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VIA US MAIL AND EMAIL 

 

John Oquendo 

Associate Planner 

County of San Bernardino 

Land Use Services Department 

385 N. Arrowhead Avenue 

San Bernardino, CA 92415-0182 

John.oquendo@lus.sbcounty.gov 

 

RE: Initial Study/ Mitigated Negative Declaration for Pacific Industrial/Bloomington Truck 

Terminal Project, Conditional Use Permit (P201300121), Tentative Tract Map (TT 19448) 

Greetings: 

On behalf of concerned area residents and Center for Community Action and Environmental 

Justice, I hereby submit these comments on the Mitigated Negative Declaration (MND) and 

Initial Study (IS) for, and in opposition to, the Bloomington Truck Terminal Project, Conditional 

Use Permit (P201300121) to develop a 708,240 sf industrial building to be used as a high cube 

warehouse distribution facility on 36.70 acres, with a Tentative Tract Map (TT19448) to 

subdivide 54.3 acres into two parcels (the “Project”). 

General Comments: 

Preparation of an Environmental Impact Report (“EIR”) is absolutely essential for this Project. 

The California Environmental Quality Act (“CEQA”) was adopted as a disclosure and 

transparency document. The theory is that by providing a document that adequately describes the 

environmental consequences of a project to decision makers and the public, the decision makers 

will make a rational decision based upon the true environmental consequences of the project and 

if they do not, the electorate can hold them accountable for their decisions. The core of this 

statutory structure is the adequacy of the document as an informational document.   

The EIR requirement is the “heart of CEQA.” (State CEQA Guidelines § 15003(a). An EIR is 

required for any proposed project that may have a significant effect on the environment. (Public 

Resources Code § 21100 (a)) A lead agency may prepare a MND for a proposed project only 
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when: (1) revisions in the project would avoid or mitigate the potentially significant project 

effects to a point where clearly no significant effects would occur; and (2) there is no substantial 

evidence in light of the whole record that the project as revised may have a significant effect on 

the environment. (State CEQA Guidelines § 15070 (b))  

The adoption of a MND for the Project is improper where, as here, there is substantial evidence 

in the record of a fair argument of significant environmental impacts as a result of the project.   

The Project is likely to have significant impacts that were not adequately addressed in the MND.  

Specifically, there is a fair argument that the project will have significant impacts to/from, at 

least, air quality/health risks, traffic, greenhouse gas emissions, noise, biological resources, 

hydrology/water quality, noise, utilities, and regional and cumulative impacts.  (Note also: page 

5 of the Initial Study fails to check any impacts as “potentially significant,” despite finding the 

project could have a significant environmental effect absent mitigation.)  

 

Additionally, the conclusions in the IS/MND are unacceptably conclusory and not based on 

substantial evidence.  For example, the entire aesthetics portion of the IS finds no or less than 

significant aesthetic impacts would result from the Project, but fails to support this finding with 

any evidence or citation to supporting documents. 

The potentially significant impacts of this Project are also not shown to be mitigated below a 

level of significance.  Moreover, CEQA requires that, if mitigation is adopted for a project, all 

proposed mitigation measures are fully enforceable and certain to occur.  The mitigation 

proposed with this Project is vague, uncertain, and unenforceable and improperly deferred. 

Lastly, the IS/MND was not circulated to the State Clearinghouse as required for this Project of 

local and regional significance. 

As discussed below, the MND prepared for this Project fails to disclose and evaluate significant 

effects as required by CEQA. Preparation of an EIR is needed as the Project will result in 

potentially significant impacts, and mitigation has not been incorporated to clearly reduce such 

impacts below a level of significance. 

Project Summary 

The Project proposes to develop a 708,240 sf industrial building to be used as a high cube 

warehouse distribution facility on 36.70 acres, with a Tentative Tract Map (TT19448) to 

subdivide 54.3 acres into two parcels (the “Project”). The proposed warehouse will contain 

20,000 sf of ancillary office space. The Project site consists of a T-shaped 36.7 ac portion of an 

existing 54.2 ac freight transfer facility, which will be separated from the existing development 

through tentative tract map TT19448.  The Project would include 104 truck bays/ doors. 

The freight transfer facility currently contains three industrial buildings totaling 197,771 sf with 

paved areas for truck, trailer, and passenger vehicle parking. 131,171 sf of the existing building 

area would be razed for construct the proposed Project. 

The Project site is located on the north side of Slover Avenue, west of Linden Avenue, south of 

the I-10 freeway in the community of Bloomington.  The Project site is also immediately south 

of Southern Pacific Railroad improvements.  Surrounding land uses include the freight transfer 
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facility, railroad and I-10, vacant land, single- and multi-family residential, and industrial. The 

closest residences are to the west approximately 100 feet from the Project’s boundary. 

Additionally, residences to the southeast are approximately 600 ft from the Project’s property 

line, and to the south approximately 160 ft from the property line. 

 The General Plan Land Use designation for the site is IC (Community Industrial), which permits 

the development of warehouse distribution facilities larger than 80,000 sf subject to approval of a 

Conditional Use Permit. Truck bays and corresponding loading areas are located along the east 

and west elevations of the proposed building.  

Aesthetics 

There is absolutely no substantial evidence in the IS/MND to support the claim that impacts to 

aesthetics will be no impact or less than significant.  

Traffic/ Transportation 

The traffic study prepared for the Project and IS/MND section regarding traffic are completely 

deficient in considering the Project’s traffic impacts. Traffic impacts are potentially significant, 

and the IS/MND completely fails as an informational document. 

The Project trip generation rates used in the traffic study are flawed. The Project relies on ITE 

rates for overall trip generation, vehicle fleet mix was based on the Fontana Trip General Study 

which greatly underestimates the percentage of heavy trucks accessing the site. SCAQMD 

recently recommended in 2012 that truck trip percentage not be generated from the Fontana 

study or ITE rates. SCAQMD recommends a trip rate of 2.57 trips/ 1,000 sf and 40% trucks for 

evaluating single high cube warehouse projects to provide a worst-case assumption consistent 

with CEQA. (“High-Cube Warehouse Truck Study: Technical Working Group” (March 8, 2012), 

< http://www.aqmd.gov/ceqa/Warehouse/WarehouseTWG30812.pdf>.) For this 708,240 sf, the 

Project would be expected to generate 1,820 trips per day of which 728 were trucks. This is well 

above the traffic study’s projected 1,190 trips per day of which only 243 are trucks. 

Applying the ratio of 2, 3, and 4+ axle trucks for truck distribution used in the traffic study to the 

728 truck trips generated by the use of SCAQMD recommended trip generation, PCE trips 

would amount to: 1,572 PCE trips (4+Axle trucks), 262 PCE Trips (3- Axle), and 109 (2-Axle). 

With the 1,092 passenger car trips, the total PCE Trip Generation for the Project would be 3,035. 

This is almost double the estimate of the traffic study of 1,560 PCE trips. Moreover, the Net PCE 

trips over the existing building is 2,104, over three times the 629 Net PCE trips estimated (when 

compared with 70% traffic of the existing freight facility). As evidenced, the traffic study greatly 

understates Project trip generation and PCE trips. 

The traffic study considers impacts at only seven intersections, four of which are driveways to 

the Project and all of which are directly adjacent to the Project. The traffic study did not evaluate 

any impacts to I-10 on- or off-ramps or I-10 highway segments, or intersections more distant 

from the Project site despite the fact that the Project would operate as a high cube distribution 

warehouse and thus have trucks traveling along such roadways and highways. The air quality 

analysis assumes an average travel distance of 40 miles, whereas the traffic study seems to 
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assume an average travel distance of one block.  At the very least, the traffic study and IS must 

be updated to evaluate impacts at the following intersections: 

 Cedar Ave./ Slover Ave. 

 Sierra Ave./ Slover Ave. 

 Slover Ave./Production Ave. 

 Slover Ave./Laurel St. 

 Slover Ave./Alder Ave. 

 Slover Ave./ Tamarind Ave. 

 Slover Ave./ Orchard St. 

 Slover Ave./ Valencia St. 

 Cedar Ave. and I-10 on- and off-ramps  

 Sierra Ave. And I-10 on- and off-ramps 

 I-10 and I-15 Junction 

 I-10 and I-215 Junction 

The traffic study also wrongly fails to consider impacts along roadway segments, instead looking 

only to intersection delays. The traffic study fails to consider roadway capacities. The traffic 

study and IS must also be updated to evaluate impacts for at least the following 

roadway/highway segments: 

 I-10 highway segments en route to expected destinations. 

 The length of Slover Ave. between Cedar Ave. and Sierra Ave. 

 Locust Ave. to Slover Ave. 

 Linden Ave. to Slover Ave. 

The traffic study assumes equal amounts of passenger cars will travel east and west, but that no 

traffic will travel south beyond Slover Ave.  Given the residences south of Slover, this 

assumption is not supported. 

The figures in the traffic study are also inaccurate, labeling intersection 7 as Maple/Slover where 

intersection 7 is Linden/Slover. (See, eg. Figures 5, 6, 7, etc.) Figure 8 incorrectly labels this 

Linden/Slover intersection as Dwy 3/Slover.  Figures 12, 13, etc show vehicles exiting Maple 

from north of Slover where, with the Project, Maple north of Slover will no longer exist. 
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Existing peak traffic volumes without the Project on Slover Ave. traveling west are up to 491 

PCEs am west of Locust; traveling east on Slover Ave., existing peak traffic volumes are up to 

426 PCEs. Opening year without the Project would be up to 520 PCE traveling west. These peak 

volumes would likely increase substantially given a fair estimation of Project traffic, and with 

cumulative traffic as discussed below. 

The traffic study and IS fail to consider future traffic with the Project. General Plan Buildout 

with and without the Project should be evaluated and disclosed. 

The miniscule scope of the traffic study also results in completely understated cumulative traffic 

impacts. Because the traffic study limits to only seven intersections, only two other projects 

were included in the cumulative impact analysis as also potentially effecting those intersections. 

The geographic scope of the traffic study and scope of the cumulative impact analysis must be 

expanded. 

Construction traffic impacts are also not evaluated or mitigated.  As construction traffic impacts 

may be significant, the following mitigation measures must be incorporated: 

1. Provide temporary traffic controls such as a flag person, during all phases of construction 

to maintain smooth traffic flow. 

2. Provide dedicated turn lanes for movement of construction trucks and equipment on- and 

off-site. 

3. Reroute construction trucks away from congested streets and sensitive receptor areas. 

4. Configure construction parking to minimize traffic interference. 

5. Prior to the issuance of a grading and building permit, the applicant shall submit 

verification that a ridesharing program for the construction crew has been encouraged and 

will be supported by the contractor via incentives or other inducements. 

6. Minimize construction worker trips by requiring carpooling and providing for lunch 

onsite. 

7. Provide shuttle service to food service establishments/commercial areas for the 

construction crew. 

8. Provide shuttle service to transit stations/multimodal centers for the construction crew. 

9. Improve traffic flow by signal synchronization. 

10. Work with Caltrans to ensure adequate LOS at impacted on- and off- 

ramps.  

Mitigation for operational impacts may include several of the measures detailed within the air 

quality section of this letter, such as ride sharing programs. Other mitigation may include road 

improvement requirements; however, given the absence of needed information in the MND, the 

necessary requirements are uncertain.  
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For operational traffic impacts, until the traffic study is re-prepared, adequate mitigation for 

traffic impacts may not be formulated and incorporated into the Project. Traffic impacts to state 

highway facilities will likely remain significant and unavoidable as a result of delays by Caltrans 

in making improvements, no plan for no future improvements, and/or no alternative mechanism 

by which mitigation fees are paid in lieu of directly improving these state highway facilities. 

Traffic impacts should be deemed significant and an EIR prepared for the Project. 

Furthermore, the inadequate analysis of this Project’s potential traffic impacts renders the other 

studies of the IS/MND deficient and inaccurate. The air quality analysis, health risk analysis, 

noise study, etc. must be updated to accurately reflect this Project’s effects to traffic. 

Air Quality 

The CalEEMod estimates for air quality impacts find that short term regional construction 

emissions may be less than significant if mitigated, as the model was run as “Mitigated 

Construction.”  The IS and air quality study, however, fails to incorporate any mitigation 

measures to achieve this level of emissions beyond the emissions control measures required by 

SCAQMD Rule 403. Absent mitigation, construction air quality impacts will be significant. 

There is no reasoning or support provided in the air quality analysis or is for using CalEEMod 

outputs for “Mitigated Construction” instead of unmitigated construction. Unmitigated 

construction outputs would likely show exceedences of the short term regional thresholds for at 

least NOx and ROG, and LST Impacts for at least NOx, PM10, and PM2.5. 

The use of SCAQMD LST modeling for a 4.0 acre site is also inappropriate. As stated by 

SCAQMD, “The LST mass rate look-up tables only apply to projects that are less than or equal 

to five acres.…In the event that the project area exceeds five acres, it is recommended that lead 

agencies perform project-specific air quality modeling for these larger projects.”  

(http://www.aqmd.gov/ceqa/handbook/lst/lst.html, see also, 

http://www.aqmd.gov/ceqa/handbook/lst/Method_final.pdf at p. 3-3 [“Large industrial projects… 

are beyond the scope of these LST lookup tables.”]) The fact that 4.0 ac may be disturbed a day 

is immaterial. Project specific modeling must be prepared for this potential impact, particularly 

where residential uses are located in close proximity to the Project site. 

The IS also presumes grading would be unnecessary for the most part since the Project has been 

previously graded. However, the south-central portion of the site is currently in use a detention 

basin so that some grading and potentially the import of soils to raise that portion of the site will 

likely be needed. The IS/MND fails to address this issue. 

Operational:  The operational impacts of the Project need to be reevaluated accounting for the 

substantial understatement of trips and truck trips in the traffic study.  Ambient air quality at the 

Project site often exceeds state or federal standards for O3, PM2.5, and PM10, and the Project 

will likely result in increases above these exceedences regionally and locally.   

Similar to the above discussion construction emissions, the use of LSTs for a 5 acre site is 

unsupported where the Project site is far in excess of 5 acres. Project specific modeling of LSTs 

must occur.  

The cumulative impact discussion in the air quality analysis is deficient and fails to at all 
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quantify this Project’s predicted cumulative effects. The air quality analysis fails to list any 

projects that would cumulatively result in construction air quality impacts. Even not accounting 

for the use of mitigated modeling, the Projects disclosed construction emissions are very near to 

regional thresholds for at least NOx and ROG, and LST thresholds for at least NOx, PM10, and 

PM2.5, so that a small increase in emissions from cumulative projects could easily lead to an 

exceedence of these thresholds. 

Regarding cumulative operational impacts, the air quality analysis finds the Project would 

exacerbate non-attainment of air quality standards in the Basin and contribute to adverse 

cumulative air quality impacts. (Air Quality analysis p. 56.)  The IS and air quality analysis, 

however, fail to quantify these impacts or show that mitigation will reduce these impacts below a 

level of significance.  

Reliance on the AQMP for projections of cumulative impacts is inappropriate in determining the 

Project’s cumulative air quality impact locally. The IS and air quality analysis fails to quantify or 

disclose local cumulative impacts. 

Mitigation adopted to reduce the Project’s air quality impacts restates, for the most part, existing 

requirements, e.g.: MM III-1 which for the most part combines SCAQMD, County, and CARB 

requirements; MM III-2, which provides the manner of compliance with SCAQMD guidelines; 

MM III-2 which includes some SCAQMD regulations; MM III-4 which implements SCAQMD 

guidelines; etc. The IS should clarify what mitigation measures are independent of existing rules 

and requirements. 

As the Project will result in significant construction and operational impacts not disclosed or 

adequately mitigated in the IS/MND, an EIR is absolutely needed to evaluate Project air quality 

effect. Additionally, the following mitigation measures should be incorporated: 

CONSTRUCTION 

1. Gravel pads must be installed at all access points to prevent tracking of mud onto public 

roads.  

2. Install and maintain trackout control devices in effective condition at all access points 

where paved and unpaved access or travel routes intersect (eg. Install wheel shakers, 

wheel washers, and limit site access.) 

3. All roadways, driveways, sidewalks, etc., should be completed as soon as possible. In 

addition, building pads should be laid as soon as possible after grading unless seeding or 

soil binders are used. 

4. Pave all construction roads. 

5. Pave all construction access roads at least 100 feet on to the site from the main road. 

6. The maximum vehicle speed on unpaved roads shall be 15 mph. 

7. Limit fugitive dust sources to 20 percent opacity. 

8. Require a dust control plan for earthmoving operations. 

9. When materials are transported off-site, all material shall be covered, effectively wetted 

to limit visible dust emissions, and at least six inches of freeboard space from the top of 

the container shall be maintained. 
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10. All streets shall be swept at least once a day using SCAQMD Rule 1186 certified street 

sweepers utilizing reclaimed water trucks if visible soil materials are carried to adjacent 

streets. 

11. The contractor or builder shall designate a person or persons to monitor the dust control 

program and to order increased watering, as necessary, to prevent transport of dust 

offsite. 

12. Post a publicly visible sign with the telephone number and person to contact regarding 

dust complaints. This person shall respond and take corrective action within 24 hours. 

13. Extend grading period sufficiently to reduce air quality impacts below a level of 

significance. 

14. The simultaneous disturbance of the site shall be limited to five acres per day. 

15. Adequate watering techniques shall be employed to mitigate the impact of construction-

related dust particulates. Portions of the site that are undergoing surface earth moving 

operations shall be watered such that a crust will be formed on the ground surface, and 

then watered again at the end of each day. Site watering shall be performed as necessary 

to adequately mitigate blowing dust. 

16. Any vegetative cover to be utilized onsite shall be planted as soon as possible to reduce 

the disturbed area subject to wind erosion. Irrigation systems required for these plants 

shall be installed as soon as possible to maintain good ground cover and to minimize 

wind erosion of the soil. 

17. Any on-site stockpiles of debris, dirt or other dusty material shall be covered or watered 

three times daily. 

18. Apply non-toxic soil stabilizers according to manufactures’ specifications to all inactive 

construction areas (previously graded areas inactive for ten days or more). 

19. Any site access points within 30 minutes of any visible dirt deposition on any public 

roadway shall be swept or washed. 

20. Excavating and grading operations shall be suspended during first stage ozone episodes 

or when winds exceed 25 mph as instantaneous gusts. A high wind response plan shall be 

formulated for enhanced dust control if winds are forecast to exceed 25 mph in any 

upcoming 24-hour period. 

21. Prohibit truck idling in excess of five minutes both on- and off-site. 

22. Implement activity management techniques including a) development of a 

comprehensive construction management plan designed to minimize the number of large 

construction equipment operating during any given time period; b) scheduling of 

construction truck trips during non-peak hours to reduce peak hour emissions; c) 

limitation of the length of construction work-day period; and d) phasing of construction 

activities.* 

23. Develop a trip reduction plan to achieve a 1.5 AVR for construction employees.* 

24. Require high pressure injectors on diesel construction equipment.* 

25. Restrict truck operation to "clean" trucks, such as a 2007 or newer model year or 2010 

compliant vehicles.* 

26. All diesel powered construction equipment in use shall require control equipment that 

meets, at a minimum Tier IV emission requirements. In the event Tier IV equipment is 

not available, diesel powered construction equipment in use shall require emissions 

control equipment with minimum of Tier III diesel standards.* 
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27. Require the use of CARB certified particulate traps that meet level 3 requirements on all 

construction equipment.* 

28. Utilize only CARB certified equipment for construction activities.* 

29. The developer shall require all contractors to turn off all construction equipment and 

delivery vehicles when not in use and/or idling in excess of 3 minutes.* 

30. Restrict engine size of construction equipment to the minimum practical size.* 

31. Use electric construction equipment where technically feasible.* 

32. Substitute gasoline-powered for diesel-powered construction equipment.* 

33. Require use of alternatively fueled construction equipment, using, e.g., compressed 

natural gas, liquefied natural gas, propane, or biodiesel.* 

34. Use methanol-fueled pile drivers.* 

35. Install catalytic converters on gasoline-powered equipment.* 

36. Use electricity from power poles rather than temporary diesel or gasoline power 

generators.* 

37. Require the use of Alternative Diesel Fuels on diesel equipment used.  Alternative diesel 

fuels exist that achieve PM10 and NOx reductions.  

38. Electrical powered equipment shall be utilized in-lieu of gasoline-powered engines where 

technically feasible.* 

39. All forklifts shall be electric or natural gas powered.*  

40. Any construction equipment using direct internal combustion engines shall use a diesel 

fuel with a maximum of 0.05 percent sulfur and a four-degree retard.* 

41. Suspend use of all construction equipment operations during second stage smog alerts.* 

42. Demonstrate proper inspection and maintenance of construction equipment.* 

43. Employ a construction site manager to verify that engines are properly maintained and 

keep a maintenance log.* 

44. Consolidate truck deliveries when possible.* 

45. Establish a staging zone for trucks that are waiting to load or unload material at the work 

zone in a location where diesel emissions from the trucks will have minimum impact on 

abutters and the general public. 

46. Locate construction equipment away from sensitive receptors including, fresh air intakes 

to buildings, air conditioners and operable windows. 

47. Require all diesel trucks used by construction contractors at the site, or for on-road 

hauling of construction material, to be post-2007 models or 2010 compliant vehicles. 

48. Diesel portable generators shall not be allowed at the construction site. 

49. Use to the extent technologically feasible hybrid and fuel efficient construction 

equipment and support vehicles. (e.g. pick up trucks.)* 

50. Use a Heavy-Duty Off-Road Vehicle Plan to ensure compliance with construction 

mitigation measures, incorporating the use of at least hourly meters on equipment; 

documentation of the serial number, horsepower, manufacturing age, fuel, etc. of all 

onsite equipment; and daily logging the operating hours of equipment. 

51. All off-road diesel-powered construction equipment greater than 50 hp shall meet Tier 3 

off-road emissions standards.  In addition, all construction equipment shall be outfitted 

with BACT devices certified by CARB.  Any emissions control device used by the 

contractor shall achieve emissions reductions that are no less than what could be achieved 

by a Level 3 diesel emissions control strategy for a similarly sized engine as defined by 

CARB regulations. 
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52. By January 1, 2015, all off-road diesel-powered construction equipment greater than 50 

hp shall meet Tier 4 emissions standards, where available.  In addition, all construction 

equipment shall be outfitted with BACT devices certified by CARB.  Any emissions 

control device used by the contractor shall achieve emissions reductions that are no less 

than what could be achieved by a Level 3 diesel emissions control strategy for a similarly 

sized engine as defined by CARB regulations. 

53. A copy of each unit’s certified tier specification, BACT documentation, and CARB or 

AQMD operating permit shall be provided at the time of mobilization of each applicable 

unit of equipment. 

54. During Project construction, the applicant will be required to solicit bids that include use 

of energy and fuel efficient fleets.* 

55. During Project construction, the applicant will be required to solicit preference 

construction bids that use BACT, particularly those seeking to deploy zero- and/or near 

zero emission technologies.* 

56. During Project construction, the applicant will be required to use the minimum feasible 

amount of GHG emitting construction materials that is feasible.* 

57. During Project construction, the applicant will be required to use cement blended with the 

maximum feasible amount of flash or other materials that reduce GHG emissions from 

cement production to the extent feasible.* 

58. Require preparation of a traffic control plan.* 

59. Provide temporary traffic controls such as a flag person, during all phases of construction 

to maintain smooth traffic flow.* 

60. Provide dedicated turn lanes for movement of construction trucks and equipment on- and 

off-site.* 

61. Reroute construction trucks away from congested streets and sensitive receptor areas.* 

62. Configure construction parking to minimize traffic interference.* 

63. Prior to the issuance of a grading and building permit, the applicant shall submit 

verification that a ridesharing program for the construction crew has been encouraged and 

will be supported by the contractor via incentives or other inducements.* 

64. Implement a carpool program for construction workers.* 

65. Minimize construction worker trips by requiring carpooling and providing for lunch 

onsite. * 

66. Provide shuttle service to food service establishments/commercial areas for the 

construction crew.* 

67. Provide shuttle service to transit stations/multimodal centers for the construction crew.* 

68. Develop a Low-impact Construction Commuting Plan for all tradespersons to utilize 

during Project construction. This Plan shall address the home to office/shop commute and 

office/shop to jobsite commute and increase carpooling and other commuting efficiencies 

during construction.* 

 

OPERATIONAL EMISSIONS 

1. All fleet vehicles and all heavy duty trucks entering the property must meet or exceed 

2010 air quality emissions standards, specified in Cal. Code of Regulations Title 13, Art. 

4.5, Chapter 1, Section 2025. Results, including backup data shall be reported to the 

Planning Department semi-annually.* 
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2. (ALTERNATIVELY from 1 above) The operator of the primary facilities shall 

incorporate requirements or incentives sufficient to achieve at least 20% per year (as a 

percentage of previous percentage, not total trips) increase in percentage of long haul 

trips carried by 2010 compliant trucks carriers until it reaches a minimum of 90% of all 

long haul trips carried by 2010 compliant trucks.  Results, including backup data shall be 

reported to the Planning Department semi-annually.*  

3. The operator of the primary facilities shall become SmartWay Partner.*   

4. The Project shall meet SmartWay 1.25 ratings.* 

5. The Project shall use only freight companies that meet SmartWay 1.25 ratings.* 

6. (ALTERNATIVELY from 4, 5 above) The operator of the primary facilities shall 

incorporate requirements or incentives sufficient to achieve at least 20% per year (as a 

percentage of previous percentage, not total trips) increase in percentage of long haul 

trips carried by SmartWay carriers until it reaches a minimum of 90% of all long haul 

trips carried by SmartWay 1.0 or greater carriers.  Results, including backup data shall be 

reported to the Planning Department semi-annually.*  

7. All spaces utilizing refrigerated storage, including restaurants and food or beverage 

stores, shall provide an electrical hookup for refrigeration units on delivery trucks.  

Trucks incapable of utilizing the electrical hookup for powering refrigeration units shall 

be prohibited from accessing the site.  All leasing documents shall include these 

requirements and provide that violation of those provisions will constitute a material 

breach of the lease that will result in the termination of the lease.  Because of the fact that 

these terms of the lease are designed to benefit the public, the public shall be considered 

to be a third party beneficiary with standing to enforce the requirements of the lease.* 

8. Install catalytic converters on gasoline-powered equipment.* 

9. Where diesel powered vehicles are necessary, require the use of alternative diesel fuels.  

Alternative diesel fuels exist that achieve PM10 and NOx reductions. Electrical powered 

equipment should be utilized in-lieu of gasoline-powered engines where technically 

feasible.* 

10. Utilize electrical equipment for landscape maintenance.* 

11. All forklifts shall be electric or natural gas powered.* 

12. Utilize electric yard trucks, yard goats, and hostlers. Prohibit the use of diesel powered 

yard trucks, yard goats, and hostlers.* 

13. Prohibit idling of trucks for periods exceeding three minutes both on warehouse property 

and on nearby streets.* 

14. Provide electrical vehicle (“EV”) and compressed natural gas (“CNG”) vehicles in 

vehicle fleets.* 

15. Charge reduced or no parking fee for EVs and CNG vehicles.* 

16. Install EV charging facilities for a minimum of 10% of all parking spaces.* 

17. Install a CNG fueling facility.* 

18. Provide preferential parking locations for EVs and CNG vehicles.* 

19. Implement parking fee for single-occupancy vehicle commuters.* 

20. Plant shade trees in parking lots to provide minimum 50% cover to reduce evaporative 

emissions from parked vehicles.* 

21. Plant at least 50 percent low-ozone forming potential (Low-OFP) trees and shrubs, 

preferably native, drought-resistant species, to meet city/county landscaping 

requirements.* 
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22. Plant Low-OFP, native, drought-resistant, tree and shrub species, 20% in excess of that 

already required by city or county ordinance. Consider roadside, sidewalk, and driveway 

shading.* 

23. Orient 75 percent or more of homes and buildings to face either north or south (within 30 

degrees of N/S) and plant trees and shrubs that shed their leaves in winter nearer to these 

structures to maximize shade to the building during the summer and allow sunlight to 

strike the building during the winter months.* 

24. Provide grass paving, tree shading, or reflective surface for unshaded parking lot areas, 

driveways, or fire lanes that reduce standard black asphalt paving by 10% or more.* 

25. Prohibit gas powered landscape maintenance equipment within residential, commercial, 

and mixed-use developments. Require landscape maintenance companies to use battery 

powered or electric equipment or contract only with commercial landscapers who operate 

with equipment that complies with the most recent California Air Resources Board 

certification standards, or standards adopted no more than three years prior to date of use 

or any combination of these two themes.* 

26. Implement parking cash-out program for non-driving employees.* 

27. Require each user to establish a carpool/vanpool program.* 

28. Provide preferential parking for carpool/vanpool vehicles.* 

29. Provide subsidies or incentives to employees who use public transit or carpooling, 

including preferential parking.* 

30. Provide secure, weather-protected bicycle parking for employees.* 

31. Provide direct, safe, attractive pedestrian access from project to transit stops and adjacent 

development.* 

32. Provide direct safe, direct bicycle access to adjacent bicycle routes.* 

33. Provide showers and lockers for employees bicycling or walking to work.* 

34. Connect bicycle lanes/paths to city-wide network.* 

35. Design and locate buildings to facilitate transit access, e.g., locate building entrances near 

transit stops, eliminate building setbacks, etc.* 

36. Construct transit facilities such as bus turnouts/bus bulbs, benches, shelters, etc.* 

37. Provide a display case or kiosk displaying transportation information in a prominent area 

accessible to employees. 

38. Provide shuttle service to food service establishments/commercial areas.* 

39. Provide shuttle service to transit stations/multimodal centers.* 

40. All buildings shall be constructed to LEED Gold standards.* 

41. Buildings shall exceed Title 24 requirements by 20%.* 

42. Design buildings for passive heating and cooling and natural light, including building 

orientation, proper orientation and placement of windows, overhangs, skylights, etc.* 

43. Construct photovoltaic solar or alternative renewable energy sources sufficient to provide 

100% of all electrical usage for the entire Project.* 

44. Install an ozone destruction catalyst on all air conditioning systems.* 

45. Construct renewable energy sources sufficient to offset the equivalent of 100% of all 

greenhouse gas emissions from mobile sources (internal combustion engines) for the 

entire Project. * 

46. Purchase only green/ renewable power from the electric company.* 

47. Install solar water heating systems to generate all hot water requirements.* 

48. Require all on-site vehicles to use zero or near-zero emission technology.* 

13 of 900

13 of 900



March 24, 2014 

Page 13 

 

 

49. Require the installation of sufficient alternative fueling infrastructure such as electric 

charging, CNG/LNG, hydrogen, etc.; for all trucks on-site and/or within close proximity 

to the site.  Employ these technologies and phase-in further use. (e.g. 10% by 2015, 20% 

by 2020, etc.)* 

50. Provide a phase-in schedule and goals for the introduction of zero or near zero emission 

technology trucks that visit the site, beginning with 10% upon completion of construction 

and increasing to at least 20% within 5 years, etc.* 

51. The facility operator shall maintain a log of all trucks entering the facility to ensure that, 

on average, the daily truck fleet meets the quantities and emissions disclosed in the 

MND. The facility operator shall, on average, ensure that trucks entering the facility are 

limited to the quantity disclosed in the MND.  The log of trucks shall be available for 

inspection by County Staff at any time.* 

52. If higher truck volumes are anticipated to visit the site than analyzed in the MND, the 

operator shall seek, and the lead agency shall commit to, re-evaluate the additional 

impacts through CEQA prior to determining to allow or disallow this higher activity 

level. 

53. The facility operator shall ensure that onsite staff in charge of keeping a daily log and 

monitoring for excess idling be trained and certified in diesel health effects and 

technologies. (For example, by requiring attendance at CARB approved courses.)  

54. Limit project operations to non-refrigerated warehouse types of trucks and 

appurtenances. 

55. Require tenants upon occupancy that do not already operate 2007 and newer trucks to 

apply in good faith for funding to replace/retrofit their trucks such as Carl Moyer, Prop 

1B, VIP, HVIP, and SOON funding programs, as identified on SCAQMD’s website 

(http://www.aqmd.gov).  Should funds be awarded, the tenant shall be required to accept 

and use them. 

56. Restrict overnight parking in residential areas.  Establish overnight parking within the 

warehouse/distribution center where trucks can remain overnight. 

57. Establish areas within the facility for truck repairs to ensure well-maintained vehicles and 

reduce travel for repairs. 

58. For all warehouse uses of the proposed Project, the loading docks shall be designed to 

accommodate SmartWay trucks. For example, the aerodynamic equipment for trailers 

may include use of “Boat Tails” that attach to the end of the trailer and may potentially 

be incompatible with loading bays designed with certain dock shelters. 

(http://www.epa.gov/smartway/technology/designated-tractors-trailers.htm) Proof of 

compliance shall be provided in building plans prior to the issuance of building permits 

and subject to on-site verification prior to occupancy.* 

59. The Project is required to reduce waste by 15 percent through a waste diversion program 

that requires recycling and composting from some or all uses on the Project site. This will 

be required by the County prior to issuances of building permits.* 

60. All Project buildings must be constructed to allow for easy, cost-effective installation of 

solar energy systems in the future, using such “solar-ready” features as: Clear access 

without obstructions (chimneys, heating and plumbing vents, etc.) on the south sloped 

roof; Designing the roof framing to support the addition of solar panels; and Installation 

of electrical conduit to accept solar electric system wiring.* 
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61. Prior to the issuance of a certificate of occupancy, the applicant shall provide the 

developer/ operator with information regarding energy efficiency, solid waste reduction, 

recycling, motor vehicle-related greenhouse gas emissions, and water conservation best 

practices. The applicant shall also publicize information regarding solid waste reduction 

and recycling best practices to developers and tenants. Finally, the applicant shall 

encourage the use of alternative transportation methods among its tenants, including bus 

transit, vanpools, carpools, and car- and ridesharing programs. 

 

HEALTH RISKS 

The IS/MND utterly fails to adequately disclose and assess health risk impacts as the health risk 

portion of the air quality analysis relies on the deficient traffic study. The health risk assessment 

must be updated to assume 40% of the vehicles accessing the site are trucks and to assume 

higher trip generation pursuant to SCAQMD guidance. The health risk assessment must also 

evaluate potential health risks caused by increased traffic from the Project off-site, using an 

accurate projection of traffic trips and vehicle fleet mix, and considering the omitted 

intersections listed above. Health risk impacts are not shown to clearly be less than significant, 

and in fact are likely significant and unmitigated. 

 The HRA assumes just10 minutes of idling onsite. SCAQMD regularly recommends HRAs 

evaluate 15 minutes of idling onsite to account for idling/stacking upon entry/exit, as well as at 

idling at dock doors and parking. (See e.g. Letter from SCAQMD to City of San Bernardino Re: 

Draft Environmental Impact Report (Draft EIR) for the Proposed National Orange Show 

Industrial Project <http://www.aqmd.gov/ceqa/igr/2012/February/DEIRorangeshow.pdf> p. 4 

paragraph 7.) Project health risks must be reevaluated accounting for 15 minutes of onsite idling. 

The health risk impacts of this Project are likely to be significant where the closest residences to 

the Project site are just 100 feet from the Project property line. 

The IS fails to evaluate health risks from trucks traveling among truck routes to/from the Project 

site. The health risk impacts of this Project along these routes are likely to be individually and 

cumulatively significant where trucks from this Project and others in the vicinity would pass 

adjacent to and in the vicinity of many residences and nearby Bloomington High School on their 

way to I-10 along Slover, Cedar, and Sierra Avenues. 

The IS and air quality analysis fail to estimate or evaluate the cumulative health risk impacts of 

this Project.  There is no evidence cumulative health risk impacts would be less than significant, 

particularly where the air quality analysis acknowledges the Project would exacerbate 

nonattainment for PM10, PM2.5, and O3. Any reevaluated health risk assessment for this Project 

must consider impacts from cumulative past, present, and probable future projects that would 

contribute to health risk impacts in the Project area. 

Where existing health risk impacts in the Project area are estimated up to 906 cancers per million 

according to SCAQMD’s MATES III study, an accurate health risk assessment that discloses 

potential impacts to the public and decision-makers is absolutely essential. (MATES III 

Interactive Map, http://www3.aqmd.gov/webappl/matesiii/) The IS/MND fails to provide the 

public and decision-makers with needed information and an accurate assessment of the Project’s 

individual and cumulative health risk impacts. Such effects are likely significant. 
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Diesel PM is known to cause immune system effects; reproductive, developmental, and 

endocrine effects; nervous system effects; and lung health problems, as recognized by the 

County in the General Plan.  Immune system effects include increased allergic inflammatory 

responses and suppression of infection fighting ability.  Diesel PM has also been associated with 

reproductive effects such as decreased sperm production, changes in fetal development, low birth 

weight and other impacts.  Diesel PM exposure may also cause impairment to the central nervous 

system.  (The Health Effects of Air Pollution on Children, Michael T. Kleinman, Ph.D, Fall 

2000, <http://aqmd.gov/forstudents/health_effects_on_children.html#WhyChildren>; See also, 

Diesel and Health in America: the Lingering Threat, Clean Air Task Force, February 2005, 

<http://www.catf.us/resources/publications/files/Diesel_Health_in_America.pdf>)   

With regards to respiratory and cancer effects of diesel PM, SCAQMD has stated the following: 

 “Diesel particles consist mainly of elemental carbon and other carbon-containing 

compounds… Diesel particles are microscopic…Due to their minute size, diesel particles 

can penetrate deeply into the lung. There is evidence that once in the lung, diesel particles 

may stay there for a long time.  

In addition to particles, diesel exhaust contains several gaseous compounds including 

carbon monoxide, nitrogen oxides, sulfur dioxide and organic vapors, for example 

formaldehyde and 1,3-butadiene. Formaldehyde and 1,3-butadiene have been classified 

as toxic and hazardous air pollutants. Both have been shown to cause tumors in animal 

studies and there is evidence that exposure to high levels of 1,3-butadiene can cause 

cancer in humans… 

Diesel emissions may also be a problem for asthmatics. Some studies suggest that 

children with asthma who live near roadways with high amounts of diesel truck traffic 

have more asthma attacks and use more asthma medication.  

Some human volunteers, exposed to diesel exhaust in carefully controlled laboratory 

studies, reported symptoms such as eye and throat irritation, coughing, phlegm 

production, difficulty breathing, headache, lightheadedness, nausea and perception of 

unpleasant odors. Another laboratory study, in which volunteers were exposed to 

relatively high levels of diesel particles for about an hour, showed that such exposures 

could cause lung inflammation.”  (The Health Effects of Air Pollution on Children, supra; 

See also, Mira Loma Commerce Center EIR No. 450, Air Quality, Section 4.) 

Furthermore, infants, children, and the elderly are more susceptible to diesel PM and its 

associated health impacts. With regards to infants and children, increased susceptibility to TACs 

and diesel PM exists for a variety of reasons.  Children are generally more active than adults, 

have higher respiration rates, and inhale more pollutants deeper into the lung. Children also have 

more lung surface area in proportion to their body size and inhale more air pound for pound 

when compared to adults, taking in 20 to 50 percent more air and associated air pollutants than 

adults.  When compared to adults, children spend more active time outdoors in polluted air 

environments and exert themselves harder than adults when playing outside. Importantly, this 

exposure to high pollutant levels in children occurs while their lungs are still developing, and 
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therefore has more severe impacts on this sensitive group.  (The Health Effects of Air Pollution 

on Children, supra.)  

 

This increased susceptibility to air pollutant emissions for children has resulted in the California 

EPA Office of Environmental Health Hazard Assessment (“OEHHA”) weighting cancer risk by 

a factor of 10 for exposures to carcinogens from birth to two years old, and by a factor of 3 for 

exposures from 2 years old to 15 years old.  (Technical Support Document for Cancer Potency 

Factors: Methodologies for derivation, listing of available values, and adjustments to allow for 

early life stage exposures, California EPA OEHHA Air Toxicology and Epidemiology Branch, 

April 2009, p. 3. <http://www.oehha.ca.gov/air/hot_spots/pdf/TSDCPFApril_09.pdf.>)  

Additionally, recent studies conducted by SCAQMD’s Brain and Lung Tumor and Air Pollution 

Foundation have found a specific connection between exposure to diesel PM and brain cancer in 

children.  (Annual Meeting of the Brain & Lung Tumor and Air Pollution Foundation, April 2, 

2010, <http://www.aqmd.gov/hb/2010/April/100425a.htm>)  

In addition to an increased risk of cancer, the effects of diesel PM on children include slowed 

lung function and growth, increased emergency room visits, increased incidences of asthma and 

bronchitis, crib death, asthma respiratory infections, allergic symptoms, and asthma 

hospitalizations. (Diesel and Health in America: the Lingering Threat, supra.)  An accurate 

projection of health risks is thus particularly necessary here where the Project is located in close 

proximity to Bloomington High School and many residences. 

The following mitigation measures should be incorporated to reduce the health risk impacts of 

the Project: 

1. The Project applicant shall fund the purchase, installation and maintenance of in-home air 

filtration systems for residential parcels impacted by the Project (once the HRA is updated to 

incorporate accurate traffic predictions, idling time, etc.) at a total cost of $1,700 per parcel. 

The air filtrations systems shall be selected by the owners of each parcel in consultation with 

SCAQMD. 

2. Require enhancement of landscaping to provide a vegetative buffer zone along the eastern, 

western, and southern Project boundaries.  Trees which reduce diesel particulate matter shall 

be planted in this buffer zone, examples of which include California Pepper Trees and 

Bottlebrush Trees. Sycamore trees may also be planted along with drought tolerant plants. 

3. Create a buffer zone of at least 1,000 feet between warehouse/distribution center and 

sensitive receptors.  Prohibit the placement of loading docks and truck routes within this area. 

4. Design the Project so that any check-in point for trucks is well inside the facility property to 

ensure that no trucks queue outside of the facility. 

5. Avoid locating Project entry/ exit points and driveways near closest residences and other 

sensitive receptors. 

6. Design the Project so that interior vehicular circulation shall be located away from sensitive 

receptors.  Require the Project clearly specify on the facility site primary entrance and exit 

points. 

7. Require the Project to establish specific truck routes and post signs between the Project and 

the freeway/primary access arterial that achieves that objective and eliminate trucks from 

traversing residential areas. 
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8. Provide food, fueling, truck repair, and a convenience store onsite. 

9. Require signage identifying where food, lodging, and entertainment can be found when not 

available onsite. 

10. Require the installation of electric hook-ups to eliminate idling of main and auxiliary engines 

during loading, unloading, and when trucks are not in use. 

11. Restrict idling within the facility to less than 3 minutes.  Post signs within the facility stating 

that no idling in excess of 3 minutes is permitted. 

12. Install clean fueling stations at the Project site. 

13. Provide pamphlets to all truck drivers about the health effects of diesel particulates, the 

benefits of minimizing idling time, CARB regulations, and the importance of not parking 

in residential areas. 

14. Require the posting of signs outside the facility providing a phone number which neighbors 

may call if there is an air quality issue.  Require response to such calls within 24 hours. 

 

GHGs 

As the GHG estimates are based on “mitigated” construction emissions, yet the Project requires 

no construction mitigation; and operational emissions that substantially underestimate mobile 

source emissions, the GHG emissions estimates must be reevaluated and are presently 

unsupported by substantial evidence. It is likely GHG impacts will be significant. The Project 

should be required to install solar PV sufficient to generate enough energy to power at least the 

Project building.  

The Climate Change Impact Analysis also indicates that the Project is consistent with the 

County’s Greenhouse Gas Emission Reduction Plan based on the point system therein. The 

Climate Change Impact Analysis is, however, out of date as it was prepared in June 2013 based 

on Title 24 2008 standards. New Title 24 2013 standards have since been prepared and go into 

effect this year. The MND/IS should determine if the Project is consistent with the County’s 

Greenhouse Gas Emission Reduction Plan based on the new Title 24 standards. 

Biological Resources 

The Biological Resources Report found impacts to birds protected under the Migratory Bird 

Treaty Act and/ or CDFG Code §§ 3503-3801 may occur, and that a pre-construction nesting 

survey should be required to avoid these effects. No mitigation in the form of avoiding 

construction during the nesting season, performing a pre-construction nesting survey, and 

avoidance of nests if found is required in the IS/MND. The Project thus results in potentially 

significant and unmitigated impacts to protected bird species. 

Cultural Resources 

The determination that cultural resources will be less than significant is unsupported by any 

evidence or references. The added conditions are insufficient to reduce potential effects below 

significance where they do not provide for a monitor onsite during Project construction and do 

not permit the diverting of construction to allow investigation and either avoidance or recovery 

of any find.   
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Hydrology/Water Quality 

The Preliminary Drainage Report and Preliminary Water Quality Management Plan prepared by 

C&V Consulting, Inc. were not included with the IS/MND.  Without these documents it is 

impossible to determine whether the IS/MND accurately finds that no hydrology/water quality 

impacts may occur based on substantial evidence.  

The Project will be served by a septic system. There is no evidence septic will be adequate to 

service this Project. 

The Project will develop significantly more impervious area than currently exists onsite. There is 

no evidentiary support for the finding the Project will not deplete groundwater through 

interfering with groundwater recharge. 

Two detention basins presently exist onsite including one just west of center on the south side of 

the site, and one in the southeastern corner.  The Project building would be constructed on the 

site of the bigger, central detention basin. At the very least, the drainage pattern of the site would 

thus need to be altered—a potentially significant impact. The IS/MND does not make any 

mention of these basins in evaluating impacts to hydrology/water quality; instead the detention 

basins are mentioned only in the evaluation of impacts to biological resources. The claims that 

the Project will not substantially alter the existing drainage patter on site, increase the rate of 

runoff, contribute to runoff, or degrade water quality are not supported where the IS/MND fails 

to disclose how drainage and runoff will be adequately dealt with in lieu of these detention 

basins. Impacts to hydrology and water quality are potentially significant and unmitigated. 

Noise 

Preparation of an EIR is needed to quantify, disclose, and mitigate the noise impacts of this 

Project to the extent feasible. 

 

The IS/MND fails to disclose noise standards, exceedences thereof, or increases in ambient noise 

over existing levels. 

 

The noise impact analysis (noise study) evaluates noise levels using varying measures which 

render apples to apples comparisons impossible.  The noise study should be updated to permit 

such comparisons. 

 

The noise study finds Project construction will result in noise levels up to 85 dBA at residences 

located near the Project, yet no mitigation is required for this noise impact. 85 dBA is well above 

the County’s noise level standards for residences of 60 dBA CNEL, 75 dBA Lmax.   

Additionally, 85 dBA is a substantial increase in ambient noise levels in the Project area where 

such levels are presently a maximum of 57.9 dBA Leq 20 min. The noise study also improperly 

fails to evaluate these temporary noise increases over ambient levels, or find them to be 

significant. The requirement that construction be limited to daytime hours does not reduce these 

significant noise impacts experienced by residents during those hours. Construction noise 

impacts should be considered significant and unmitigated as they exceed noise standards and 

19 of 900

19 of 900



March 24, 2014 

Page 19 

 

 

cause substantial increases in ambient noise, and no mitigation is adopted to reduce these effects 

below significance. 

 

The following mitigation measures must be adopted to reduce impacts from construction noise: 

1. During construction, install construction noise barriers with a minimum STC rating of 20 

around the site. An example of an acceptable barrier would be fencing covered with a 

quilted blanket (STC rating of 27). 

2. Where technically feasible, utilize only electrical construction equipment 

3. During construction, the developer shall require that all contractors turn off all 

construction equipment and delivery vehicles when not in use and prohibit idling in 

excess of 3 minutes. 

4. Direct construction traffic away from sensitive receptors to the extent possible.  

5. Locate any stockpiles, materials, and construction equipment at the furthest distance 

possible from sensitive receptors. 

Operational noise onside may exceed nighttime standards if more than 10 trucks idle at the same 

time on the west side of the Project site. The noise study thus suggests mitigation be adopted to 

reduce operation of dock doors on the west side of the site to achieve at least a 5dBA reduction 

in noise. 

Operational noise onside may exceed nighttime standards if more than 16 trucks idle at the same 

time on the east side of the Project site. The noise study thus suggests mitigation be adopted to 

reduce operation of dock doors on the east side of the site to achieve at least a 4dBA reduction in 

noise. 

Operational noise onside may exceed nighttime standards if more than 8 refrigerated trucks idle 

at the same time to the southeast of the Project site. The noise study thus suggests mitigation be 

adopted to reduce operation of dock doors on the southeast side of the site to achieve at least a 

7dBA reduction in noise. 

Not all of this proposed mitigation was incorporated into the Project. 

Moreover, these noise predictions only include noise from truck operation. Parking lot activity, 

fans, etc. will increase noise from the Project site as well, requiring further decreases of truck or 

other noise to adequately reduce noise levels below significance. Also, noise from the Project 

site may exceed the 55 dBA L50 standard for daytime as well incorporating these other noise 

sources. The MND fails to evaluate total noise impacts from operation on the Project site; and it 

is clear such impacts may be significant and are not adequately mitigated. 

The noise study fails to evaluate operational Project noise increases over ambient levels for 

stationary sources. 

Traffic noise increases may be up to 2.9dBA at 50 feet on Locust Ave. north of Slover Ave. 

where noise levels are presently low, at 43.5 dBA CNEL. Under CEQA, consideration must be 
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given to the magnitude of any noise increase, the existing ambient noise levels, and the location 

of noise-sensitive receptors in order to determine if a noise increase represents a significant 

adverse environmental effect.  This is because noise impacts may be greater if substantial 

increases occur in a relatively quiet area, or if noise is added to an existing high noise level in a 

manner that increases noise to a problem/tipping point level. (See, e.g., Gray v. County of 

Madera (2008) 167 Cal.App.4
th

 1099, 1122-23.) The 2.9 dBA increase should be considered a 

significant impact as this substantial increase occurs in a relatively quiet area, and may thus be 

noticeable. 

Cumulative noise impacts are not considered in the MND. Also, traffic noise impacts are limited 

to just those few intersections adjacent to the Project site without consideration for areas of 

higher traffic to be used by the Project (e.g. I-10 on- and off-ramps). 

The following additional mitigation should be incorporated to reduce operational noise impacts 

from the Project.  

1. Provide upgraded windows with a minimum Sound Transmission Class (STC) rating of 

34 for all buildings, and/or require the installation of double-paned windows for 

residences impacted by the Project. 

2. Keep new driveways away from noise sensitive receptors to the extent possible.  

3. Require the use of rubberized asphalt for construction of all roadways and parking areas. 

4. Maintain quality pavement conditions that are free of bumps, pot holes, pavement cracks, 

differential settlement in bridge approaches or individual pavement slabs, etc. 

5. Require resurfacing of roads adjacent to the Project or to be used by the Project. 

Utilities and Service Systems 

The determinations that the Project would not result in significant impacts to utilities and service 

systems is conclusory and unsupported by evidence included with the IS/MND. For example, 

there is no evidence or reasoning showing the existing on-site septic system is sufficient to serve 

the project. There is also no evidence the Mid-Valley landfill has sufficient capacity to 

accommodate the Project. 

There is also no evidence West Valley Water District has determined there will be adequate 

water to serve the Project. No water supply assessment was prepared for this Project, and the 

IS/MND fails to disclose the Project’s project water demand.  There is no evidence the Project 

will not significantly deplete water supplies where any assurances by West Valley Water District 

or evidence supporting those assurances is not provided. A WSA may be needed. 

The additional mitigation measures are available to reduce Project caused water supply impacts: 

1. Use only recycled water for landscaping purposes. Require installation of a recycled 

water line to the Project. 

2. Utilize low water intensive turf or artificial turf.  Minimize the use of turf/ artificial turf 

to recreational areas. 
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3. Install only ultra-low-flow plumbing fixtures in all buildings. 

4. Install only dual flush toilets, which allow users to choose a larger or smaller flush as 

needed. 

5. Require drip irrigation for landscaping where technically feasible. 

6. Require mulching or equivalent organic ground cover to reduce water needs for all 

landscaped areas. 

Cumulative Impacts 

The cumulative impact assessment for this Project is absolutely unacceptable and negligible.  For 

most potential Project effects, cumulative projects were not at all considered.  Where cumulative 

effects were evaluated, only two cumulative projects were considered. There is no evidence that 

limited consideration of just these two cumulative projects is appropriate, particularly for 

impacts to traffic, air quality, and other effects that are larger in scope and which cumulative 

projects from further away may cause individually insignificant to become cumulatively 

considerable.  

Cumulative effects of the Project should be deemed significant for at least traffic, air quality, 

noise, utilities, and GHGs, among others. An EIR is essential to adequately consider such 

impacts.   

Conclusion 

Thank you for your consideration of these comments and the attached material. 

Sincerely, 

 
Raymond W. Johnson 

JOHNSON & SEDLACK 
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RAYMOND W. JOHNSON, Esq., AICP LEED GA 
26785 Camino Seco 
Temecula, CA 92590 

(951) 506-9925 
(951) 506-9725 Fax 

(951) 775-1912 Cellular 
 
Johnson & Sedlack, an Environmental Law firm representing plaintiff environmental 
groups in environmental law litigation, primarily CEQA.  
 
City Planning: 
 

 Current Planning 
 

  Two years principal planner, Lenexa, Kansas (consulting) 

  Two and one half years principal planner, Lee's Summit, Missouri 

  One year  North Desert Regional Team, San Bernardino County 

 Thirty years subdivision design: residential, commercial and industrial  

 Thirty years as applicants representative in various jurisdictions in: Missouri, 
Texas, Florida, Georgia, Illinois, Wisconsin, Kansas and California 

 Twelve years as applicants representative in the telecommunications field 
 

 General Plan 
 

  Developed a policy oriented Comprehensive Plan for the City of Lenexa, 
 Kansas. 

  Updated Comprehensive Plan for the City of Lee's Summit, Missouri.  

  Created innovative zoning ordinance for Lenexa, Kansas. 

 Developed Draft Hillside Development Standards, San Bernardino County, 
CA.  

 Developed Draft Grading Standards, San Bernardino County. 

 Developed Draft Fiscal Impact Analysis, San Bernardino County  
 

 Environmental Analysis 

 

  Two years, Environmental Team, San Bernardino County 
o   Review and supervision of preparation of EIR's and joint EIR/EIS's 
o Preparation of Negative Declarations  
o Environmental review of proposed projects 

  Eighteen years as an environmental consultant reviewing environmental 
 documentation for plaintiffs in CEQA and NEPA litigation 
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Representation: 
 

 Represented various clients in litigation primarily in the fields of Environmental 
and Election law.  Clients include: 

o Sierra Club 
o San Bernardino Valley Audubon Society 
o Sea & Sage Audubon Society 
o San Bernardino County Audubon Society 
o Center for Community Action and Environmental Justice 
o Endangered Habitats League 
o Rural Canyons Conservation Fund 
o California Native Plant Society 
o California Oak Foundation 
o Citizens for Responsible Growth in San Marcos 
o Union for a River Greenbelt Environment 
o Citizens to Enforce CEQA 
o Friends of Riverside’s Hills 
o De Luz 2000 
o Save Walker Basin 
o Elsinore Murrieta Anza Resource Conservation District 
 

 
Education: 
 

 B. A. Economics and Political Science, Kansas State University 1970 

 Masters of Community and Regional Planning, Kansas State University, 1974 

 Additional graduate studies in Economics at the University of Missouri at Kansas 
City 

 J.D. University of La Verne. 1997 Member, Law Review, Deans List, Class 
Valedictorian, Member Law Review, Published, Journal of Juvenile Law 
 

Professional Associations: 
 
o Member,  American Planning Association 
o Member,  American Institute of Certified Planners 
o Member,  Association of Environmental Professionals 
o Member, U.S. Green Building Council, LEED GA 
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Johnson & Sedlack, Attorneys at Law 
26785 Camino Seco 12/97- Present 
Temecula, CA 92590   
(951) 506-9925 
 
Principal in the environmental law firm of Johnson & Sedlack.  Primary areas of practice 
are environmental and election law.  Have provided representation to the Sierra Club, 
Audubon Society, AT&T Wireless, Endangered Habitats League, Center for Community 
Action and Environmental Justice, California Native Plant Society and numerous local 
environmental groups. Primary practice is writ of mandate under the California 
Environmental Quality Act.   

 
Planning-Environmental Solutions 
26785 Camino Seco 8/94- Present 
Temecula, CA 92590   
(909) 506-9825 
 
Served as applicant's representative for planning issues to the telecommunications 
industry.  Secured government entitlements for cell sites.   Provided applicant's 
representative services to private developers of residential projects.  Provided design 
services for private residential development projects.  Provided project management of all 
technical consultants on private developments including traffic, geotechnical,  survey, 
engineering, environmental, hydrogeological, hydrologic, landscape architectural, golf 
course design and fire consultants. 
 
San Bernardino County Planning Department 
Environmental Team 6/91-8/94 
385 N. Arrowhead   
San Bernardino, CA 92415  
(909) 387-4099 
 
Responsible for coordination of production of EIR's and joint EIR/EIS's for numerous 
projects in the county.  Prepared environmental documents for numerous projects within 
the county.  Prepared environmental determinations and environmental review for 
projects within the county.  
 
San Bernardino County Planning Department 
General Plan Team 6/91-6/92 
385 N. Arrowhead   
San Bernardino, CA 92415   
(909) 387-4099 
 
Created draft grading ordinance, hillside development standards, water efficient 
landscaping ordinance, multi-family development standards, revised planned 
development section and fiscal impact analysis.  Completed land use plans and general 
plan amendment for approximately 250 square miles.  Prepared proposal for specific 
plan for the Oak Hills community. 
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San Bernardino County Planning Department 
North Desert Regional Planning Team 
15505 Civic 6/90-6/91 
Victorville, CA   
(619) 243-8245    
 
Worked on regional team.  Reviewed general plan amendments, tentative tracts, parcel 
maps and conditional use permits.  Prepared CEQA documents for projects. 
 
Broadmoor Associates/Johnson Consulting 
229 NW Blue Parkway 

Lee's Summit, MO 64063 
(816) 525-6640 2/86-6/90 
 
Sold and leased commercial and industrial properties. Designed and developed an 
executive office park and an industrial park in Lee's Summit, Mo. Designed two 
additional industrial parks and residential subdivisions.  Prepared study to determine 
target industries for the industrial parks. Prepared applications for tax increment 
financing district and grants under Economic Development Action Grant program.  
Prepared input/output analysis of proposed race track  Provided conceptual design of 
800 acre mixed use development. 
 
Shepherd Realty Co.            
Lee's Summit, MO     6/84-2-86 
                
Sold and leased commercial and industrial properties.  Performed investment analysis on 
properties.  Provided planning consulting in subdivision design and rezoning. 
 
Contemporary Concepts Inc. 
Lee's Summit, MO      9/78-5/84 
Owner   
 
Designed and developed residential subdivision in Lee's Summit, Mo.  Supervised all 
construction trades involved in the development process and the building of homes. 
 
Environmental Design Association 
Lee's Summit, Mo.           
Project Coordinator   6/77-9/78 
 
Was responsible for site design and preliminary building design for retirement villages in 
Missouri, Texas and Florida.  Was responsible for preparing feasibility studies of possible 
conversion projects.  Was in charge of working with local governments on zoning issues 
and any problems that might arise with projects.  Coordinated work of local architects on 
projects.  Worked with marketing staff regarding design changes needed or 
contemplated. 
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City of Lee's Summit, MO 
220 SW Main 
Lee's Summit, MO 64063 
Community Development Director      4/75-6/77 
      
Supervised Community Development Dept. staff.  Responsible for preparation of 
departmental budget and C.D.B.G. budget.  Administered Community Development 
Block Grant program.  Developed initial Downtown redevelopment plan with funding 
from block grant funds.  Served as a member of the Lee's Summit Economic 
Development Committee and provided staff support to them.  Prepared study of available 
industrial sites within the City of Lee's Summit.  In charge of all planning and zoning 

matters for the city including comprehensive plan. 
 
Howard Needles Tammen & Bergendoff 
9200 Ward Parkway 
Kansas City, MO 64114 
(816) 333-4800       5/73-4/75 
Economist/Planner  
 
Responsible for conducting economic and planning studies for Public and private sector 
clients.  Consulting City Planner for Lenexa, KS. 
 
Conducted environmental impact study on maintaining varying channel depth of the 
Columbia River including an input/output analysis.  Environmental impact studies of 
dredging the Mississippi River.  Worked on the Johnson County Industrial Airport 
industrial park master plan including a study on the demand for industrial land and the 
development of target industries based upon location analysis.  Worked on various 
airport master plans.  Developed policy oriented comprehensive plan for the City of 
Lenexa, KS.  Developed innovative zoning ordinance heavily dependent upon 
performance standards for the City of Lenexa, KS. 
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DOCUMENT AVAILABILITY  
 

Electronic copies of this document and related materials can be found at: 
http://www.arb.ca.gov/cc/localgov/ceqa/ceqa.htm.  Alternatively, paper copies may be 
obtained from the Board’s Public Information Office, 1001 I Street, 1st Floor, Visitors and 
Environmental Services Center, Sacramento, California, 95814, (916) 322-2990. 
 
For individuals with sensory disabilities, this document is available in Braille, large print, 
audiocassette or computer disk.  Please contact ARB’s Disability Coordinator at  
(916) 323-4916 by voice or through the California Relay Services at 711, to place your 
request for disability services.  If you are a person with limited English and would like to 
request interpreter services, please contact ARB’s Bilingual Manager at (916) 323-7053. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCLAIMER 
 

This preliminary draft proposal has been reviewed by the staff of the Air Resources 
Board and approved for publication.  Approval does not signify that the contents 
necessarily reflect the views and policies of the Air Resources Board, nor does mention 
of trade names or commercial products constitute endorsement or recommendation of 
use. 
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INTRODUCTION 
 
Climate change is one of the most serious environmental problems facing the world, the 
United States, and California today.  In this State, climate change already is impacting 
our coastlines, water supplies, agriculture, and public health, and putting millions of 
acres of forested land at increased risk of fire.  These adverse effects will only increase 
in number and intensity if we do not promptly and substantially reduce pollution of the 
atmosphere with greenhouse gases (GHGs). 
 
California law provides that climate change is an environmental effect subject to the 
California Environmental Quality Act (CEQA).1  Lead agencies therefore are obligated to 
determine whether a project’s climate change-related effects may be significant, 
requiring preparation of an Environmental Impact Report,2 and to impose feasible 
mitigation to substantially lessen any significant effects.3  Determining significance, 
however, can be a challenging task.  Accordingly, the Governor’s Office of Planning and 
Research in its June 2008 Technical Advisory, “CEQA and Climate Change,”4 asked the 
Air Resources Board (ARB) to make recommendations for GHG-related thresholds of 
significance – identifiable benchmarks or standards that assist lead agencies in the 
significance determination.5 
 
With this Staff Proposal, ARB staff is taking the first step toward developing 
recommended statewide interim thresholds of significance for GHGs that may be 
adopted by local agencies for their own use.  The task that ARB staff is undertaking is, 
however, a limited one.  Staff will not attempt to address every type of project that may 
be subject to CEQA, but instead will focus on common project types that, collectively, 
are responsible for substantial GHG emissions – specifically, industrial, residential, and 
commercial projects.6  ARB staff believes that thresholds in these important sectors will 
advance our climate objectives, streamline project review, and encourage consistency 
and uniformity in the CEQA analysis of GHG emissions throughout the State. 
 
Staff intends to make its final recommendations on thresholds in early 2009, in order to 
harmonize with OPR’s timeline for issuing draft CEQA guidelines addressing GHG 
emissions7 and to provide much needed guidance to lead agencies in the near term.   
 
Public, stakeholder, and local lead agency participation is essential to the success of 
this project.  ARB staff believes that the comment and feedback it receives, along with 

                                            
1 Senate Bill 97, Public Resources Code, § 21083.05. 
2 California Code of Regulations, tit. 14, § 15064, subd. (f)(1). 
3 Id., § 15021, subd. (a)(2). 
4 See: http://opr.ca.gov/download.php?dl=ceqa/pdfs/june08-ceqa.pdf 
5 Id., § 15064.7, subd. (a). 
6 The collective greenhouse gas emissions from the industrial, residential and commercial sectors, 
together with the transportation sector, represent approximately 80% of the statewide greenhouse gas 
emissions inventory in 2004. 
7 See Senate Bill 97, Public Resources Code § 21083.05 (providing that draft guidelines are due June 1, 
2009). 
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additional data and analyses, can form a body of evidence that lead agencies may rely 
on in adopting thresholds of significance consistent with ARB staff’s recommendations. 
 
Because the schedule is expedited, staff’s recommendations must necessarily be 
interim and subject to review and revision as more information becomes available.8 
 
BACKGROUND 
 
Significance Under CEQA 
 
A significant effect on the environment means a substantial, or potentially substantial, 
change in the environment caused directly or indirectly by the project.9  The incremental 
effect of a project can be significant when it is cumulatively considerable – that is, when 
the effect is added to that of other past, present, and reasonably foreseeable probable 
future projects that also contribute to the problem.10 
 
To streamline and facilitate consistency in the significance determination, the CEQA 
Guidelines11 encourage agencies “to develop and publish thresholds of significance that 
the agency uses in the determination of the significance of environmental effects.”12  A 
threshold of significance is an identifiable quantitative, qualitative or performance level 
that marks the division between an impact that is significant and one that is not.  A 
threshold of significance gives rise to a presumption, which can be rebutted by evidence 
that the threshold should not apply to a particular project. 
  
Thresholds of significance must be supported by “substantial evidence.”  This does not 
mean that there is one best threshold.  In CEQA, substantial evidence “means enough 
relevant information and reasonable inferences from this information that a fair 
argument can be made to support a conclusion, even though other conclusions might 
also be reached.”13 
 
Climate Change and GHG Thresholds of Significance 
 
“The capacity of the environment is limited, and it is the intent of the Legislature that the 
government of the state take immediate steps to identify any critical thresholds for the 
health and safety of the people of the state and take all coordinated actions necessary 
to prevent such thresholds being reached.”14  But where should a threshold of 
significance be set for GHG emissions and climate change?  This question can be 
answered only after considering the nature of the environmental problem. 

                                            
8 ARB staff intends to monitor the implementation of thresholds that are adopted as a result of this 
process for effectiveness.  In the same time frame as the update of the AB 32 Scoping Plan, staff intends 
to revisit its recommendations and to modify them if necessary. 
9 California Code of Regulations, title 14, §§ 15064, subd. (d), 15382. 
10 Id., § 15355, subd. (b). 
11 Id., § 15000, et. seq. 
12 Id., § 15064.7, subd. (a). 
13 Id., § 15384, subd. (a). 
14 Public Resources Code, § 21000, subd. (d). 
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There is a scientific consensus that human activities, chief among them the burning of 
fossil fuels, profoundly affect the world’s climate by increasing the atmospheric 
concentration of GHG beyond natural levels.  Contributing additional GHG pollution to 
the atmosphere leads to higher global average temperatures, changes to climate, and 
adverse environmental impacts here in California and around the world.15  Climate 
change, caused by “collectively significant projects taking place over a period of 
time[,]”16 is a quintessential cumulative impact.   
 
The experts tell us that an additional increase in global average temperatures of just     
2 degrees Celsius (3.6 degrees Fahrenheit) is very likely dangerous.17  With a 2 degree 
Celsius increase, disastrous effects become likely, including more extreme and more 
frequent severe weather, more wildfires, greater frequency of droughts and floods, rapid 
and higher sea level rise, and increased habitat destruction and extinctions.18  These 
environmental effects will undoubtedly lead to serious economic, political, and national 
security disruptions. 
 
In order to reduce the risk of dangerous climate change, we must stabilize atmospheric 
levels of GHGes at approximately 450 parts per million (ppm) by mid-century.19  We are 
fast approaching this limit.  Since the beginning of the industrial era, atmospheric 
concentrations of carbon dioxide, the primary GHG, have climbed to their highest point 
in the last half-million years, increasing from just under 300 ppm at the turn of the last 
century, to over 380 ppm today, and rising at about 2 ppm per year.20 
 
In response to the challenge of climate change, California has taken a leadership role 
by committing to reduce its GHG emissions to 1990 levels by 2020 (about a thirty 
percent reduction in business-as-usual emissions in 2020) and to eighty percent below 
1990 levels by 2050.21  The latter target is consistent with the scientific consensus of the 
reductions needed to stabilize atmospheric levels of GHGs at 450 ppm by mid-century.  
Assembly Bill 32, the Global Warming Solutions Act of 2006, codifies the 2020 reduction 
                                            
15 There is a large body of authoritative sources on the causes and current and projected impacts of 
climate change.  An extended discussion of climate change is beyond the scope of this Staff Proposal.  
For additional information, ARB recommends the Fourth Assessment Report by the Intergovernmental 
Panel on Climate Change (IPCC) and, in particular, the IPCC’s “Frequently Asked Questions,” available 
at: http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-faqs.pdf and the 2006 California Climate 
Action Team’s Report to the Governor and Legislature, available at: 
http://www.climatechange.ca.gov/climate_action_team/reports/index.html. 
16 See California Code of Regulations, tit. 14, § 15355, subd. (b). 
17 See IPCC 4th Assessment Report, Working Group II, Summary for Policymakers, Figure 2, available 
at: http://www.ipcc.ch/graphics/graphics/ar4-wg2/jpg/spm2.jpg (chart showing global impacts at various 
temperature increases); California Climate Change Center, Our Changing Climate: Assessing the Risks 
to California (2008) at p. 15, available at http://www.energy.ca.gov/2006publications/CEC-500-2006-
077/CEC-500-2006-077.PDF (chart showing impacts in California at various temperature increases.) 
18 Id. 
19 See IPCC 4th Assessment Report, Working Group III, Summary for Policymakers at p. 17, available at 
http://www.ipcc.ch/pdf/assessment-report/ar4/wg3/ar4-wg3-spm.pdf. 
20 IPPC 4th Assessment Report, Working Group I, Figure FAQ 2.1, available at: 
http://www.ipcc.ch/graphics/graphics/ar4-wg1/jpg/faq-2-1-fig-1.jpg. 
21 Executive Order S-03-05 
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target and charges ARB with development of a Scoping Plan to map out how the State 
will achieve this target, including regulatory, voluntary, and market-based mechanisms 
beginning in 2012.22 
 
There is strong need, however, to aggressively address GHG emissions right now.  The 
pollution we contribute to the atmosphere today will continue to have climate impacts for 
years, decades, and, in some cases, millennia to come.  And the longer we delay in 
addressing the problem, the more we risk being unable to meet our climate objective.  
CEQA provides a mechanism that is independent of AB 32 through which lead agencies 
can begin immediately to reduce the climate change-related impacts of the projects that 
come before them. 
 
What Type of Threshold is Appropriate? 
 
Some have suggested that because of the need for urgent action and the uncertainty of 
the precise “tipping point” for dangerous climate change, any contribution of GHGs to 
the atmosphere may be significant – a so-called “zero threshold.” 
 
ARB staff believes that for the project types under consideration, non-zero thresholds 
can be supported by substantial evidence.  ARB staff believes that zero thresholds are 
not mandated in light of the fact that (1) some level of emissions in the near term and at 
mid-century is still consistent with climate stabilization and (2) current and anticipated 
regulations and programs apart from CEQA (e.g., AB 32, the Pavley vehicle regulations, 
the Renewable Portfolio Standard, the California Solar Initiative, and the commitment to 
net-zero-energy buildings by 2020 (residential) and 2030 (commercial)) will proliferate 
and increasingly will reduce the GHG contributions of past, present, and future projects.  
 
But any non-zero threshold must be sufficiently stringent to make substantial 
contributions to reducing the State’s GHG emissions peak, to causing that peak to occur 
sooner, and to putting California on track to meet its interim (2020) and long-term (2050) 
emissions reduction targets.  ARB staff believes that the preliminary interim approaches 
outlined in this Staff Proposal are consistent with these objectives. 
 
RECOMMENDED THRESHOLDS – CONCEPTUAL APPROACH 
 
ARB staff believes that different GHG thresholds of significance may apply to projects in 
different sectors.  Two primary reasons that sector-specific thresholds are appropriate 
are:  (1) some sectors contribute more substantially to the problem, and therefore 
should have a greater obligation for emissions reductions, and, (2) looking forward, 
there are differing levels of emissions reductions expected from different sectors in 
order to meet California’s climate objectives.  We also believe that different types of 
thresholds – quantitative, qualitative, and performance-based – can apply to different 
sectors under the premise that the sectors can and must be treated separately given the 
state of the science and data.  A sector-specific approach is consistent with ARB’s 

                                            
22 Health and Safety Code, § 38500, et. seq. 
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Proposed Scoping Plan. Consequently, the Staff Proposal takes different, although 
harmonious, approaches to setting thresholds for different sectors. 
 
The attached flowcharts describe ARB staff’s preliminary interim threshold concepts for 
two important sectors:  industrial projects (Attachment A ) and residential and 
commercial projects (Attachment B ).  The objective is to develop thresholds for 
projects in these sectors that will result in a substantial portion of the GHG emissions 
from new projects being subject to CEQA’s mitigation requirement, consistent with a 
lead agency’s obligation to “avoid or minimize environmental damage where feasible.”23 
ARB staff is working on a proposal for an interim approach for thresholds for 
transportation projects and large dairies.  Electricity generation is another sector where 
clarity is needed in the near term.  The California Energy Commission (CEC) recently 
began a public process for identifying an approach for assessing the significance of 
GHG emissions from power plant projects.  CEC staff anticipates concluding that work 
in Spring 2009.24 
 
ARB staff’s proposed recommendations for GHG thresholds address projects for which 
local agencies are typically the CEQA lead agency.  In addition to the CEC, other State 
agencies also serve as lead agencies under CEQA.  ARB is coordinating with these 
State agencies on their approaches to thresholds of significance. 

                                            
 
23 California Code of Regulations, title 14, § 15021. 
24 The CEC adopted an Order Instituting Informational Proceeding on October 8, 2008 to address GHG 
emissions in power plant licensing cases: http://www.energy.ca.gov/ghg_powerplants/notices/2008-10-
06_PROPOSED_GHG_CEQA_OII.PDF. 
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REQUEST FOR PUBLIC COMMENT 
 
ARB staff believes that the concepts in this Staff Proposal can be further developed into 
interim thresholds of significance.  However, staff recognizes that additional analyses 
and data are needed to fill in some of the blanks, and to understand how the thresholds 
will operate in the real world. 
 
Comments on all aspects of the Staff Proposal are encouraged.  In particular, ARB 
seeks the active participation of local lead agencies.  Staff has identified a few 
questions to solicit public comment, but this list is not exhaustive. 

  
• Will the recommended approaches have any unintended consequences, for 

example, encouraging the piecemealing of projects? 
  

• As set out in the attachments to the Staff Proposal, staff proposes to define 
certain performance standards (e.g., for energy efficiency) by referencing or 
compiling lists from existing local, State or national standards.  For some sub-
sources of GHG emissions (e.g., construction, transportation, waste), ARB staff 
has not identified reference standards.  How should the performance standards 
for these sub-sources be defined? 

 
• Are any of the industrial, residential, or commercial project types eligible for 

categorical exemptions likely to contribute more significantly to climate change 
than staff’s preliminary analysis indicates? 

  
• For residential and commercial projects, staff has proposed that the GHG 

emissions of some projects that meet GHG performance standards might under 
some circumstances still be considered cumulatively considerable and therefore 
significant.  What types of projects might still have significant climate change-
related impacts? 
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No 

Presumpt ion of l ess than significan t impacts related to climate change  
 

2. (a) The project meets both of the below minimum 
performance standards, or includes equivalent 
mitigation measures:  

 
Construction 

• Meets an interim ARB performance standard for 
construction-related emissions. 

 
Transportation 

• Meets an interim ARB performance standard for 
transportation. 

 
AND 

 
(b) The project, with mitigation, will emit no more than 

~7,000 metric tons CO2e/yr from non-transportation-
related GHG sources (which addresses ~90% of 
industrial sector GHG emissions). Includes:  

• Combustion-related components/equipment; 
• Process losses (fugitive, working, evaporative, etc.);   
• Purchased electricity; and 
• Water usage and wastewater discharge 

 

3. Project will have significant GHG 
impacts. An EIR must be prepared 
and all feasible GHG mitigation 
measures implemented. 

Presumption of significant 
impacts related to climate change 
 

Yes 
 

Yes 

 

1. The project is exempt 
under existing statutory or 
categorical exemptions.  

Yes 
 

No 

ATTACHMENT A  
Preliminary Draft Proposal for Industrial Projects  
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Preliminary Draft Proposal for Industrial Projects 
 
Introduction 
 
CEQA guidelines provide that thresholds of significance can be qualitative, 
quantitative, or in the form of performance standards.  ARB staff’s objective is to 
develop a threshold of significance that will result in the vast majority (~90% 
statewide) of the greenhouse gas (GHG) emissions from new industrial projects 
being subject to CEQA’s requirement to impose feasible mitigation.  ARB staff 
believes this can be accomplished with a threshold that allows small projects to 
be considered insignificant.  ARB staff used existing data for the industrial sector 
to derive a proposed hybrid threshold.  The threshold consists of a quantitative 
threshold of 7,000 metric tons of CO2 equivalent per year (MTCO2e/year) for 
operational emissions (excluding transportation), and performance standards for 
construction and transportation emissions.   
 
The goal of this effort is to provide for the mitigation of GHG emissions from 
industrial projects on a statewide level.  Over time, implementation of AB 32 will 
reduce or mitigate GHG emissions from industrial sources.  Once such 
requirements are in place, they could become the performance standard for 
industrial projects for CEQA purposes.  ARB staff intends to pursue this 
approach in conjunction with development of the regulatory requirements for 
industrial sources in the Proposed AB 32 Scoping Plan.  Staff is proposing the 
use of a quantitative significance threshold at least until such time that 
performance standards, such AB 32 regulatory requirements, are in place to 
ensure mitigation of significant impacts of GHG emissions from projects in the 
industrial sector. 
 
The performance standards are largely self explanatory and similar to the 
approaches proposed for residential and commercial projects.  The method for 
deriving the quantitative aspect of the threshold warrants further explanation. 
 
Technical foundation for proposed quantitative aspect of the threshold 
 
Based on the available data, ARB staff found that for the industrial sector, small 
projects – defined as the portion of new projects that, when viewed collectively, 
were responsible for only a relatively small amount of emissions – could be 
allowed to proceed without requiring additional mitigation under CEQA.  The 
question for ARB staff was what line divides these small projects from the rest of 
the projects that should undergo mitigation to achieve the larger environmental 
objective. 
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ARB decided to construct a representative small project and to estimate that 
project’s expected emissions.  First, ARB considered the common sub-sources of 
GHG emissions in the industrial sector.  The four main broad emission categories 
and their approximate statewide contribution to GHG emissions from industrial 
facilities other than power plants are:  
 

Category MMTCO2e/year  Percent (%) 
Combustion processes 70 63 % 
Process Losses (evaporative, fugitive, working, etc.) 15 13 % 
Purchased Electricity 18 17 % 
Water Use and Wastewater Treatment 7 7 % 
 
As the table indicates, GHG emissions from industrial sources are dominated by 
combustion emissions.  To ensure that significant industrial emissions would be 
captured by the proposed threshold, ARB staff evaluated industrial boilers 
because they are a very common piece of equipment, are essential in many 
energy-intensive industries, and are a top contributor to industrial combustion 
emissions. 
 
A recent comprehensive survey of industrial boilers by Oak Ridge National 
Laboratory25 found that boilers with an input capacity of 10 MMBtu/hr or greater 
correspond to 93 percent of total industrial boiler input capacity.  Based on this 
data, ARB staff used a natural gas boiler input capacity benchmark of 10 
MMBtu/hr which equates to emissions of 4,660 MTCO2e/yr.  This capacity 
benchmark defines a significant combustion source. 
 
As shown in the above table, combustion processes account for 63 percent of 
the statewide GHG emissions from industrial facilities.  Process losses, 
purchased electricity, and water use and water treatment account for the 
remaining 27 percent of emissions.  Staff applied these proportions to the 
benchmark combustion emissions estimate (4,660 MTCO2e/yr).  The result is an 
overall emissions estimate of approximately 7,000 MTCO2e/yr for a 
representative small project that accounts for the four main categories in the 
table above. 
 
Based on the available data, staff believes that the 7,000 MTCO2e/year 
benchmark can be used to effectively mitigate industrial projects with significant 
GHG emissions.   
 

                                            
25 Characterization of the U.S. Industrial/Commercial Boiler Population, Energy, and 
Environmental Analysis, Inc. submitted to Oak Ridge National Laboratory, available at:: 
http://ww.eea-inc.com/natgas_reports/BoilersFinal.pdf.  
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(October 24, 2008) 11 Presumption of less than significant impacts related to climate change 

No 

Yes 

Yes 
2. The project complies with a 
previously approved plan that 
addresses GHG emissions, satisfies 
(15064(h)(3)), and has all of the 
following attributes: 
  

• Meets a community level GHG 
target consistent with the statewide 
emissions limit in AB 32 and, where 
the plan will apply beyond 2020, 
Executive Order S-3-05; 

• Is consistent with a transportation-
related GHG reduction target 
adopted by ARB pursuant to SB 
375.  

• Includes a GHG inventory and 
mechanisms to regularly monitor 
and evaluate emissions; 

• Includes specific, enforceable GHG 
requirements; 

• Incorporates mechanisms that allow 
the plan to be revised in order to 
meet targets; and 

• Has a certified final CEQA 
document (see 15152(f)). 

 
 

Yes Presumption of significant 
impacts related to climate 

change 

4. Project will have significant 
GHG impacts. An EIR must be 
prepared and all feasible GHG 
mitigation measures implemented.   

No 

Yes 

No 

3. (a) The project meets all of the below 
minimum performance standards, or 
includes equivalent mitigation measures. 

 
Construction 

• Meets an interim ARB performance 
standard for construction-related 
emissions; 

 
Operations  

• Meets an energy use performance 
standard defined as CEC’s Tier II 
Energy Efficiency goal; 

• Meets an interim ARB performance 
standard for water use; 

• Meets an interim ARB performance 
standard for waste; 

• Meets an interim ARB performance 
standard for transportation; 

 
AND 

 
(b) The project, with performance standards 

or equivalent mitigation, will emit no 
more than X metric tons CO2e/yr 
(criteria to be developed). 

1. The project is exempt 
under existing statutory or 
categorical exemptions.  

ATTACHMENT B  
Preliminary Draft Proposal for Residential and Commercial Projects  
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Preliminary Draft Proposal for Residential and Commercial Projects 
 
Introduction 
 
CEQA guidelines provide that thresholds of significance can be qualitative, 
quantitative, or in the form of performance standards.  ARB staff's objective is to 
develop a threshold for residential and commercial projects that will substantially 
reduce the greenhouse gas (GHG) emissions from new projects and streamline 
the permitting of carbon-efficient projects.  To achieve this, staff’s preliminary 
recommendation is to develop a threshold based on clear and stringent 
performance standards.  
 
Performance standards will address the five major emission sub-sources for the 
sector: energy use, transportation, water use, waste, and construction.  For the 
energy use performance standard, staff recommends reliance on the California 
Energy Commission’s (CEC) Tier II Energy Efficiency standards for solar energy 
incentive programs.  These standards are consistent with what is needed to meet 
the state’s goal of zero net energy buildings and are continuously updated to 
reflect energy efficiency best practices.  For the remaining sub-sources (water, 
waste, etc.), staff intends to compile benchmark performance standards as part 
of its final threshold recommendation.  Projects may alternatively incorporate 
mitigation equivalent to these performance standards.          
 
Staff recognizes that a substantial body of measures to address GHG emissions 
exists through programs like LEED, GreenPoint Rated, and the California Green 
Building Code.  As work on performance standards moves forward, staff intends 
to make use of these projects.   
 
In addition, staff proposes that a presumption of non-significance apply only to 
projects whose total net emissions, after meeting the performance standards or 
equivalent, are below a specified level.  Staff proposes to develop this emissions 
level as part of its final threshold recommendation.  
 
Discussion of Flow Chart 
 
Box 1: In general, categorical exemptions will continue to apply. 
 
Based on its preliminary analysis, ARB staff believes that projects described in 
CEQA’s categorical and statutory exemption provisions (Articles 18 and 19 of the 
California Code of Regulations, title 14) will not interfere with achieving the 
objective to minimize emissions from new projects in this sector.  GHG emissions 
from residential and commercial projects that are described in the categorical 
exemption language appear to be relatively small from a GHG perspective.  For 
example, staff’s preliminary analysis indicates that emissions from a project 
qualifying for the statutory infill project exemption (Cal. Code Regs., tit. 14,          
§ 15195) will emit approximately 1,600 metric tons (MT)CO2e/yr.  Staff believes 
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such infill projects represent some of the largest projects described in the 
exemption provisions.  ARB staff expects to provide additional analyses to 
support a lead agency’s determination that the GHG impact of these project 
types is less than significant.  Staff invites the public and stakeholders to provide 
further evidence on the application of categorical exemptions to residential and 
commercial projects. 
 
Box 2: If GHGs are adequately addressed at the programmatic level, the 
impact of certain individual projects can be found to be insignificant. 

 
As OPR noted in its June 2008 Technical Advisory: 
 

CEQA can be a more effective tool for greenhouse gas emissions analysis 
and mitigation if it is supported and supplemented by sound development 
policies and practices that will reduce greenhouse gas emissions on a 
broad planning scale and that can provide the basis for a programmatic 
approach to project-specific CEQA analysis and mitigation….  For local 
government lead agencies, adoption of general plan policies and 
certification of general plan EIRs that analyze broad jurisdiction-wide 
impacts of greenhouse gas emissions can be part of an effective strategy 
for addressing cumulative impacts and for streamlining later project-
specific CEQA reviews. 

 
ARB staff encourages local agencies to take advantage of a programmatic 
approach to address climate change, consistent with existing law. 
 
If a project complies with the requirements of a previously adopted GHG 
emission reduction plan or mitigation program that satisfies California Code of 
Regulations, title 14, section 15064(h)(3), and includes the attributes specified in 
that provision and Box 2, the lead agency may determine that the project’s GHG 
impacts are less than significant with no further analysis required.  Examples of 
plans that may satisfy this provision include Climate Action Plans incorporated 
into General Plans that have inventories, an emissions target, suites of specific 
and enforceable measures to reach that target, monitoring and reporting, and 
mechanisms to revise the plan to stay on target.  Moreover, a prior EIR that 
“adequately addressed” climate change may be used for tiering purposes.  (See 
Cal. Code Regs. tit. 14, § 15152.) 
 
Box 3: Projects that meet performance standards, or include equivalent 
mitigation, can be found to be insignificant. 
 
The threshold incorporates performance standards requiring carbon efficiency for 
each major sub-source of emissions from projects in these sectors.  Provided 
they are set at a sufficiently stringent level, performance standards will 
dramatically reduce GHG emissions and promote a transition toward zero and 
low emission projects.  In most cases, ARB staff expects that performance 
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standards will need to reach beyond current State mandates by a substantial 
amount, given that GHG emission reduction goals have not yet been adequately 
incorporated into State programs.  Staff anticipates that performance standards 
will become more stringent over time.   
 
ARB staff has identified the California Energy Commission’s Tier II Energy 
Efficiency goals as an appropriate performance standard for energy use.  Under 
State law, the CEC is required to establish eligibility criteria, conditions for 
incentives, and rating standards to qualify for ratepayer-funded solar energy 
system incentives in California.  As part of this effort, the CEC establishes energy 
efficiency standards for homes and commercial structures, and requires new 
buildings to exceed current building standards by meeting Tier Energy Efficiency 
goals.  CEC’s Tier II Energy Efficiency goals will continue to be updated to 
achieve energy efficiency best practices, and are consistent with what is needed 
to meet the California Public Utilities Commission Strategic Plan goals of zero net 
energy buildings.  Currently, the CEC’s proposed guidelines for the solar energy 
incentive program recommend a Tier II goal for residential and commercial 
projects of a 30 percent reduction in building combined space heating, cooling, 
and water heating energy compared to the 2008 Title 24 Standards.26   
 
For the remaining sub-sources, staff intends to compile benchmark performance 
standards as part of its final threshold recommendation.  ARB staff believes that 
existing progressive green building standards provide a starting point for 
performance standards for transportation, water use, waste, and construction- 
related emissions.  Existing green building rating systems like LEED, GreenPoint 
Rated, the California Green Building Code, and others, contain examples of 
measures that are likely to result in substantial GHG emission reductions from 
residential and commercial projects.  The key to this approach will be identifying 
effective GHG reduction measures within these systems.  ARB staff would like 
input from the public and stakeholders on appropriate performance standards for 
these sub-sources.  Performance standards that already exist and have been 
proven to be effective – at the local, State, national or international level – are 
preferable.  
 
Under staff’s proposed approach, lead agencies would be allowed to find that a 
project’s mitigation is “equivalent” to identified performance standards, thereby 
allowing for cost-effective and innovative approaches to reducing GHG 
emissions.   
 
Staff believes that under some circumstances, projects that meet performance 
standards or include equivalent mitigation measures will have impacts that may 
still be cumulatively considerable and therefore significant.  For this reason, staff 
recommends that, in addition to meeting performance standards or including 

                                            
26 Guidelines for California's Solar Electric Incentive Program Pursuant to Senate Bill 1 - 
SECOND EDITION - Draft Guidelines can be found at: 
http://www.energy.ca.gov/2008publications/CEC-300-2008-007/CEC-300-2008-007-D.PDF 
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equivalent mitigation measures, a project must also emit no more than “X” 
MTCO2e/yr.  Criteria for determining this emissions level have yet to be defined.  
ARB requests public and stakeholder input on what types of projects might still 
have significant climate change-related impacts. 
 
Box 4: Presumption of significant impacts. 
 
If a project cannot meet the requirements in the previous boxes, it should be 
presumed to have significant impacts related to climate change. The lead agency 
must then prepare an EIR, or other appropriate document, and implement all 
feasible GHG mitigation measures. 
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FOREWORD 
 
Since its inception in 1997, AQMD’s Environmental Justice (EJ) program has sought to identify and 
address local air quality issues, such as those brought to the agency’s attention at Town Hall 
events and community meetings.  Such issues have included concerns that the District’s existing 
permitting, rules, and clean fleet control programs may need enhancements to better address 
multiple exposures, as experienced in or near urban industrial settings, including those operating in 
or near low-income communities of color. 
 
The phrase “cumulative air quality impacts” is often used to describe possible health and nuisance 
impacts potentially related to a given neighborhood’s cumulative emissions from sources that 
individually comply with AQMD, state, and federal rules.  As such, cumulative impacts discussed in 
the White Paper go beyond those covered under CEQA.  In neighborhoods near a relatively large 
number of industrial facilities, or located near heavy cross-town traffic, for example, there is 
concern about the accumulated effects of numerous emission sources operating within a limited 
area, particularly as related to air toxics, and when the group of sources is near residences, 
schools, or other sensitive receptors. 
 
This White Paper is intended to present a forward-looking comprehensive strategy of how the 
AQMD intends to identify and further address cumulative impacts of air pollution, so that all 
communities in the South Coast receive equitable treatment and attention as to their local air 
quality concerns.  The AQMD also intends to ensure fair and consistent treatment of local 
businesses as it carries out this facet of environmental justice. 
 
This paper points out potential ways to achieve more substantial progress in public health 
protection.  It describes a basic, reasoned approach and lays out a number of tools that staff 
believes can lay a valuable foundation for this emerging effort;  the implementation tools will be 
developed in more detail upon Governing Board direction, and in conjunction with ongoing working 
group input.  The strategies outlined will directly or indirectly contribute to addressing cumulative 
impacts.  For example, some measures are designed to address localized impacts, which are likely 
to also address cumulative impacts, while other strategies are more for reducing cumulative 
impacts.  The paper also outlines areas requiring more research, and makes suggestions on how 
to carry this out.  Some elements (e.g., MATES II), are parts of other EJ initiatives or Board 
directives. 
 
This White Paper is a starting point, developed with input from the Cumulative Impacts Working 
Group, whose members have spent much time and energy in contributing their expert knowledge, 
experience, and suggestions to this pathfinding effort.  Input was also incorporated from five 
Community Forums held throughout the four-county region in June and July, and three community 
meetings in August.  The report however, represents the AQMD staff’s recommendations in this 
important area of air quality management. 
 
This White Paper is intended as a policy document.  With the Governing Board’s direction, staff will 
proceed to work with stakeholders through working groups and a full public process to develop 
individual proposed rules and policies for the Board’s consideration.  Addressing cumulative air 
quality impacts should not be viewed as a means to prohibit growth or to interfere with local land 
use decisions.  AQMD staff will work with local agencies in a partnership, by providing information 
and technical assistance relative to their critical role in land use and mitigation measures. 
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EXECUTIVE SUMMARY 
 
This report is an outgrowth of the following South Coast Air Quality Management District (AQMD) 
Governing Board actions: 
 

• October 1997 adoption of ten Environmental Justice (EJ) Initiatives; 

• September 2002 approval of enhancements to the EJ program for the Fiscal Year 2002-2003, 
including a directive to staff to report back on the feasibility of rulemaking to address 
cumulative impacts of air toxics beyond current AQMD requirements; and 

• January 10, 2003 direction to staff to report back to the Board with a White Paper on regulatory 
and policy options for addressing cumulative impacts from air pollution emissions, including 
recommendations and schedule.  At the January 10th meeting, staff also recommended a work 
plan that entailed creation of a Cumulative Impacts Working Group and a planned update to 
the second Multiple Air Toxics Exposure Study (MATES II). 

 
Addressing cumulative impacts is a very complex issue.  The working group process, which included a 
facilitator, was very helpful to staff in the development of the recommended approaches.  The Working 
Group met seven times to discuss a program to reduce cumulative impacts from air pollution.  This White 
Paper presents staff’s recommendations regarding options for assessing cumulative impacts from sources 
of air pollution.  It includes consideration of input received from the California Air Resources Board (CARB), 
U.S. Environmental Protection Agency (EPA), local government representatives, industry, and 
environmental and community groups on the Working Group, as well as input received from five 
Community Forums.  Key policy issues addressed during the working group process include, but were not 
limited to: 
 

• scope of the program (i.e., stationary and/or mobile sources; cancer and/or non-cancer health 
effects; and including particulate emissions); 

• defining areas of concern for specific actions to reduce cumulative exposures, and 

• potential approaches to address cumulative impacts. 
 

Definitions 
 
For the purposes of developing a program to address cumulative impacts from air pollution emissions, the 
AQMD staff will rely upon the definition of Environmental Justice that was approved by the Governing 
Board in October 1997:   
 

Environmental Justice means the equitable environmental policymaking and enforcement to 
protect the health of all persons who live or work in the AQMD, regardless of age, culture, ethnicity, 
gender, race, socioeconomic status, or geographic location, from the health effects of air pollution. 

 
Under the subject of Environmental Justice, definitions of cumulative impact were extensively discussed by 
the Working Group.  A cumulative impact can be defined in many ways and it is therefore difficult to arrive 
at a single definition that fits all circumstances.  Cumulative impacts can be regional, as well as localized or 
neighborhood level.  Estimated risks from air toxic measurement at 10 monitoring stations for residents of 
the South Coast Air Basin (Basin) are ~1,400 in a million (based on a range from about 1,120 in a million to 
about 1,740 in a million), with some areas experiencing higher risks.  Reducing emissions throughout the 
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Basin would decrease the overall risk on a regional basis and will lower neighborhood risks by varying 
degrees, depending on the localized circumstances.   
 
The following definition of a cumulative air pollution impact, while not a consensus of the Working Group 
members, attempts to recognize their viewpoints and develop a working definition: 
 

A cumulative air pollution impact is an adverse health effect, risk or nuisance from exposure to 
pollutants released into the air from multiple air pollution sources.   
 

Further refinement or variation of this definition may be needed in the future when a specific regulation or 
policy is formulated.  Reference to “air pollution” under this working definition is intended to include not only 
air toxics, but criteria pollutants, such as particulates, and nuisances (e.g., odors).   
 

Cumulative Impacts Reduction Strategy (CIRS) 
 
At the start of the process, to stimulate discussions, staff introduced four design principles that were 
factored into the working group process:  no redlining (e.g., defining an acceptable/unacceptable 
geographical area based on level of risk); not interfering with local land use decisions, but making more 
comprehensive air quality information available to decision makers; reasonable decision-making time frame 
for CEQA analysis and permits; and resource considerations and regulatory certainty. 
 
Based on the design criteria and early discussions of the working group, staff developed a list of initial 
options for addressing cumulative impacts for working group comments.  Industry and 
environmental/community representatives were asked to provide design criteria and options.  Staff then 
evaluated the options in an attempt to examine feasibility and to identify where efforts should be prioritized.  
Several information sources, most notably, MATES II, year 2000 census data, and health care data were 
examined in an attempt to identify potentially high cumulative impact areas. 
 
Section IV discusses MATES II, census data, and health care information, while Section V outlines the 
positions and interests of key stakeholder groups.  Staff carefully considered the information, as well as the 
viewpoints expressed by stakeholders, and has the following recommendations: 
 

Approach 
 
The overall approach in addressing cumulative impacts will include several key features: 

 

• Build on existing State Implementation Plan (SIP) programs that address criteria 
pollutants; 

• Start with existing known information (i.e., MATES II) to address cumulative impacts of air 
toxics; 

• Identify high cumulative impact areas and develop effective solutions accordingly; and 

• Continue to develop/refine technical databases and tools. 
 

Staff will rely on implementation of the most recently approved Air Quality Management Plan (AQMP) (i.e., 
2003) to address criteria pollutants by expeditiously implementing the approved plan. 
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Scope 
 
After consideration of information and comments from the Working Group members and from Community 
Forums, staff recommends that the scope of CIRS include the following areas: 

 

• Cancer risk; 

• Hazard Index from non-cancer risk sources; 

• Odors; and 

• Enforcement. 
 

The proposed control strategies incorporate these elements. 
 

High Impact Areas 
 
After examining MATES II modeling data and incorporating input from stakeholders, staff is recommending 
that modeled cancer risks be ranked according to mobile and stationary source contribution separately.  
The ranking provides a priority list to characterize source contribution and identify solutions to address 
cumulative impacts.  MATES II models cancer risk in grid cells of 1 km x 1 km.  Staff recommends that the 
approach for  investigating potential high impact areas start with the top 100 grid cells with the highest 
mobile source impacts and another top 100 grid cells with the highest stationary source impacts.  As a 
result, there will be a total of 200 grid cells analyzed, which may have some overlapping areas, but will be 
examined separately.  Total mobile and stationary source contributions need to be examined separately 
because the nature of the sources and possible solutions are different.  Cumulative impacts can be 
addressed for localized areas, depending on the nature of the sources in that situation.  These top 100 grid 
cells, each for total mobile or stationary sources, represent the approximate top 1 percent of risks from all 
grid cells in the MATES II study.  The top 100 grid cells should not be viewed as a cut-off point for defining 
high cumulative impact areas.  Rather it serves as guidance to prioritize staff resources.  The intent is to 
work through the ranking (not necessarily limited to the top 100 cells) to evaluate individual circumstances, 
and to develop solutions accordingly.  It is not staff’s intent to prohibit growth in the high impact areas 
identified.  This prioritization should be re-examined in future ATCP updates once staff gains more 
experience in addressing the cumulative impact issues and when additional technical information and tools 
become available. 
 

Key Elements 
 
Addressing the cumulative impacts associated with exposure to air toxics requires a multi-faceted approach 
comprised of short- and long-term strategies.  AQMD staff’s suggested approach consists of three major 
components: 
 

• a set of early action control strategies for immediate development and implementation; 

• revisions to Air Toxic Control Plan (ATCP) 
- addendum to the March 2000 ATCP; and 
- periodic updates; and  

• a planned update to the Multiple Air Toxics Exposure Study, or conduct MATES III. 
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Figure EX-1 is a graphical representation of what is proposed under each component.  Early-action 
strategies are those for which there is sufficient information for development and that can be implemented 
within 2 to 3 years.  The ATCP Addendum will be completed by the end of 2003 and will contain additional 
strategies that can be developed and implemented in 3 to 5 years.  The ATCP is expected to be updated 
periodically following a similar schedule as the Air Quality Management Plan (AQMP) to reflect the latest 
technical information and analytical methodology.  The third component, MATES III, is already in the 
planning stages and is anticipated to be completed in approximately 1 ½ years, starting 2nd Quarter 2004.  
For a more detailed description of the suggested strategies that have been conceptualized, the reader is 
referred to Section IV of this White Paper. 
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Cumulative Impacts Reduction Strategy 

Early-Action Control Strategies 

Air Toxic Control Plan Process 

MATES III 

Start 2003-2004 
Fiscal Year 
 
• Utilize scientific 

review panel and 
public input 

 
• Revise list of TACs 

to sample 
 
• Select micro-scale 

sites 
 
• Approximately 1 ½ 

years to complete, 
sampling to start 2nd 
quarter 2004 

Recommended for Immediate Development 
 
• Control Strategies (Rules) 
o Back-up Diesel Generators (No. 1) 
o New Source Review, Rule 1401 (No. 2) 
� New and relocated facilities near existing 

schools and possibly other sensitive receptors 
� More stringent risk requirements 

o Yard Hostlers at Ports, Rail Yards, & Distribution 
Centers (No. 3) 

o Chromium Spray Coating Operations (No. 4) 
o Private Fleet Rule Development (No. 5) 

• Control Strategies (Policy) 
o Increased Compliance Assurance for Repeat 

Emission Violators (No. 6) 
o Prioritize Resources for CEQA Document 

Review in High Cumulative Impact Areas (No. 7) 
o Voluntary AQMD/Local Government/Public 

Agency Partnership (No. 8) 
o Governing Board Resolution to CARB (No. 9) 

• Nuisance Strategy 
o Pilot Odor Abatement Program (No. 10) 

Addendum by End of 2003, Periodic Updates 
 
• Improve Emissions Inventory, Data, & Tools 
• Improve Modeling Tools 
• Health Based Criteria 
o Cancer & Non-cancer 
o Asthma 

• Evaluate High Cumulative Impact Areas 
• Control Strategies (Rules) 
o Mobile 
� Truck Idling (No. 11) 
� Train Idling (No. 12) 
� Marine and Airport Operations (No. 13) 

o Stationary Source 
� More Stringent Requirements for Rule 1402 Sources Near Existing 

Schools and Possibly Other Sensitive Receptors (No. 14) 
� More Stringent Air Toxic Source-Specific Requirements for 

Existing Sources Located Near Existing Schools and Possibly Other 
Sensitive Receptors (No. 15) 

� Neighborhood Air Toxic Abatement Fund (No. 17) 
� Additional Controls for Arsenic (No. 18) 
� Additional Controls for Auto-Body Shops (No. 19) 

o ARB Component (No. 23) 
o U.S. EPA Component (No. 24) 

• Control Strategies (Policy) 
o Diesel Traffic Flow Control (No. 20) 
o Analysis and Mitigation for Sources Contributing to High Health 

Risks (Cancer and Non-Cancer) (No. 21) 
o Develop and Launch Pollution Prevention (No. 16) 
o Increased/Targeted Funding for Disproportionately Impacted Areas 

(No. 25) 
• Nuisance Strategy 
o Odor Abatement for Existing Facilities (No. 22) 

63 of 900

63 of 900



Cumulative Impacts  
 

AQMD 6 August 2003 

I. INTRODUCTION 
 
In October 1997, the South Coast Air Quality Management District (AQMD) Governing Board adopted a 
series of ten Environmental Justice Initiatives, along with four Guiding Principles, to address the potential 
adverse health effects of air pollution, including air toxics, and set forth a strategy to help ensure that clean 
air benefits are accorded to all residents and communities of the South Coast Air Basin (Basin).  These 
Initiatives have helped identify and address potential areas of the AQMD’s jurisdiction where citizens may 
be disproportionately impacted by air pollutants.  Potential adverse public health impacts from cumulative 
emissions exposure, particularly from air toxics, are an environmental justice (EJ) concern.  In September 
2002, the Governing Board approved enhancements to the EJ program for the Fiscal Years 2002-2003.  
Addressing concerns about cumulative emission impacts is a key objective of the EJ program 
enhancements.  An outgrowth of these enhancements was a Governing Board directive to staff to report 
back on the feasibility of rulemaking to address cumulative impacts of air toxics beyond current AQMD 
requirements.   
 
On January 10, 2003, staff reported to the Governing Board on the initial investigation into the development 
of a cumulative impacts program.  Also presented at that meeting was a proposal to develop a White Paper 
on regulatory and policy options for addressing cumulative impacts from air pollution emissions, including a 
work plan that entailed creation of a working group, development of a White Paper, and a planned update 
to the second Multiple Air Toxics Exposure Study (MATES II).  The Board directed staff to report back to 
the Board with a White Paper containing recommendations and schedule. 
 
Addressing cumulative impacts is a very complex issue.  There are many factors that contribute to areas of 
higher impact in the Basin.  Land use decisions, some made decades ago, prevalence of freeways and 
other transportation corridors, density and types of businesses, and local meteorology are some of these 
factors.  Mobile source emissions continue to be the predominant contributor to regional cancer risk in the 
Basin.  Cumulative impacts are somewhat difficult to define and assess.  Stakeholders in the working group 
had divergent viewpoints with respect to what indicators should be used to address cumulative impacts and 
what approaches are needed.  There are data limitations, as well.  AQMD has an extensive air monitoring 
program and has the benefit of MATES II, an extensive toxic monitoring and modeling effort.  However, 
there are knowledge gaps where additional information on air pollution emissions and exposures would be 
beneficial. 
 
The working group process, which included a facilitator, was very helpful to staff in the development of the 
recommended approaches.  The Working Group met seven times to discuss a program to reduce 
cumulative impacts from air pollution.  This White Paper presents staff’s recommendations regarding 
options for assessing cumulative impacts from sources of air toxics.  It includes consideration of input 
received from the California Air Resources Board (ARB), U.S. Environmental Protection Agency (EPA), 
local government representatives, industry, and environmental and community groups on the Working 
Group, as well as input from five Community Forums.  Key policy issues addressed during the working 
group process include, but were not limited to, scope of the program (i.e., stationary and/or mobile sources; 
cancer and/or non-cancer health effects; and particulate emissions), defining high impact areas for specific 
actions to reduce cumulative exposures, and potential approaches to address cumulative impacts. 
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II. DEFINITIONS 
 
For the purposes of developing a program to address cumulative impacts from air pollution emissions, the 
AQMD staff will rely upon the definition of Environmental Justice that was approved by the Governing 
Board in October 1997:   
 

Environmental Justice means the equitable environmental policymaking and enforcement to 
protect the health of all persons who live or work in the AQMD, regardless of age, culture, ethnicity, 
gender, race, socioeconomic status, or geographic location, from the health effects of air pollution. 

 
Under the subject of Environmental Justice, the definition of cumulative impact was extensively discussed 
by the Working Group.  A cumulative impact can be defined in many ways and it is therefore difficult to 
arrive at a single definition that fits all circumstances.  Cumulative impacts can be regional, as well as 
localized or neighborhood.  Estimated risks from air toxic measurement at 10 monitoring stations for 
residents of the Basin are ~1,400 in a million (based on a range from about 1,120 in a million to about 
1,740 in a million), with some areas experiencing higher risks.  Reducing emissions throughout the Basin 
would decrease the overall risk on a regional basis and will lower neighborhood risks by varying degrees, 
depending on the localized circumstances.   
 
Definitions were discussed at several Working Group meetings.  This was important to different 
stakeholders because the definitions would help frame the policy discussions and recommendations.  The 
environmental and community groups were interested in ensuring that the definition of cumulative impacts 
would not be restrictive with respect to needing to prove harm before addressing an impact.  These groups 
also stressed that cumulative impacts are not just related to air pollution, but include other media, such as 
water pollution, and ingestion. 
 
It was important to industry representatives that the definition of cumulative impact not result in using 
resources where there was not a nexus demonstrated between pollution sources and health effects.  For 
example, emissions may not result in an adverse impact if the compound is emitted in low amounts or has 
low toxicity.  The following definition proposed by the AQMD staff, while not a consensus, attempts to 
recognize these view points and develop a working definition. 
 

A cumulative air pollution impact is an adverse health effect, risk or nuisance from exposure to 
pollutants released into the air from multiple air pollution sources.   
 

Further refinement or variation of this definition may be needed in the future when a specific regulation or 
policy is formulated.  Reference to “air pollution” under this working definition is intended to include not only 
air toxics, but criteria pollutants, such as particulates, and nuisances (e.g., odors).   
 
III. BACKGROUND 
 
Currently, cumulative impacts are indirectly reduced through the application of existing programs at the 
federal, state, and local level.  The State Implementation Plan (SIP) addresses criteria pollutants and the 
California Health and Safety Code covers nuisances.  Control of air toxics is addressed in a variety of 
programs as described below. 
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For air toxics, it is generally assumed by the scientific community that there is no safe level or threshold 
that can be set relative to cancer risk regardless of the source. The AQMD has very limited jurisdiction over 
mobile sources and therefore its rules and regulations are primarily geared toward stationary and area 
sources only. Historically, jurisdiction for reducing mobile source (e.g., motor vehicles, diesel trucks, trains, 
ships, and aircraft) emissions, and therefore risk contribution, primarily falls to both state and federal levels 
of government, whereas localized reduction of stationary sources falls to the local level.  The regulatory 
structure for addressing new or modified stationary sources is to require best available control technology 
(BACT) for air toxics, or T-BACT.  Relative to existing sources, risk reductions are sought via rules and 
regulations, considering technical feasibility and cost. 
 
AQMD’s current regulatory program has five principle programs for addressing air toxics.   
 

• Rule 1401 – New Source Review of Toxic Air Contaminants is equipment-specific and limits 
incremental increases in public health risk from new projects and modifications to existing 
equipment/processes; 

• Rule 1402 – Control of Toxic Air Contaminants from Existing Sources is facility-specific and 
requires reduction of risk and public notification under certain conditions; 

• California Environment Quality Act (CEQA) is project-specific and requires public disclosure and 
mitigation measures, as necessary, to limit risk; 

• Multiple Air Toxics Exposure Study (MATES) is regional and utilizes actual monitored and 
modeling data to estimate emissions and risk in the Basin; and 

• Air Toxics Control Plan is regional and utilizes MATES data in developing recommendations for 
source-specific and air toxic rules, as well as non-regulatory programs. 

 
The AQMD, together with the state and federal agencies, works to control air pollution emissions from 
several sources.  As mentioned earlier the AQMD has jurisdiction over stationary and area source 
emissions, as well as mobile source fleets.  Over the years several programs and tools have been 
developed to regulate these sources. These programs and tools and the roles of the state and federal 
agencies are described in Appendix A. 
 
IV. CUMULATIVE IMPACTS REDUCTION STRATEGY (CIRS) 
 
At the start of the process, to stimulate discussions, staff introduced four design principles that were 
factored into the working group process:  no redlining (e.g., defining an acceptable/unacceptable 
geographical area based on level of risk); not interfering with local land use decisions, but making more 
comprehensive air quality information available to decision makers; reasonable decision-making time frame 
for CEQA analysis and permits; consider resource considerations and regulatory certainty. 
 
Based on the design criteria and early discussions of the working group, staff developed a list of initial 
options for addressing cumulative impacts for working group comments.  Industry and 
environmental/community representatives provided their own list of design criteria and options.  Staff then 
evaluated the options in an attempt to examine feasibility and to identify where efforts should be prioritized.  
Staff examined several information sources, most notably, the MATES II, year 2000 census data, and 
health care data in an attempt to identify potentially high cumulative impact areas. 
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In addition to the sections on the control strategies, this report also provides information on MATES II, 
census data, and the interests of key stakeholder groups.  Staff carefully considered the information, as 
well as viewpoints expressed by stakeholders, and has the following recommendations. 
 

Approach 
 
The overall approach in addressing cumulative impacts includes several key features: 

 

• Build on existing State Implementation Plan (SIP) Programs that address criteria 
pollutants; 

• Start with existing known information (i.e., MATES II) to address cumulative impacts of air 
toxics; 

• Identify high cumulative impact areas and develop effective solutions accordingly; and 

• Continue to develop/refine technical database and tools. 
 
These concepts are incorporated in the individual strategies described below. 

 
Scope 

 
After consideration of information and comments from the Working Group members and from Community 
Forums, staff recommends that the scope of the CIRS include the following areas: 

 

• Cancer risk; 

• Hazard Index from non-cancer risk sources; 

• Odors; and 

• Enforcement. 
 

The control strategies incorporate these components. 
 

Key Elements 
 
Addressing the cumulative impacts associated with exposure to air toxics requires a multi-faceted approach 
including short- and long-term strategies.  AQMD staff’s suggested approach consists of three major 
components: 
 

• a set of early-action control strategies for immediate development and implementation; 

• Air Toxic Control Plan process; and 

• Planned update to the Multiple Air Toxics Exposure Study, or MATES III. 
 

Analysis for Identification of High Impact Areas 
 
A significant portion of the Working Group discussions focused on potential criteria for determining high 
impact areas.  Basin-wide regional risk and census data maps were developed by staff as part of their 
analysis and in support of the Working Group discussions.   
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During 1998 and 1999, the AQMD conducted a second MATES program to further understand the current 
air toxics setting in the Basin.  The results of MATES II were released in March 2000.  MATES II examined 
the potential cancer risk from over 30 known toxic air contaminants including diesel particulates.  MATES II 
data was key in this analysis, as it was an important part of the characterization of cumulative impacts 
throughout the Basin.  It also was an indicator of risk contributions and aided in identifying control strategies 
and further steps needed, such as improved data, tools, and modeling. 
 

MATES II Data 
The results of MATES II indicate that the overall average Basin cancer risk is approximately 1,400-in-one 
million when diesel emissions are considered; the Basin risk is around 400- to 600-in-one million excluding 
diesel emissions.  Figure 1 contains a map of the Basin showing the range of cancer risk contributed by all 
sources, including diesel emissions.  As seen in Figure 1, the MATES II results also indicate that higher risk 
levels are seen in the more industrialized areas of the Basin (the south-central portion of Los Angeles 
County, not the neighborhood of south-central Los Angeles; at freeway interchanges; areas near airports; 
and industrial areas).  However, as seen in Figure 2, mobile sources are the most significant contributors to 
risk levels in the Basin, with some individual grid cells as high as 5,700 in a million.  The stationary source 
emissions of TACs contribution to the overall estimated risk levels are presented in Figure 3, with some 
individual grid cells as high as 660 in a million.  Stationary source TACs tend to be around the same level 
year-round.  However, mobile source TACs tend to be higher during the fall and winter months.  Due to 
limitations in modeling techniques, stationary source risks tend to be underestimated at the localized level.   
 

Figure 1 
Range of Risk From All Sources In the South Coast Air Basin,  

Including All Mobile and Stationary Sources  
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Figure 2 
Range of Risk for Mobile Sources Only in the South Coast Air Basin, 

Including Diesel Particulate 
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Figure 3 

Range of Risk from Stationary Sources Only in the South Coast Air Basin 
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2000 Census Data 

The Governing Board adopted definition of Environmental Justice states that the public health of all 
persons should be protected, regardless of race, socioeconomic status, etc.  However, environmental and 
community members on the Working Group asked staff to evaluate poverty and ethnicity information that 
would potentially be used to define high cumulative impact areas. 
 
Consistent with addressing Environmental Justice under the Carl Moyer program, staff examined those 
census tracts with greater than 10 percent poverty.  Utilizing tract level data from the 2000 Census, Figure 
4 shows the range of poverty for all demographics for the entire Basin.  Staff also examined which areas, 
have greater than 50 percent non-white population, also utilizing 2000 Census data (see Figure 5).  As can 
be seen from Figures 4 and 5, there is a correlation between areas of high poverty and those of large non-
white populations.  These areas also correlate strongly with modeled cancer risks.  Therefore, prioritizing 
efforts in areas of high risk would also benefit those areas highlighted by the environmental and community 
members. 
 
 

Figure 4 
Range of Poverty Within the South Coast Air Basin by Census Tract 
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Figure 5 
Range of Non-White Populations within the South Coast Air Basin by Census Tract 

��������	��


���
����

����
��

�������

����������

�������

������
��
����

������

���������

�������

�����
���
�

������
��

�����
�����
�

� �����������
�

������

'�����������%�%�"�����

&	
'

	
'�)	'

)	'�*	'

�*	'

#�������

�����������������

�
��+������� 	 �	 
!��


 
 
Health Care Data 

A request was made at a working group meeting to use health care data to identify areas of high 
cumulative impacts by using information on rates of air pollution related illnesses, such as asthma.  Lack of 
access to health care could exacerbate cumulative impacts of air pollution.  There is not a conclusive 
source of information for local areas to derive these health-based criteria.  Where data might be available, it 
would be resource intensive to obtain and analyze, as well as only being available for selected areas of the 
Basin.  Therefore, this was determined not to be a practical source of information for prioritizing efforts. 
 

Conclusion 
After consideration of the aforementioned data and information, staff recommends that the approach for  
investigating potential high impact areas start with the top 100 grid cells with the highest mobile source 
impacts and another top 100 grid cells with the highest stationary source impacts.  As a result, there will be 
a total of 200 grid cells analyzed, which may have some overlapping areas, but will be examined 
separately.  Staff was also asked to look at the top 100 grid cells due to all emission sources, which should 
be the same as the top cells for mobile sources because greater than 90 percent of the risks are from those 
sources.  Figures 6, 7, and 8 contain preliminary maps using the MATES II data.  The location of the top 
100 mobile source grid cells are shown on the map in Figure 6, whereas the location of the top 100 
stationary source grid cells are shown in Figure 7.  Figure 8 shows which grid cells from Figures 7 and 8 
overlap.   
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Figure 6 
Top 100 Grid Cells for Mobile Sources Only 

 
Note: The range of risks due to the mobile source contribution are 1,400 to 5,700 in a million. 

 
Figure 7 

Top 100 Grid Cells for Stationary Sources Only 

  
Note: The range of risks due to the stationary source contribution are 160 to 660 in a million. 
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Figure 8 
Overlap of the Top 100 Grid Cells for Both Mobile and Stationary Sources 

 
Mobile and stationary source contributions need to be examined separately because the nature of the 
sources and possible solutions are different.  Furthermore, the MATES II modeling technique (i.e., regional 
modeling rather than point source modeling) tends to underestimate the potential localized impacts.  By 
evaluating the top mobile and stationary grid cells, cumulative impacts can be addressed for localized 
areas, depending on the nature of the sources in that situation.  These top 100 grid cells represent the 
approximate top 1 percent of risks from all grid cells in the MATES II study.  The top 100 grid cells should 
not be viewed as a cut-off point for defining high cumulative impact areas.  Rather it serves as guidance to 
prioritize staff resources.  Staff will not propose a prohibition of growth in these areas.  The intent is to work 
through the ranking (not limited to the top 100 cells) to evaluate individual circumstances, and to develop 
solutions accordingly.  This prioritization should be re-examined in the future ATCP updates once staff 
gains more experience in addressing the cumulative impact issues and when additional technical 
information and tools become available.  
 
As seen in Table 1, when examining the top 100 grid cells, based on cancer risk, for mobile sources only, 
including diesel particulate, diesel emissions contribute the majority of risk in those cells (more than 90% in 
most grid cells).  Relative to stationary sources, the risk within the top 100 grid cells is mostly contributed 
(e.g., more than 80%) by perchloroethylene, carbon tetrachloride, ethylene oxide, arsenic, chromium, 
cadmium, and nickel.  Many of these pollutants have or will be controlled through implementation of rules or 
rule amendments over the last three years.  Perchloroethylene and carbon tretrachloride are used as 
degreasers, ethylene oxide as a sterilizer, arsenic in metallurgical processes, and chromium, cadmium, and 
nickel in plating operations. 
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Table 1 

Key Mobile and Stationary Source Risk Contributors 
(MATES II Modeled Risk Levels) 

 
 

Category 
 

Key TACs 
 

Range of Cancer Risk 
Mobile Sources, 
Including Diesel 
Particulate Only 

diesel particulate 1,400 – 5,700 in a million 

Stationary Sources Only perchloroethylene (Rules 1122, 1421, &1425) 
carbon tetrachloride (Rule 1122) 
ethylene oxide (Rule 1405) 
arsenic (Rule 1407) 
chromium (Rule 1469) 
cadmium (Rule 1426) 
nickel (Rule 1426) 

160 – 660 in a million 

 
 

 
CONTROL STRATEGIES FOR REDUCING CUMULATIVE IMPACTS FROM AIR POLLUTION 

 
Early-Action Control Strategies 

 
The following early action control strategies are those that staff recommends should be started 
immediately.  Not all strategies are expected to result in a rulemaking as they may not be necessary after 
further evaluation or solutions may not be technically or economically feasible at this time.  Any strategy 
that is developed into a rule will go through the full public review process, including CEQA and 
socioeconomic analysis and public comments, and will be developed for Governing Board consideration.  
Some of the strategies may already be initiated as part of AQMD’s EJ program.  Each of these strategies 
are anticipated to be developed and implemented within 2 to 3 years.   
 

Control Strategies (Rules) 
1. Approach: Air Toxic Control for Back-Up Generators 

Description: A key finding of MATES II was the significant contribution of cancer risk throughout 
the Basin by diesel sources.  The current AQMD permitting rules exempt 
emergency engines from Rule 1401 – New Source Review of Toxic Air 
Contaminants.  A number of these sources, such as back-up generators, are 
located in and around schools, as well as other sensitive receptors.  This strategy 
would seek to reduce air toxic emissions, including diesel particulates, from back-
up generators. 

Mechanism: Under this measure, staff would develop requirements to reduce emissions from 
back-up generators, taking into consideration state Air Toxics Control Measure 
(ATCM) requirements assessment for diesel particulates and Office of 
Environmental Health Hazard Assessment (OEHHA) updated risk procedures.  
Such requirements may include greater limitation on hours for maintenance 
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operation, designation of when maintenance may be conducted when a generator 
is located near a sensitive receptor, or requiring the addition of diesel particulate 
filters.  Such requirements may be applied to both existing back-up generators and 
new generators.  Staff has been asked to evaluate whether special consideration 
is needed for engines to be used under emergency situations for essential public 
services, such as flood control or earthquakes. 

 
2. Approach: More Stringent Requirements for New Sources Located Near Existing 

Schools and Possibly Other Sensitive Receptors 
Description: This control strategy would seek to establish requirements for new and relocated 

facilities near schools and possibly other sensitive receptors. 
Mechanism: Staff would seek to amend Rule 1401 to establish more stringent risk limits for new 

and relocated facilities emitting air toxics located near existing schools and 
possibly other sensitive receptors for their risk levels at these receptors.  Sensitive 
receptors include schools (kindergarten through grade 12), licensed daycare 
centers, hospitals, and convalescent homes.  The risk assessment procedures in 
Rule 1401 would be used to assess the maximum individual cancer risk at the 
school.  These requirements may include more stringent risk limits for new and 
relocated facilities.  If the increase in risk triggers Rule 1402 applicability, this 
strategy may also seek to expedite Rule 1402 risk reduction.  For example, a new 
facility being located within a specified distance from a school (e.g., within 100 
meters as specified in AQMD Rule 1469) may be required to meet a risk limitation 
of less than 1 in a million without using BACT or less than 10 in a million using 
BACT for toxics, or T-BACT.  It is the staff’s intent to use 100 meters as the 
distance threshold.  However, the distance threshold needs to be further 
discussed through the rulemaking process.  In addition, a new facility being 
located within a certain distance of a school may also be required to reduce a 
facility-wide cancer risk below the action level prior to the start of operation of the 
new equipment.  The amendment to Rule 1401 associated with this strategy would 
be for existing schools or sensitive receptors only and would proceed through a 
two-step hearing process to first identify key policy issues and seek Governing 
Board direction prior to the rule adoption hearing.   

 
Since this strategy has raised a number of general questions, a summary table 
(Table 2) has been provided to highlight key elements. 
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Table 2 
Summary of Key Elements of Strategy No. 2 

 
Element Summary 

Applies to: new and relocated facilities 
Variables • distance 

• impacts at specified receptors 
Sensitive Receptor • schools (kindergarten through grade 12) 

• licensed daycare centers 

• hospitals 

• convalescent homes 
Proposed Strategy • more stringent risk levels 

• or expedited Rule 1402 risk reduction, if 
triggered. 

 
3. Approach: Yard Hostlers at Ports, Rail Yards, and Distribution Centers 

Description: One source of emissions contributing to a cumulative impact is ground support 
operations associated with cargo sorting and transport within ports, rail yards, and 
distribution centers.  These sources, known as yard hostlers, can cumulatively 
create potential increased exposures to the surrounding area due to their 
emissions.  This strategy would seek to reduce emissions from yard hostlers at 
ports, rail yards, and distribution centers used in conjunction with these operations.  

Mechanism: Staff would develop new requirements to control emissions from yard hostlers 
used at ports, rail yards, and distribution centers (e.g., warehouses).  Control 
strategies could include lower emitting equipment either by add-on control 
technologies or alternative fuels. 

 
4. Approach: Chromium Spray Coating Operations 

Description: Emissions of hexavalent chromium have historically been a contributor to the 
ambient risk contributed by stationary sources throughout much of the Basin.  
Since 1990, a number of measures have been taken to reduce emissions of 
chromium from various sources, including metal finishing and coating applications.  
In 2000, the results of MATES II identified chromium as one of the most significant 
stationary source toxic air contaminants.  Rule 1469 has been strengthened to 
significantly reduce chromium emissions from metal finishing operations.  
However, other operations, such as chromium-based spray coating operations 
have also been identified as potentially contributing to cancer risk.  This strategy 
would investigate and potentially seek to reduce emissions of chromium from 
these operations. 

Mechanism: Staff would conduct an investigation into the remaining risk associated with spray 
operations using chromium-based coatings, including a technical analysis as to 
alternative coating materials, or the effectiveness of add-on control equipment.  An 
issue was raised to have staff evaluate the potential toxic characterization of 
chrome from paint spray operations.  In addition, compliance records for metal 
coating operations will also be examined to determine if non-compliant sources, if 
any, are contributing significantly to the risk.  Consideration will be given to 
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sources already in compliance with Rule 1402, for example.  Staff has been asked 
to consider sources covered under other rules, such as the aerospace NESHAP 
and Rule 1124.  The result of this effort may result in the adoption of a new or 
amended rule to control emissions of chromium from spray coating applications. 

 
5. Approach: Private Fleet Rule Development 

Description: Findings from the MATES II program showed that the largest portion of the 
ambient cancer risk is contributed by diesel sources throughout the Basin.  As a 
result, the AQMD Governing Board adopted a series of fleet rules (e.g., 1190 
series rules) to reduce emissions of diesel particulates from mobile sources within 
the agency’s jurisdiction.  This strategy would develop additional new rules for 
further emission reductions from private fleets. 

Mechanism: This strategy would lead to the development of new rules for additional emission 
reductions from private fleets, such as fuel providers and cargo/shipment carriers.  
This strategy also leads to the development of the necessary infrastructure to 
maintain the fleets, which is an important element for sustainability. 

 
Control Strategies (Policy) 

6. Approach: Increased Compliance Assurance for Repeat Emission Violations 
Description: At public outreach meetings, requests are often made for an increased field 

compliance presence, particularly in those areas consisting of a high concentration 
of facilities.  This stems from the concerns that non-compliance or accidental 
release would contribute to cumulative impacts.  This strategy is to develop and 
implement an enhanced compliance assurance program for stationary sources 
which receive multiple notices of violation.  Such action will likely provide the 
greater benefit in high cumulative impact areas. 

Mechanism: As an early action measure, this strategy involves the development of a program 
that would guarantee minimum inspections and minimum penalties for repeat 
emission violations to assure continuous and consistent compliance.  AQMD staff 
would investigate data and compliance records so as to focus resources to 
address the more localized issues.  In determining repeat emission violations, 
AQMD staff will take into consideration industry-specific operations and the 
amount of excess emissions.  Thus, facilities with multiple emission-related 
violations would be inspected at a greater frequency.  Rules will be enforced 
consistently, regardless of facility location.  The enhancement would involve more 
strategic deployment of AQMD field inspections and increased deterrence for 
repeat emission violators.    This strategy will be implemented after approval of the 
ATCP by the AQMD Governing Board. 

 
7. Approach: Prioritize Resources for CEQA Document Review in High Cumulative Impact 

Areas 
Description: Projects with potentially significant adverse environmental impacts require an 

evaluation under CEQA.  AQMD regularly receives CEQA documents prepared by 
other lead agencies for comments.  Air quality is one of the CEQA topics.  Relative 
to air quality impacts, a thorough evaluation of project related emissions, including 
both mobile and stationary source emissions is needed, particularly for projects 
located in high cumulative impact areas.  This strategy would ensure that CEQA 
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documents prepared in conjunction with these projects are evaluated by AQMD for 
potentially significant impacts and that adequate measures are taken to mitigate 
the impacts when required. 

Mechanism: AQMD staff will prioritize resources to ensure adequate intergovernmental review 
of CEQA documents to ensure the accuracy and the adequacy of air quality 
impact analyses and the associated mitigation measures, if deemed necessary. 

 
8. Approach: Voluntary AQMD/Local Government/Public Agency Partnership 

Description: One of the key resources to address potential cumulative impacts associated with 
emissions from new, modified, and relocated facilities is local government staff 
such as planners, as they have the ability to control where and how facilities are 
located in their community.  This strategy is to work with local governments and 
planners through a partnership to provide the necessary information and tools to 
minimize cumulative impacts from future potentially air toxic emitting facilities and 
projects in their area. 

Mechanism: This strategy would be implemented through an education and outreach program 
to advise local governments outside the current CEQA analysis process.  AQMD 
would partner with local governments and other public agencies.  This effort is 
different than AQMD’s role in review and comment on CEQA projects because it is 
a more proactive, educational effort, not related to a specific project.  In 
conjunction with the Model Air Quality Element (an EJ enhancement), AQMD staff 
will offer to make presentations and to consult with City Councils and Planning 
Commissions regarding land use decisions, and provide them with tools to identify 
incompatible land uses and to identify and address projects that may have a direct 
or indirect affect on the health of the surrounding community due to their 
operations.  An air quality/environmental checklist may be developed for use by 
any local government to aid them in their decisions. 

 
9. Approach: Governing Board Resolution to CARB 

Description: Mobile sources, which are regulated under CARB, are significant contributors to 
risk levels in the Basin (see section on MATES II).  Consequently, additional 
controls from this sector would greatly enhance the reduction of cumulative 
impacts. 

Mechanism: This Early Action strategy would entail a Governing Board resolution to CARB 
urging their partnership and timely control of mobile source emissions.  AQMD 
wants to work with CARB to be full partners in resolving cumulative impacts in this 
Basin, especially where mobile sources are the key contributors to cumulative 
impacts.  Staff recommends that the resolution include a request that CARB Board 
members participate in a summit with a delegation of AQMD Board members to 
discuss this partnership and efforts to assist in reducing cumulative impacts. 

 
Nuisance Strategy 

10. Approach: Pilot Odor Abatement Program 
Description: Nuisance complaints, including odors, have continuously been raised by the public 

at outreach meetings, such as the AQMD’s Town Hall and Environmental Justice 
(EJ) meetings, as well as Community Forums for addressing cumulative impacts.  
Odor complaints are a localized issue and can trigger adverse health impacts due 
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to the physical sensitivity of individuals located in and around the area of 
incidence.  The presence (or absence) of odors does not always relate directly to 
toxics exposure.  Currently, odor issues are addressed after occurrence of the 
incident through public nuisance complaints (i.e., AQMD Rule 402).  This strategy 
would seek to develop proactive measures to prevent exposure to odors. 

Mechanism: To address this issue staff would develop a pilot rule for one or two industries.  
The pilot rule would set the foundation for a process to determine and implement 
control requirements for odors from new sources.  The selection of industries for 
this pilot program would be based on the historical nuisance compliant records, 
recent compliance actions, and input from a working group.  The control 
technologies could include best management practices and would examine 
technologies used in the past resolution of Orders of Abatement or Notices of 
Violations (NOV). 

 
Appendix C shows the records of the most frequent confirmed odor complaints 
from 1988 to 2003 along with the corresponding NOVs.  These complaints and 
NOVs are summarized and organized by standard industrial classification (SIC) 
codes. The industrial classifications receiving the highest number of odor 
complaints include: Petroleum Refining, Refuse Systems, and Sewage Systems.  
The next steps needed to develop a control strategy for these sources of odors 
would be to analyze individual complaints received regarding facilities in these 
categories.  Once a pattern of complaints is found (i.e., type of odor, area, time of 
day, weather conditions) it can then be determined if a control strategy can be 
used to mitigate odors in the ambient air.  To accomplish this task, staff would rely 
on a scientific review group for developing standards, similar to that used for 
establishing BACT (the same group could be used) for sources of criteria air 
contaminants. 
 

AIR TOXICS CONTROL PLAN (ATCP) PROCESS 
 

Identifying and resolving cumulative impacts will be a continuous and iterative process since no single 
solution can adequately address the issues.  Therefore, staff is proposing to integrate a cumulative impact 
component into the ATCP process, which will be updated periodically to incorporate the latest technical 
information as well as strategies to address air toxic issues (e.g., regional and localized) in the Basin.  The 
ATCP was approved by the Governing Board in March 2000.  It was designed to reduce air toxic exposure 
in the Basin and was envisioned to be updated following the SIP revision process. 
 

Addendum to the Air Toxics Control Plan  
 
An Addendum to the ATCP will be completed after the 2003 update to the Air Quality Management Plan 
(AQMP).  It will include improved emission data and a partial inventory update using the AQMP, as well as 
data from the implementation of control strategies contained within the March 2000 ATCP to revise current 
and projected air toxic levels (see Appendix B for ATCP implementation progress).  Staff anticipates that 
the air toxics plan update will be presented to the Governing Board for its approval by the end of 2003.  
Although MATES III emissions monitoring will not be completed by this time, the inventory and assessment 
of changes in toxic air pollution levels can proceed for the air toxics plan addendum.  Future updates to the 
ATCP will include MATES III data. 
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The addendum will utilize information contained in the enhanced Toxic Emissions Inventory, described as 
follows.  The procedure used will be similar to that used in MATES II and the March 2000 ATCP.  The base 
calendar year used for the inventory will be 2000 with future years extending from 2010 to approximately 
2020.   
 
The inventory data used will be as follows: on-road sources will use EMFAC 2002 and CARB’s most recent 
specification profiles; point sources not in the AB 2588 program will use calendar year 2000 Annual 
Emissions Report (AER) data; sources within the AB 2588 program will incorporate any changes reported 
up to the end of 2000; metal plating facilities, gas stations, and dry cleaners will use the most recent 
inventory information available; and off road sources will use the data in the 2003 AQMP for calendar years 
2000, 2010, and 2020.  Once the 2000 inventory is complete, appropriate emission reductions for each 
category will be determined and a future inventory will be created. 
 
The ATCP Addendum will consider additional health based indicators in the development of control 
strategies.  Consistent with MATES II, the March 2000 air toxics plan primarily focused on cancer-based 
risks.  The air toxics plan Addendum will also consider non-cancer health risks.  In addition, it will also 
examine asthma as a health-based indicator for potential control strategy development to the extent 
feasible. 
 
The Addendum will have both mobile and stationary control strategies based on technically and 
economically feasible approaches.  Relative to mobile strategies, the efforts will focus on the risks 
associated with diesel particulate emissions.  Control strategies to be developed would include truck and 
train idling restrictions, and diesel traffic flow management.  Staff will also be evaluating other control 
strategies.  This effort will benefit mobile source risk reduction because it will use the CARB Diesel 
Reduction Plan (October 2000) as a baseline and seek additional reductions beyond what is called for in 
the state plan. 
 
The ATCP update will include a systematic review of existing toxic rules to determine if additional 
reductions are technically and economically feasible for facilities located near schools and possibly other 
sensitive receptors.  These efforts may include the addition of sensitive receptor requirements for existing 
sources through amendments to existing rules and consideration during future rule development.   
 
Other potential control strategies include pollution prevention (such as technical assistance for all facilities 
and a focus on facilities in higher cumulative impact areas that are close to schools), and funding for 
localized risk reduction projects, through an abatement fund or other mechanisms. 
 
Analysis of MATES II stationary source cancer risk indicates that perchloroethylene (a.k.a., “perc” or 
tetrachloroethylene), chromium, arsenic, and carbon tetrachloride were key contributors to cancer risk.  
Several of these TACs are or will be reduced from implementation of recently adopted and amended rules.  
Spray coatings containing chromium will be evaluated for further reduction.  Arsenic will also be evaluated.  
Due to odor complaints and the large use of various TACs in paint formulations, staff proposes a two-step 
process for evaluating odors and potential control approaches for auto-body shops.  Additional fleet rules 
will also be developed. 
 
Conceptually, an outline of Addendum to the March 2000 Air Toxics Control Plan would include the 
following topics: 
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Progress in Implementing 2000 Toxics Plan 

• AQMD 

• State  

• Federal 

• Previous projections 

• Revised projections 
Additional Control Strategies 

• Introduction, including design criteria used in first plan and any updates 

• Early action measures 

• Stationary source measures 

• Mobile source measures 
Implementation 

• Time frame 

• Partnerships with other agencies and stakeholders 

• Environmental and socioeconomic implications 

• Outreach 

• Monitoring 

• Future enhancement 
 

It should be noted that MATES II and the March 2000 ATCP focused primarily on cancer risks.  This update 
will include incremental efforts to reduce cancer risk, since most of these are on-going, long term efforts.  
The update will also identify high cumulative impact areas for focusing efforts relative to the control 
strategies.  

 
The following control strategies, which are in addition to the Early Action Control Strategies, are staff’s 
recommendation for further consideration and development.  Development of some strategies will begin 
right away, others may take longer to develop.  Not all strategies are expected to result in a rulemaking, as 
they may not be necessary or feasible upon further evaluation.  For example, there were strategies 
identified in the March 2000 ATCP that did not result in rulemaking and were not pursued after further 
technical evaluation (i.e., hospital ethylene oxide sterilizers and rubber manufacturing).  Any strategy that is 
developed into a rule will go through the full public review process, including CEQA and socioeconomic 
analysis, and public comments, and will be developed for Governing Board consideration.  Some of the 
strategies may already be initiated in conjunction with the AQMD’s EJ program.  Each of these strategies 
are anticipated to be developed and fully implemented within 3 to 5 years. 
 

Proposed Control Strategies for Addendum to the Air Toxics Control Plan 
 
11. Approach: Truck Idling 

Description: During many public outreach meetings, staff has heard numerous concerns about 
the diesel truck traffic associated with the moving of cargo to and from ports, rail 
yards, and distribution centers.  In addition to the traffic from moving cargo, the 
idling of trucks waiting for loading and unloading contributes to increased ground 
level emissions that move into nearby areas and contribute to health and nuisance 
complaints.  This strategy will seek to develop requirements to reduce emissions 
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from diesel truck idling.  This control measure was identified in the March 2000 
ATCP. 

Mechanism: Under this strategy, staff would develop a new rule to control diesel truck idling to 
the extent feasible, taking into consideration operational needs for the movement 
of cargo and infrastructure for electrification as necessary. 

 
12. Approach: Train Idling 

Description: As with truck idling, staff has heard numerous complaints related to rail traffic.  
This traffic is associated with the moving of cargo to and from ports and rail yards.  
Particular focus has been on idling locomotives waiting to move cargo.  This 
strategy would likewise seek to develop requirements to reduce emissions from 
train engine idling. 

Mechanism: Under this strategy, staff would develop a new rule to control train idling to the 
extent feasible, taking into consideration operational needs for the movement of 
cargo and infrastructure needed to support locomotives. 

 
13. Approach: Marine and Airport Operations 

Description: Early-Action Strategy No. 3 addresses yard hostlers at ports, rail yards and 
distribution centers.  This strategy would seek to address emissions from marine 
and airport related operations. 

Mechanism: Staff would examine emission reduction options for marine and airport related 
operations.  Staff would first conduct feasibility studies, including AQMD legal 
authority, control technologies, and cost effectiveness prior to developing specific 
regulatory programs. 

 
14. Approach: More Stringent Requirements for Rule 1402 Sources Near Existing Schools 

and Possibly Other Sensitive Receptors 
Description: As stated under early action measure No. 2, health risks associated with facilities 

located near existing schools and possibly other sensitive receptors are of 
concern.  Whereas strategy No. 2 would address new and relocated equipment, 
and new facilities, this strategy would address existing facilities located near (e.g., 
within 100 meters) schools and possibly other sensitive receptors. 

Mechanism: Staff would seek to amend Rule 1402 to add additional requirements for risk levels 
for facilities located near schools, and possibly other sensitive receptors.  
Sensitive receptors include schools (kindergarten through grade 12), licensed 
daycare centers, hospitals, and convalescent homes.  The risk assessment 
procedures in Rule 1401 would be used to assess the maximum individual cancer 
risk at the school.  Such requirement may include lowering the action risk level 
below the current 25 in a million or expediting the timeframe allowed to implement 
risk reduction.  The amendment to Rule 1402 associated with this strategy would 
address schools or sensitive receptors only and would proceed through a two-step 
hearing process to first identify key policy issues and seek Governing Board 
direction prior to the rule adoption hearing.  Staff will seek funding to assist 
facilities with cost of risk reduction or relocation.  Staff’s intent is that this would 
apply to existing facilities and existing sensitive receptors, not for a new sensitive 
receptor that moves near facilities.  Strategy No. 8, the Voluntary AQMD/Local 
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Government/Public Agency Partnership, will be used to help better inform land use 
decisions.   

 
Since this strategy has raised a number of general questions, a summary table 
(Table 3) has been provided to highlight key elements. 
 

Table 3 
Summary of Key Elements of Strategy No. 14 

 
Element Summary 

Applies to: • existing facilities subject to Rule 1402  
Variables • distance 

• impacts at specified receptors 
Sensitive Receptor • schools (kindergarten through grade 12) 

• licensed daycare centers 

• hospitals 

• convalescent homes 
Proposed Strategy • more stringent risk reduction action levels, or  

• expedited compliance schedule for  risk 
reductions 

 
15. Approach: More Stringent Air Toxic Source-Specific Requirements for Sources Near 

Existing Schools and Possibly Other Sensitive Receptors 
Description: Early action strategy No. 2 addresses facilities located near schools and possibly 

other sensitive receptors through an amendment to Rule 1401.  Strategy No. 14 
would address existing facilities located near existing schools and possibly other 
sensitive receptors through an amendment to Rule 1402.  This strategy would 
seek to amend existing toxic source-specific rules, or for consideration during 
development of future new toxic rules, to evaluate more stringent requirements 
and distance and receptor criteria. 

Mechanism: Staff would investigate the feasibility of amending existing toxic source-specific 
rules that currently contain requirements for industries or pieces of equipment to 
include requirements based on distance and receptor impacts, similar to that 
contained in Rule 1469-Hexavalent Chromium Emissions From Chrome Plating 
and Chromic Acid Anodizing Operations.  Consideration would also be given 
during future new rule development.  Each source category would be evaluated 
individually to determine feasible and appropriate proposals. 

 
16. Approach: Develop and Launch Pollution Prevention Initiatives 

Description: Staff continues to identify and implement pollution prevention measures when 
developing regulatory and non-regulatory programs.  Under this strategy, staff 
would seek to develop a pilot pollution prevention program that could be initiated in 
areas of high cumulative impact.   

Mechanism: The pilot pollution prevention program would initially be focused on sources 
contributing to high cumulative risk and would start by concentrating on facilities 
located near schools.  AQMD staff would provide a consultation and make 

83 of 900

83 of 900



Cumulative Impacts  
 

AQMD 26 August 2003 

recommendations to facilities as to how they may improve operations, provide 
information on low-cost alternatives to lower emissions, or outline steps that can 
be taken to prevent nuisance complaints.  According to the success of this 
program, it may be expanded to other sensitive receptors.  Staff also recognizes 
that there have been concerns raised by members of the Cal EPA Environmental 
Justice Advisory Committee with regards to pollution prevention techniques.  Such 
concerns will be taken into account as part of the development of this strategy.  
Staff’s analysis will consider technical feasibility, cost-effectiveness, product 
quality, and other potential impacts of pollution prevention options.  District staff 
will also work with facilities and local government to seek potential funding for 
implementing pollution prevention strategies. 

 
17. Approach: Neighborhood Air Toxics Abatement Fund 

Description: This strategy would call for the creation of a fund that can be used for local 
programs to reduce public exposures to air pollution and support or match funds 
for projects that would reduce local exposures to air pollution. 

Mechanism: Staff would recommend AQMD establish a Neighborhood Air Toxics Abatement 
Fund for facilities from penalties and other public funding.  Staff would also seek 
U.S. EPA/state funding designated for EJ/toxic programs for matching funds for 
high priority mobile source emission reduction projects.  The funding mechanism is 
not intended to be a pay to pollute program nor a means for compliance flexibility.  
The fund would not be used for strategies Nos. 2 and 14.  Strong concerns were 
raised by environmental and community representatives regarding potential toxic 
trading and receptors benefiting from the toxic reduction projects not being the 
same receptors that are affected by the facility.  However, they indicated that 
public funding or penalty monies directed toward reducing toxic emissions would 
be acceptable and if residual risks cannot be mitigated in a meaningful way, 
potential relocation of receptors should be considered. 

 
18. Approach: Additional Controls for Arsenic 

Description: MATES II data indicates that arsenic is one of several compounds that contributes 
to the ambient risk.  This strategy would evaluate and establish additional control 
requirements for sources of arsenic emissions. 

Mechanism: Using the MATES II data, staff will examine the sources of arsenic contributing to 
the risk levels within the Basin.  Staff will then develop technically and 
economically feasible requirements for the control of arsenic emissions.  Such 
requirements may be implemented through a new or existing rule, depending on 
the findings of staff’s assessment. 

 
19. Approach: Additional Controls for Auto-body Shops 

Description: During public outreach meetings, auto-body refinishing has been identified as a 
source of nuisance complaints.  This has been verified by examining nuisance 
complaint records.  Due to odor complaints and the variety of TACs in auto-body 
coatings, this strategy will examine typical causes of odors, compliance status, 
and evaluate control options for auto-body shops. 

Mechanism: This strategy would be implemented in two steps.  First, staff would work jointly 
with stakeholders to conduct a technical assessment of the auto-body refinishing 
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industry to determine what causes odor complaints.  The second step would focus 
on developing technically and economically feasible options for the reduction of 
TAC emissions and odors.  The options will consider compliance history and 
impacts on receptors.  Such requirements may be implemented through 
amendments to Rule 1151. 

 
20. Approach: Diesel Traffic Flow Control 

Description: Companion to strategy No. 11, this strategy would work with local governments 
and planners to minimize impacts from diesel-based traffic on schools or other 
sensitive receptors. 

Mechanism: Under this strategy, staff would work with local governments and planners to 
develop alternative traffic patterns for diesel traffic to minimize impacts to schools 
or other sensitive receptors.  This strategy stems from staff’s previous analysis for 
diesel fuel traffic from distribution centers in the Mira Loma area. 

 
21. Approach: Analysis and Mitigation for Sources Contributing to High Cumulative Air 

Pollution Impacts (Cancer and Non-Cancer) 
Description: Once the high cumulative impact areas and their key risk contributors are 

identified, this strategy seeks to develop mitigation measures to reduce air toxic 
emissions from sources contributing to the cumulative impacts. 

Mechanism: Staff would identify those sources in the high ranking areas that contribute to the 
ambient risk and develop strategies to reduce that risk.  Implementation of this 
strategy will be independent of other strategies contained herein, thereby 
eliminating duplication.  Strategies for sources identified could include regulatory 
or policy approaches.  Regulatory approaches may include, but are not limited to, 
more stringent new source review or risk reduction requirements for existing 
sources.  Other enforceable legal instruments, such as memorandums of 
understanding (MOUs) and stipulated abatement orders, may also be used.  Staff 
would recommend the most effective regulatory or policy tools available to reduce 
cumulative impacts. 

 
   Nuisance Strategy 
22. Approach: Odor Abatement Program for Existing Facilities  

Description: As mentioned in Early-Action Control Strategy No. 10, the issue of nuisance odors 
has continuously been raised at public meetings. This program would build on the 
Pilot Odor Abatement Program by extending control strategies to existing facilities.  

Mechanism: This control strategy would focus on existing equipment that have been identified 
in the Pilot Odor Abatement Program or other efforts that require measures to 
prevent exposure to odors.  This would include the identification and development 
of technically feasible and cost-effective retrofit control options. 

 
23. Approach: ARB Component 

Description: This strategy would consider CARB’s air toxics control program to identify sources 
under their jurisdiction that contribute significantly to cumulative impacts.   

Mechanism: Staff would work cooperatively with CARB to identify strategies under their 
authority for implementation that would be supported at the local level.  Such 
strategies could include requirements for particulate traps for in-use diesel 
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engines.  AQMD could also make recommendations to CARB based on findings 
from this effort. 

 
24. Approach: U.S. EPA Component 

Description: As with CARB, this strategy would develop strategies for sources under U.S. EPA 
jurisdiction that contribute significantly to cumulative impacts. 

Mechanism: Staff would work cooperatively with U.S. EPA to identify strategies for mobile 
sources, such as diesel trucks, trains, and ships that are under U.S. EPA 
jurisdiction.  AQMD could also make recommendations to U.S. EPA based on 
findings from this effort. 

 
25. Approach: Increased/Targeted Funding for Disproportionately Impacted Areas 

Description: Prioritize funding to disproportionately impacted areas. 
Mechanism: AQMD would continue to prioritize funding for areas of higher risk, similar to the 

criteria set by AB 1390 (Firebaugh) applicable to the use of Moyer Funds in 
disproportionately impacted areas and the priority established in the AQMD’s grant 
program for school bus funding and non-perc dry cleaners (50 percent of funding 
reserved for areas with greater than 1,000 in a million cancer risk or greater than 
10 percent population below the poverty level).  Funding could also include money 
from the federal government and other sources.  AQMD will maintain an active 
role in securing continuous funding for Carl Moyer, school bus funding, and other 
programs where funding is essential for reducing cumulative impacts. 

 
Periodic ATCP Revisions 

 
Future updates to the air toxics plan will be conducted on a periodic basis, the first of which will utilize data 
from MATES III (discussed below).  Future updates will include improved inventories, methodologies, and 
special studies to focus on achieving greater air toxic emission reductions from stationary and mobile 
source categories.  Development of those plans will rely on an iterative process for prioritization.  The 
updates will also take into consideration comments received at various Town Hall meetings, task forces, 
and other public meetings.   
 
The ATCP will be subject to periodic revisions, including the following four enhancements: 
 

1. Improve Emissions Inventories, Data and Analysis Tools 
 
This enhancement would involve the development of better data and analytical methods with which 
to measure, report, and evaluate cumulative air pollution impacts, and programs to address those 
risks.  Such improvements would be made to the AQMD’s inventories, as well as the data needed 
to conduct analyses.  This would be accomplished by using special studies (e.g., MATES III), 
information gained through various rule development efforts and existing efforts to update and 
improve emissions inventories, such as linking Annual Emission Reporting (AER) program and Air 
Toxics Hot Spots (AB 2588) databases.  Updated inventory information from the state relative to 
mobiles sources (i.e., EMFAC 2002) will also be utilized for the first ATCP update.  Such 
information will be continually updated on an ongoing basis.  This will enable staff to focus and 
facilitate efforts relative to addressing cumulative impacts and implementing the control strategies 
in the most efficient manner possible. 
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2. Improve Modeling Tools 
 
To assess cumulative impacts, staff would utilize improved modeling tools (e.g., 2003 AQMP 
modeling techniques) for evaluating air toxic impacts at the local level from all nearby sources, 
including mobile sources, for comparing local level exposures within the region.  In the short-term, 
staff will conduct an assessment using the improved emission inventories associated with the 2003 
AQMP to examine progress since the approval of the March 2000 ATCP.  Staff would then 
continue to update these tools on an ongoing basis. 

 
3. Identify and Address Non-Cancer Risks 
 
MATES II focused on examining those TACs contributing to cancer risk throughout the Basin and 
did not specifically analyze non-cancer impacts associated with those chemicals.  At many public 
outreach meetings, consistent comments were made that such studies should also address non-
cancer impacts.  This strategy would develop a program that not only seeks to reduce cancer risk, 
but also identifies ways to reduce chronic and acute non-cancer or other public health exposures.  
To address this issue in the short-term, staff will be examining the data collected in MATES II to 
estimate the non-cancer impacts throughout the Basin using the previous data.  This information 
will be used in the ATCP Addendum and to assist in development of the strategies.  MATES III will 
examine non-cancer and asthma impacts (to the extent possible) and staff will seek to use this 
information for future updates to the ATCP. 

 
4. Evaluate High Cumulative Air Pollution Impact Areas 
 
Using the data and information resulting from the previous three enhancements, staff will refine the 
approach to prioritize areas of concern based on unusually high levels of cumulative health risk 
and to identify sources contributing significantly to that risk.  This information will be used to 
develop specific measures to reduce public exposures to air pollution and health risks.  As 
previously described, the approach was developed as a tool to prioritize staff resources, not as a 
regulatory classification.  Staff recommends using MATES II data to examine the top 100 1 km x 1 
km grid cells for each mobile and stationary sources to identify sources and potential solutions.  
The process will then continue with the next 100 grid cells.  This approach may be revised when 
staff gains more experience and new techniques become available.  The analysis of potentially 
high cumulative impact areas will form the foundation to formulate control strategies. 

 
MATES III 

 
As directed by the Governing Board in January 2003, staff will be conducting the third MATES program.  As 
before, AQMD will use a scientific review panel and will seek public input on the various aspects of the 
program, including monitoring locations and evaluation tools.  The list of toxic air contaminants (TACs) will 
be revised from MATES II to address the risks associated with additional chemicals of concern.  Some 
TACs may be eliminated from the analysis if they were not detected in the previous study.   
 
A key element of MATES III will be the selection of micro-scale sites for localized monitoring.  Staff has 
received numerous suggestions for such sites and will be further evaluating various locations.  It is 
anticipated that monitoring, modeling, analysis, and reporting, will take approximately 1 ½ years.  
Monitoring is projected to start in April 2004. 
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V. PUBLIC PROCESS 
 
The Working Group met seven times to discuss a program to reduce cumulative impacts from air pollution.  
These meetings, plus five Community Forums, helped identify issues and potential approaches. 
 

Working Group and Public Input 
 
Environmental/community, industry, and AQMD staff Working Group members generated separate lists of 
recommended cumulative impact control strategies.  All three lists of suggested options were discussed, 
combined and narrowed down to a list of 19 options that were provided for public comment at five 
Community Forums.  Staff conducted these forums at various locations throughout the Basin in the 
evenings or Saturdays (Mira Loma, Fontana, Sun Valley, Santa Ana, and Wilmington) in May and June 
2003.  A summary of the input received from the Community Forums is provided in Appendix F.  Additional 
strategies were added as a direct result of comments heard at the Community Forums.   
 
The discussion in the following sections highlights interests of the different groups represented on the 
working group.  There were many areas of agreement among the members.  First, all parties agreed that 
areas of high cumulative impacts need to be addressed; it is how that may be accomplished where there 
are differences.  There was also consensus that in order to establish an effective program to reduce 
cumulative impacts, improvements in emission inventories, data, tools, and modeling are necessary.  In 
addition, all parties agreed that non-cancer risks need to be identified and addressed.  These areas of 
agreement correspond to the enhancements proposed for the periodic updates to the ATCP.  There was 
also general agreement on other suggested control strategies to reduce air emissions from source-specific 
activities that are currently unregulated, such as truck and train idling (Nos. 11 and 12), yard/port activities 
(No. 3), chromium spray operations (No. 4), and arsenic controls (No. 18).  There was support for the 
Voluntary AQMD/Local Government/Public Agency Partnerships.   
 
However, there was not consensus on strategies that would result in source-specific requirements for 
sources, such as more stringent requirements for new or existing sources located close to schools or 
possibly other sensitive receptors. 
 
Following is a summary of the key interests and recommendations by members of the working group 
representing industry, environmental/community, and local governments. 
 

Industry 
Industry representatives of the Cumulative Impacts Working Group felt that the most effective programs 
addressing air pollution have resulted from identifying the source(s) of the cumulative air pollution problem 
and developing strategies for reducing pollution from the sources that are creating the problem.  They 
pointed out that California law provides clear direction in the area of Environmental Justice, defining it as 
“the fair treatment of people of all races, cultures, and incomes with respect to the development, adoption, 
implementation, and enforcement of environmental laws, regulations, and policies.” (Government Code 
§65040. 12(c)), as well as highlighting AQMD’s own definition.  Industry also felt that the AQMD should use 
valid tools to identify areas that have unusually high levels of cumulative risk and exposure and develop 
programmatic solutions to address these areas. 
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Pursuant to Health and Safety Code Section 40440(c), industry representatives have pointed out AQMD’s 
obligation to regulate in a manner that results in the most effective and least burdensome programs.  They 
felt that this can only be done if the problem areas are clearly identified and prioritized and the sources of 
the problem identified.  The industry representatives’ key recommendations are summarized as follows: 
 

1. Define the areas of concern based on areas which have unusually high levels of cumulative risk 
when compared to the region; 

2. Identify the sources contributing significantly to the health risk in those areas; and 
3. Develop programs targeting the sources contributing to the problem. 

 
Environmental/Community 

Environmental/community representatives agree that high risk areas should be addressed.  In addition, 
they site the need for better tools and data for analyzing cumulative risks and they suggest a program that 
is broad and more encompassing.  The environmental/community representatives are also interested in: 
 

1. Further developing and implementing methods of pollution prevention; 
2. Developing additional mitigation requirements for all facilities, including both existing and future 

proposed facilities that are located in heavily impacted areas; 
3. Establishing emission reduction goals for industry-wide reductions for certain heavy polluting 

sectors (e.g., refineries, auto body/paint shops, printers, and nail salons); 
4. Adoption of specific goals for Hazardous Air Pollutants (HAPs) emission reductions from both the 

stationary and mobile sources under AQMD’s authority.  Success would be measured by 
decreased TAC emissions and increased number of permits denied or not renewed; and 

5. Developing and incorporating into source-specific rules health-based and distance-based siting 
criteria for residential and sensitive receptors, and requiring applicants for new, modified, or 
renewed permits in heavily impacted areas to verify the underlying assumptions and assertions 
about emissions and impacts of the proposed equipment and processes. 

 
The environmental and community representatives feel strongly that Rules 1401 and 1402 should be 
strengthened and applied to all permitted sources, regardless of their contribution to cumulative impacts.  
They also do not want the Neighborhood Toxic Abatement Fund to be used by facilities to meet more 
stringent standards. 
 

Local Government 
Local government representatives commented that a program to mitigate cumulative risk should only 
proceed once the highest risk areas and the contributors to those highest risks are identified.  In general, 
across-the-board programs that target risk reduction within the stationary source category while 
disregarding the large contribution from mobile sources are undesirable.  Stationary source risk reduction is 
appropriate where it has been clearly shown that the stationary source contributes the major portion of the 
risk.  In general local government representatives desire a cumulative impacts program that: 
 

1. Identifies high risk areas from all contributors; 
2. Analyzes the risk contributors for those high risk areas; 
3. Identifies agencies with authority/jurisdiction; 
4. Minimizes disproportionate risk through existing programs if possible, such as expanded fleet rules, 

AB 2588 etc.; and 
5. Creates incentive programs secondly to target under-regulated/unregulated problem source. 
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VI. RECOMMENDATIONS 

 
Staff recommends the approach outlined within this White Paper, which calls for immediate work to develop 
the Early-Action Control Strategies and an Addendum to the March 2000 Air Toxics Control Plan, a 
commitment for future periodic updates to the ATCP, and completion of MATES III. 
 

VII. PROPOSED SCHEDULE 
 
Staff proposes the following schedule: 
 

1. White Paper presented to the Governing Board:  September 2003. 
2. Addendum to the March 2000 Air Toxics Control Plan:  December 2003. 
3. Report to the Stationary Source Committee every 6 months. 
4. Report to Board once per year as part of the EJ Enhancements. 
5. Early-Action Control Strategies developed and implemented within 3 years. 
6. Remaining Control Strategies developed and implemented within 3 to 5 years. 
7. Working Group meetings, as necessary, to receive input on proposals being developed. 

 
Table 4A presents the proposed schedule for each of the control strategies, sorted by strategy number, 

addressed in this paper.  Table 4B presents the strategies sorted by proposed adoption date. 

90 of 900

90 of 900



Cumulative Impacts  
 

AQMD 33 August 2003 

Table 4A 
Control Strategy Schedule 

(Sorted by Strategy Number) 
 

No. Title Date of Proposed 
Adoption 

Early-Action Control Strategies (Rules) 
1 Air Toxic Control for Back-up Generators 1st Quarter 2004 
2 More Stringent Requirements for New Sources Located Near 

Existing Schools and Possibly Other Sensitive Receptors 
2004 

3 Yard Hostlers at Ports, Rail Yards, and  
Distribution Centers 

2004-2005 

4 Chromium Spray Coating Operations 4th Quarter 2004 
5 Private Fleet Rule Development 2004-2005 

Early-Action Control Strategies (Policy) 
6 Increased Compliance Assurance for Repeat Emission Violations 2004-2005 
7 Prioritize Resources for CEQA Document Review in High 

Cumulative Impact Areas 
2004 

8 Voluntary AQMD/Local Government/Public Agency Partnership 2004 
9 Governing Board Resolution to CARB 2003 

Early-Action Nuisance Strategy 
10 Pilot Odor Abatement Program 2004-2006 

Additional Recommended Strategies for the ATCP 
11 Truck Idling 2005 
12 Train Idling 2005 
13 Marine and Airport Operations 2005-2008 
14 More Stringent Requirements for Rule 1402 Sources Near 

Existing Schools and Possibly Other Sensitive Receptors 
2004-2005 

15 More Stringent Air Toxic Source-Specific Requirements for 
Sources Near Existing Schools and Possibly Other Sensitive 
Receptors 

2005-2008 

16 Develop and Launch Pollution Prevention Initiatives Ongoing 
17 Neighborhood Air Toxic Abatement Fund 2004 & Ongoing 
18 Additional Controls for Arsenic 2005 
19 Additional Control for Auto-body Shops 2005 
20 Diesel Traffic Flow Control Ongoing 
21 Analysis and Mitigation for Sources Contributing to High 

Cumulative Air Pollution Impacts (Cancer and Non-Cancer) 
2004 & Ongoing 

22 Odor Abatement Program for Existing Facilities (Nuisance 
Strategy) 

2005 & Ongoing 

23 ARB Component Ongoing 
24 U.S. EPA Component Ongoing 
25 Increased/Targeted Funding for Disproportionate Impacted Areas Ongoing 

*Initial development will commence upon the ATCP Addendum approval by the AQMD Governing Board.  Updates will be made 
in conjunction with future updates to the AQMP and ATCP, as well as using the results derived from the MATES III effort. 
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Table 4B 
Control Strategy Schedule 

(Sorted by Date) 
 

No. Title Date of Proposed 
Adoption 

9 Governing Board Resolution to CARB 2003 
1 Air Toxic Control for Back-up Generators 1st Quarter 2004 
2 More Stringent Requirements for New Sources Located Near 

Existing Schools and Possibly Other Sensitive Receptors 
2004 

7 Prioritize Resources for CEQA Document Review in High 
Cumulative Impact Areas 

2004 

8 Voluntary AQMD/Local Government/Public Agency Partnership 2004 
4 Chromium Spray Coating Operations 4th Quarter 2004 
3 Yard Hostlers at Ports, Rail Yards, and  

Distribution Centers 
2004-2005 

5 Private Fleet Rule Development 2004-2005 
6 Increased Compliance Assurance for Repeat Emission Violations 2004-2005 

14 More Stringent Requirements for Rule 1402 Sources Near 
Existing Schools and Possibly Other Sensitive Receptors 

2004-2005 

10 Pilot Odor Abatement Program 2004-2006 
17 Neighborhood Air Toxic Abatement Fund 2004 & Ongoing 
21 Analysis and Mitigation for Sources Contributing to High 

Cumulative Air Pollution Impacts (Cancer and Non-Cancer) 
2004 & Ongoing 

11 Truck Idling 2005 
12 Train Idling 2005 
18 Additional Controls for Arsenic 2005 
19 Additional Control for Auto-body Shops 2005 
13 Marine and Airport Operations 2005-2008 
15 More Stringent Air Toxic Source-Specific Requirements for 

Sources Near Existing Schools and Possibly Other Sensitive 
Receptors 

2005-2008 

22 Odor Abatement Program for Existing Facilities (Nuisance 
Strategy) 

2005 & Ongoing 

16 Develop and Launch Pollution Prevention Initiatives Ongoing 
20 Diesel Traffic Flow Control Ongoing 
23 ARB Component Ongoing 
24 U.S. EPA Component Ongoing 
25 Increased/Targeted Funding for Disproportionate Impacted Areas Ongoing 
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A. Introduction 

Commercial heavy-duty diesel trucks and buses (defined as commercial diesel buses 
and trucks exceeding 14,000 lbs gross vehicle weight rating (GVWR)) are currently the 
single largest source of nitrogen oxide (NOx) emissions in California, accounting for 
30% of statewide NOx emissions (ARB, 2008).  These same trucks buses are also the 
largest source of diesel particulate matter (diesel PM) in California, representing about 
40% of statewide diesel PM emissions.   
 
On-road mobile source emissions in California are currently calculated using the ARB’s 
EMFAC2007 model that was released in December of 2006 (ARB, 2006).  Since the 
last EMFAC release, Staff members have conducted a comprehensive re-evaluation of 
the heavy duty diesel truck emissions inventory.  In developing this new analysis, we 
have integrated new data and assumptions into an expanded methodology that builds 
upon current modeling in EMFAC2007.  With this methodology, we incorporate detail for 
different types of trucking operations and truck configurations that are referred to as 
“inventory categories”.  Emission factors differ from those in EMFAC2007 and reflect 
our enhanced knowledge of trucking operations in California that has been developed 
through this effort.  With this document we describe our approach and the results from 
its application.  With this document we also provide emissions estimates for each 
category of vehicles that would be regulated under the proposed Statewide Truck and 
Bus Regulation.   
 
B. Methodology 

Fundamentally the EMFAC model uses a simple, vehicle population-based technique 
for estimating emissions for any type of on-road vehicle.  We calculate emissions as the 
product of a population of vehicles, the number of miles traveled per vehicle, and 
emission rates for each vehicle per mile.  Beneath this simple equation lies a series of 
data and assumptions about the population, miles traveled, and emission rates per 
vehicle model year in a given calendar year, growth and attrition estimates, deterioration 
rates, and other factors that affect emissions estimates.   
 
Our revised approach for estimating commercial heavy-duty diesel truck emissions 
builds upon this concept by applying it separately for each category of trucks.  These 
categories were selected by evaluating different groups of trucks that have similar 
travel, service, size, age or other characteristics within the category but differing 
between categories. 
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The methodology used to develop the proposed rule inventory is based on the following 
equation:   
 

 EMSCY = ∑MY, C (POPMY, C X AC MY, C X ER MY, C) 
 
where: EMSCY is the emissions calculated in tons per day for a given calendar year 

CY. 
 POPMY, C is the population of trucks for model year MY within each inventory 

category C for a given calendar year; 
• ACMY, C is the accrual rate (miles traveled per year) per truck by model year 

MY and inventory category C in a given calendar year; 
• ERMY, C is the calculated emission rate, in grams pollutant per mile driven, 

assuming statewide speed travel distributions in EMFAC2007 and 
category-specific cumulative mileage accrual over the life of the truck, by 
model year MY and inventory category C; 

 
With this new analysis, we developed a population and model year distribution for each 
vehicle category.  We also estimated accrual by model year for the category and 
cumulative mileage accrual (odometer) by model year.  Because trucks can move 
between categories as they age, we assessed the movement of used trucks between 
categories in order to develop cumulative mileage accrual estimates that reflect this 
movement.  As a result, cumulative odometer readings by model year will not 
necessarily be consistent with accrual schedules for each inventory category.  We 
developed emission rates using EMFAC2007 and statewide speed distributions, and we 
adjusted emission rates for modeled odometer readings by category.  A more complete 
discussion of the data sources used is provided in the following section. 
 
C. Data Sources 

We have used many different data sources to develop input data to the methodology 
described above.  In this section we provide a general description of each data source 
as well as links for further information.   
 

1. Motor Vehicle Registration Data 

The California Department of Motor Vehicles (DMV) is responsible for the process of 
vehicle registration in California (DMV, 2001).  As part of this program, commercial 
trucks and buses are required to pay registration annually; however, vehicle owners 
have the option of registering their vehicles on a seasonal basis.  Staff have an 
agreement with the DMV to get registration data downloads in April and October of each 
year.  Staff process the data in order to compile a list of vehicles by vehicle class, body 
type, rated weight, and other parameters.   
 
Using each vehicle’s license plate configuration, which separates International 
Registration Plan (IRP) vehicles from non-IRP vehicles, each vehicle’s rated weight, 
and each vehicle’s body type data, we separated vehicles into different inventory 
categories.  As such DMV registration was the primary source for vehicle population 
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and model year by category.  We also used the DMV registration data to group trucks 
by fleet and thus fleet size.  With these data we could assess the fraction of owner-
operators in each category.  We did this by sorting data by owner/operator name and 
address before grouping trucks into trucking categories.  Overall, owner-operator trucks 
tend to be older than other trucks within the same inventory category.  These results will 
be discussed in detail in subsequent sections of this report describing each inventory 
category.   
 

2. International Registration Plan (IRP) 

The International Registration Plan is a program administered by the American 
Association of Motor Vehicle Administrators to transfer registration fees assessed to 
commercial and other vehicles that cross state boundaries, in accordance with the 
number of miles affected vehicles travel in each participating U.S. State or Canadian 
Province (IRP Inc., 2008).  IRP-registered vehicles most often include commercial 
heavy-duty trucks and buses but can also include government vehicles and smaller 
vehicles.  Under this program a fleet of vehicles has the option of registering their 
vehicles in any state where a portion of their fleet is domiciled.   
 
IRP recordkeeping varies by state with some states maintaining electronic databases 
and others paper files.  To facilitate data analysis, Staff obtained IRP data from states in 
electronic format whenever possible.  Staff received in electronic format comprehensive 
reports representing mileage driven by California-registered IRP trucks in calendar 
years 2000-2006, and obtained hardcopy samples of IRP data from a number of other 
jurisdictions for miles driven by their IRP trucks in California.   
 
IRP data representing California trucks were used to directly assess the population and 
model year distribution of these trucks, as well as the fraction of IRP-registered vehicles’ 
mileage accrual that occurs within California.  To evaluate out-of-state IRP data, we 
copied and analyzed one month’s worth of IRP updates by fleet.  This represents about 
9% of all fleets operating in a given state because a similar number of fleets are 
required to report each month.  Data were collected from four neighboring states 
(Arizona, Idaho, Nevada, Oregon) as well as eight non-neighboring states (Alabama, 
Indiana, Nebraska, New Jersey, Oklahoma, Tennessee, Texas, and Wisconsin).  Of 
these states, Alabama, Nebraska, New Jersey, and Oklahoma each provided a model 
year or Vehicle Identification Number (VIN) for each truck in each fleet, allowing detailed 
age distributions for each of these states to be developed.  Staff relied on roadside 
survey data to develop age distributions for other states. 
 
All IRP data are provided at the level of a fleet rather than the level of an individual 
vehicle.  Each fleet registered with the IRP reports the total number of power units or 
trucks in the fleet, the total miles traveled by that fleet, and the total miles traveled in 
California by that fleet.  Reporting is completed annually.  Many fleets reporting to IRP 
are large; as a result, the population of trucks reflected in that fleet’s report will reflect a 
large number of trucks that do not enter California even though they may be authorized 
to do so.  In addition, each state’s data format is different; some states provide 
information such as VIN or model year for each truck in the fleet, while other states 
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don’t.  Where model year data were available, staff used the information directly.  
Where model year data were not available but VIN data were, staff decoded the VIN to 
derive model year.  Staff also received a summary report from DMV that provided the 
total population of trucks in the IRP program from each state.  This report provided an 
estimate of the number of trucks in fleets cleared to come into California from other 
states.   
 

3. Motor Carrier Permit Program (MCPP) 

The California Department of Motor Vehicles and California Highway Patrol (CHP) 
jointly administer the Motor Carrier Permit Program (MCPP), which applies to any 
operator of a commercial vehicle in California exceeding 10,000 lbs GVWR or truck and 
trailer combinations exceeding 40 feet in length.  The program generally applies to all 
commercial vehicle operators with an office in California.  MCPP data provide 
information on the number of vehicles per fleet and the number of fleets operating in 
California; the data are separated between for-hire and private carriers.  The database 
does not provide license plate, VIN or GVWR of trucks in each fleet.   
 
We obtained the DMV/CHP 2005 database and used it to estimate the fraction of truck 
owner-operators in California.  These data were compared to similar estimates derived 
from DMV registration data.  Because the MCPP database does not provide information 
on individual truck size, activity, or model year, we ultimately chose to use DMV 
registration data to assess the fraction of total owners that are owner-operators.   
 

4. International Fuel Tax Agreement (IFTA) 

The International Fuel Tax Agreement (IFTA) is an agreement among U.S. states and 
Canadian provinces to simplify the reporting of fuel use taxes by interstate motor 
carriers. In California, IFTA is administered by the Motor Carrier Section of the Board of 
Equalization (BOE) (BOE, 2008).  The program operates similarly to IRP in that motor 
carriers may choose a state for filing fuel tax returns and then each state distributes fuel 
taxes among other states depending on the fraction of fuel burned and miles traveled by 
each fleet in each jurisdiction.   
 
Staff obtained 2005 aggregated IFTA data as well as 2006 and 2007 IFTA data 
summarized for each state by the California BOE.  For each state, BOE provided 
information on the number of miles traveled and the amount of fuel burned within 
California by trucks from each reported state.  However, data for 2006 and 2007 were 
incomplete with about 10% of the data in each of those years not summarized.  For 
states with incomplete data, we extrapolated estimates using overall population data 
from IRP.  Staff used the 2005 IFTA aggregated out-of-state records to estimate the 
miles traveled in California by out-of-state heavy-heavy duty trucks; Staff used the 2006 
and 2007 data to develop the ratio between trucks from neighboring and non-
neighboring states. 
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5. Vehicle Inventory and Use Survey (VIUS) 

The main intent of the Vehicle Inventory and Use Survey (VIUS) is to provide data on 
the physical and operational characteristics of the nation's private and commercial truck 
population (US Census Bureau, 2002), including national and state-level estimates of 
the total number of trucks.  Up until 2002, this survey was conducted every 5 years by 
the U.S. Census Bureau as part of the national census but VIUS is no longer being 
updated due to lack of funding.  Nevertheless, VIUS provides a wealth of information on 
truck body types, mileage accrual, odometer, and many other factors.   
 
We used VIUS data reported by trucks operating in California to develop mileage 
accrual rates and cumulative odometer by model year for interstate trucks and by model 
year and body type for California-based trucks.   
 

6. ARB Vehicle Surveys  

As part of this rule development, staff developed an on-line survey for truck and bus 
fleets in general (ARB, 2008), as well as industry-specific surveys of individual truck 
categories including agricultural trucks, dump trucks, and others.  These surveys 
provided information such as truck age, miles traveled, body type, and other factors 
useful for inventory development.   
 

7. Estimated Emission Rates 

The EMFAC2007 model (ARB, 2006a and 2006b) was used as the starting point for 
developing emission rates used in this inventory.  EMFAC2007 emission rates are 
based on analysis of chassis dynamometer testing conducted by the Coordinating 
Research Council (CRC) under the E55/59 testing program (CRC, 2007).  Although 
both heavy-heavy and medium-heavy duty trucks were tested in the E55/59 study, only 
heavy-heavy duty truck emission rates were updated for EMFAC2007. 
 
As part of this rule development, staff made three revisions to EMFAC emission rates.  
Medium-heavy duty truck emission rates were updated with new data made available 
through the CRC E55/59 program.  Staff re-evaluated assumed penetration rates of 
new technologies into truck sales between 2006 and 2011, and assessed the emissions 
impact of these revised assumptions.  Carbon dioxide emission rates were updated 
based upon new analysis of several different data sources.  Each of these revisions is 
discussed further in this document.  We anticipate incorporating these revised emission 
rates into the next EMFAC update scheduled for 2010.   
 

8. UC Davis Out-of-State Truck Travel Surveys 

In 2006 the ARB contracted with researchers at the University of California at Davis 
(UC-Davis) to develop and administer truck surveys at major border crossings into 
California from Oregon, Nevada, Arizona, and Mexico (Lutsey, 2008).  For these 
surveys, interstate trucks were assumed to be those trucks that were registered, 
domiciled, and/or refueled outside California.  Researchers administered 433 surveys of 
truck drivers at seven weigh stations near state borders with high commercial truck 
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traffic  (Lutsey, 2008).  These surveys provided estimates of annual travel activity in 
California for each of the respondents, allowing staff to estimate the number of out-of-
state trucks, their mileage, fuel usage, and fueling locations.  Based on results of this 
study, staff examined whether estimates of interstate truck age, mileage, and fuel usage 
assumed in EMFAC2007 were reasonable.    
 
Staff also used raw data from this analysis to validate estimates of model year 
distribution for out-of-state trucks that were developed using IRP data.  In an 
accompanying report, UC Davis estimated the fraction of total VMT in California 
represented by out-of-state trucks relative to EMFAC2007.  ARB did not use these 
estimates because, subsequent to the Lutsey (2008) report being finalized, staff 
received IFTA data from the BOE that provided direct mileage reports by state of 
registration.  These issues will be described in greater detail later in this document.   
 
D. Base Year Population and Activity by Age 

In Table 1 below, we provide a list of the data sources underlying each of the truck 
inventory categories to be discussed in the next section including how each data source 
was used to help develop truck population and activity estimates. 
 

Table 1.  Data Sources Used to Develop Population and Activity Estimates 

Type / 
Category Population Activity 

Heavy-Heavy 
/ Out-of-State 

CA Dept. of Motor Vehicles (DMV) International 
Registration Plan (IRP) reports; adjusted to 
account only for trucks that enter California.  
Model-year distribution from IRP data and 
surveys.  Category split between neighboring 
states (WA, OR, NV, AZ, ID) vs non-neighboring 
states.   

Vehicle Inventory and Use Survey (2002) -   
Fraction of mileage accrued in California 
estimated using IRP data samples and 
International Fuel Tax Agreement Data (IFTA) 

Heavy-Heavy 
/ California-
Interstate 

DMV CA-IRP reports provide population by 
model year 

VIUS for nationally registered trucks in IRP as 
above.  CA-IRP reports fraction of mileage 
accrued in CA, and IFTA reports for total 
mileage.   

Heavy-Heavy 
/ In-State 
Tractor 

DMV Registration data, adjusted to subtract 
vehicles from specific categories such as Utility, 
Drayage, and others.   

VIUS 2002 data   

Heavy-Heavy 
/ In-State 
Single 

DMV Registration data, adjusted to subtract 
specific vehicles from specific categories such as 
Utility, Drayage, and others.   

VIUS 2002 data   

Heavy-Heavy 
/ Drayage 
Tractors 

License plate and gate count surveys conducted 
at the Ports of Los Angeles, Long Beach, and 
Oakland.   

Trip-based model developed for ARB Drayage 
Truck Regulation; mileage accrual assumed flat 
at total mileage divided by total number of 
trucks.   

Heavy-Heavy 
/ Agricultural 
Trucks 

Age distribution from survey; population 
extrapolated from survey results; specialty trucks 
estimated from survey and registration data.   

Accrual from survey 

Heavy-Heavy 
/ Utility 
Trucks 

Population and age of trucks registered to public 
utilities in DMV database. 

Surveys conducted for ARB Public Fleet Rule.   
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Type / 
Category Population Activity 

Medium-
Heavy / In-
State Trucks 

DMV registration data VIUS 2002 data   

Medium-
Heavy / 
Interstate 
Trucks 

IRP reports VIUS 2002 data   

Medium-
Heavy / 
Agricultural 
Trucks 

Age distribution from survey; population 
extrapolated from survey results; specialty trucks 
estimated from survey and registration data.   

Accrual from survey 

Medium-
Heavy / Utility 
Trucks 

DMV registration data. Surveys conducted for ARB Public Fleet Rule.   

Buses / 
School California Highway Patrol Data ARB Surveys 

Buses / Other EMFAC2007 EMFAC2007 

Other / Power 
Take-Off 

No population estimated.  Total fuel usage 
provided by California State Board of 
Equalization; age distribution assumed same as 
in-state single-unit trucks 

Fuel usage converted to equivalent mileage 
assuming EMFAC speed distributions and fuel 
economy.   

 
 
One of the key assumptions in the development of this inventory is that trucks and 
buses that are grouped by vocation or body type have a common age distribution and 
accrual schedule.  This assumption has been verified through analysis of the data 
sources described above. 
 
Another assumption that applies to many truck inventory categories is that trucks 
typically move between categories as they age and accrue mileage.  Staff recognized 
this through analysis of DMV data.  For example, heavy-heavy duty diesel trucks 
(HHDDTs) that are used for interstate travel (e.g. by CA IRPs) are often retired from 
interstate travel after a few years due to increasing maintenance costs and bought for 
intrastate travel where reliability is less of a concern.  Vehicles are driven many more 
miles during interstate travel than during intrastate travel.  As a result, a ten year old 
truck that was used during its first five years for interstate travel and its last five for 
intrastate travel would, on average, have a higher odometer reading than a vehicle used 
strictly for intrastate travel during those ten years.  Staff used estimated as to when 
vehicles would most typically be transferred between inventory categories and adjusted 
the odometer readings from those assumed in EMFAC2007 appropriately. 
 
This section describes each vehicle category including the key assumptions and data 
analysis results that underlie the development of the inventory.  For each category we 
show the age distribution in calendar year 2008 as well as the anticipated mileage 
accrual of vehicles of different age.  We developed age distributions for trucks ranging 
between ages -1 and 44.  Trucks of age -1 represent vehicles sold and operated in the 
calendar year prior to the model year (e.g. MY2009 trucks sold in CY2008).  Model 
years beyond age 44 were included in the 44 age bin since the EMFAC model handles 
only 45 model years.  We also show the distribution of trucks in each category between 
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different fleet sizes where appropriate and the difference in the average age of vehicles 
between different-size fleets.  
 

1. Utility Fleets 

In October 2006, the ARB adopted a regulation designed to reduce emissions from 
diesel trucks that are owned or operated by private utilities that operate in California 
(ARB, 2006).  The utility truck category as defined by the regulation includes both 
medium-heavy (14,000 – 33,000 lbs gross vehicle weight rating or GVWR - MHDDT) 
and heavy-heavy (>33,000 lbs GVWR - HHDDT) trucks but does not include refuse 
haulers or fire trucks and other emergency vehicles operated by public agencies.  The 
regulation required fleet operators to reduce diesel PM emissions on a defined schedule 
by purchasing newer regulation-compliant engines or installing diesel particulate filters.  
The following methodology was used to develop a Utility Fleet emissions inventory. 
 

a) Base Year Population and Age Distribution by Fleet Size 

Staff used an identical methodology for assessing the utility truck population and model 
year distribution as was used in development of the utility fleet regulation (ARB, 2005).  
Staff developed a list of utility names and used those names to extract vehicles from 
DMV registration data.  Those vehicles were then separated by model year and weight 
category (MHDDT vs HHDDT).  The population-weighted average age of a vehicle in 
the utility fleet category was estimated at 8.2 years for HHDDT, 7.2 years for MHDDT.  
Figure 1 provides the distribution of the California utility truck population by age for 
calendar year 2008.  
 

Figure 1:  Utility Truck Population and Model Year Distribution (2008) 
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b) Base Year Accrual, Lifetime Accrual, and Mileage Thresholds 

Staff used accrual rates and cumulative odometer readings that were published in the 
utility fleet rule staff report (ARB, 2005).  These were developed by TIAX (2003); results 
showed that utility trucks accrue between 6,000 and 8,000 miles per year, with slightly 
more miles accrued per year by HHDDT.  The estimated annual average mileage 
accrual was 7,800 miles per year for HHDDT and 6,200 miles per year for MHDDT, all 
of which is assumed to occur in California.  The estimated average odometer reading 
was 122,000 miles for HHDDT and 78,000 miles for MHDDT.  In Figure 2 we plot 
annual accrual and cumulative modeled odometer readings for utility category trucks. 
     
Figure 2:  Utility Truck Category Accrual and Modeled Odometer Readings (2008) 
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c) Base Year Vehicle Miles Traveled by Fleet Size and Mileage 
Thresholds 

Utility fleet vehicles were not separated into different categories by fleet size or mileage 
threshold.  This vehicle and emissions inventory evaluates only the fleets of privately 
owned utilities.  The utility fleets of larger municipal agencies are not included in this 
assessment. 
 

2. Drayage Trucks Serving California’s Ports and Railyards 

In 2007 the ARB passed a regulation requiring NOx and diesel PM emissions reductions 
from drayage trucks serving California’s ports and railyards (ARB, 2007a).   Drayage 
trucks are typically older than other trucks in California and primarily serve the Ports of 
Los Angeles, Long Beach and Oakland along with railyards near those ports.  Drayage 
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truck travel is predominantly regional; in general, these trucks make multiple trips to and 
from the facilities each week.  Drayage trucks are all heavy-heavy duty vehicles, 
exceeding 33,000 lbs GVWR.  According to the regulation, by calendar year 2010 all 
drayage trucks must meet at a minimum model year 1994 or later emissions standards 
with a diesel particulate filter and by 2014 all trucks must meet 2007 truck emission 
standards.  The following methodology was used to develop the drayage truck 
emissions inventory:   
 

a) Base Year Population and Age Distribution by Fleet Size 

Drayage trucks are defined by their operation rather than body type.  Since DMV 
registration records provide information on body type but not vehicle operator, DMV 
registration cannot be used alone to estimate the statewide drayage truck population.  
The population of trucks serving the Ports of Los Angeles and Long Beach and 
associated railyards was derived from an analysis of one year of gate count and license 
plate information from approximately half of the terminals at the two Ports; these data 
were provided by officials from the ports.  Staff compared observed license plates to 
DMV data to assess model year distribution; we then extrapolated results to all 
terminals at both Ports.  A similar approach was used for the Port of Oakland and 
associated railyards.  Regulatory documentation (ARB, 2007b) describes in more detail 
the methodology used to assess the population of drayage trucks.  We estimated the 
age of drayage trucks serving other ports and railyards in California by assuming that 
these trucks were similar to those in the HHDDT (instate) tractor category (ARB, 
2007b).  The population-weighted average age of a vehicle in the drayage category was 
estimated at 12.4 years for trucks serving the Ports of Los Angeles and Long Beach and 
regional intermodal railyards and 9.7 years for drayage trucks serving Oakland and 
associated railyards and for trucks serving the remainder of California ports.  In Figure 3 
we provide drayage truck population by model year for calendar year 2008.  As shown, 
trucks serving the Ports of Los Angeles and Long Beach are typically several years 
older than drayage trucks serving other California ports. 
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Figure 3.  Drayage Truck Population and Model Year Distribution (2008) 
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b) Base Year Accrual, Lifetime Accrual, and Mileage Thresholds 

Staff used accrual rates and cumulative odometer readings published in the drayage 
truck rule staff report (ARB, 2007b) to estimate the vehicle miles traveled (VMT) 
associated with drayage trucks in each region.  Staff then assumed that accrual rates 
were independent of age for drayage trucks and that the vehicle population increased in 
proportion to the overall VMT for the inventory category. 
 
Drayage trucks serving the Ports of Los Angeles and Long Beach were estimated to 
drive around 41,000 miles per year.  Drayage trucks serving the Port of Oakland drive, 
on average, around 40,000 miles per year.  Drayage trucks serving other ports in 
California are assumed to have travel characteristics similar to in-state HHDDT tractors 
and therefore drive, on average, 49,000 miles per year.  All drayage-related VMT are 
assumed to accrue in California. Odometer readings are modeled assuming that 
drayage trucks were purchased used from larger national fleets that drive hundreds of 
thousands of miles in their first several years of operation.  This assumption is 
described in detail in the in-state tractor category.  The resulting average odometer 
reading as estimated was 860,000 miles for LA/LB trucks and 770,000 miles for trucks 
serving Oakland and other ports/railyards; the apparent difference from the mileage if 
projected from the accrual rate and the age results from the trucks likely having been 
used for other purposes before being converted to drayage trucks.  In Figure 4 we plot 
annual accrual and cumulative modeled odometer readings for drayage trucks.     
 

Figure 4.  Drayage Truck Category Accrual and Modeled Odometer Readings 
(2008) 
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c) Base Year Vehicle Miles Traveled by Fleet Size and Mileage 
Thresholds 

Drayage trucks were categorized by fleet size as single truck fleets, two truck fleets, 
three truck fleets, and fleets of more than three trucks.  No differentiation was made for 
drayage trucks with regard to mileage threshold, on the assumption that nearly all 
drayage fleets are operated in a similar manner.  In Table 2, Table 3, and Table 4 we 
show the distribution of VMT among drayage fleets of various fleet sizes and VMT-
weighted ages for trucks near the Ports of Los Angeles/Long Beach, Oakland, and all 
other California ports/railyards, respectively.  The age distribution of drayage trucks was 
also assumed not to differ with regard to fleet size.  With regard to the VMT-weighted 
average age within each category, drayage trucks near LA/LB were estimated to be 
older, on average, than drayage trucks near other facilities.  In Table 5 we provide a 
summary of the VMT driven by different size drayage trucks fleets serving all California 
facilities. 
 

Table 2.  Distribution of VMT among POLA/LB Drayage Trucks by Fleet Size 
(2008) 

Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 1,219,969 53.7% 12.4 
2 trucks 135,552 6.0% 12.4 
3 trucks 152,496 6.7% 12.4 
> 3 trucks 762,481 33.6% 12.4 
Total 2,270,498 100.0%   

 
Table 3.  Distribution of VMT among Port of Oakland Drayage Trucks by Fleet Size 

(2008) 

Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 210,556 53.7% 9.7 
2 trucks 23,395 6.0% 9.7 
3 trucks 26,319 6.7% 9.7 
> 3 trucks 131,597 33.6% 9.7 
Total 391,868 100.0%   

 
Table 4.  Distribution of VMT among Drayage Trucks at Other Ports/Railyards by 

Fleet Size (2008) 

Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 127,097 53.7% 9.1 
2 trucks 14,122 6.0% 9.1 
3 trucks 15,887 6.7% 9.1 
> 3 trucks 79,436 33.6% 9.1 
Total 236,542 100.0%   
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Table 5.  Distribution of VMT among Drayage Trucks at all California 
Ports/Railyards by Fleet Size (2008) 

Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 1,557,622 53.7% 11.8 
2 trucks 173,069 6.0% 11.8 
3 trucks 194,703 6.7% 11.8 
> 3 trucks 973,513 33.6% 11.8 
Total 2,898,907 100.0%   

 
3. Trucks Serving the Agricultural Economic Sector 

Agricultural trade associations, in conjunction with staff, administered a survey to 
farmers, ranchers, and other agricultural businesses designed to identify and 
characterize trucks associated with agricultural businesses.  The stakeholder survey 
was designed primarily to capture trucks owned and operated by farms, ranches, and 
first processing facilities, and was similar in format to the on-line survey used to collect 
information on the broader truck fleet as part of this rule development (ARB, 2008).  
Results from the survey were used to assess the population of MHDDT and HHDDT 
that operate in California for agricultural purposes, either seasonally or annually.  The 
survey was also used to assess the model year distribution and mileage accrual of 
these trucks, as well as the fraction that would be captured by proposed rule 
exemptions. 
 

a) Base Year Population and Age Distribution by Fleet Size 

To assess the model year distribution of agricultural trucks, we compiled survey results 
for MHDDT and HHDDT separately, and modeled the data in order to smooth trends in 
model year variability.  Based on analysis of the survey data, the population-weighted 
average ages of HHDD and MHHD agricultural trucks were found to be very similar 
(17.3 years for HHDDTs  and 17.2 years for MHDDTs).  
 
To assess population, we compiled the survey results and extrapolated the survey 
sample to a statewide population using the numbers of acres farmed and other metrics 
collected in the survey as scaling factors.  Using this methodology, Staff estimated a 
statewide agricultural truck population of between 40,000 and 60,000 vehicles.  
However, when staff compared the model year specific truck populations estimated 
using the extrapolated data to model year specific DMV registration data, they found 
that the extrapolated agricultural truck populations for certain model years exceeded the 
total number of trucks of that model year in the DMV database.  This suggested that the 
directly extrapolated survey results were overestimating the agricultural truck 
population, at least for those model years. 
 
In reviewing the surveys, staff found that very few were administered to farms or 
organizations that do not own agricultural trucks.  In effect, these businesses were 
excluded from the survey; thus, extrapolating the population using the metrics described 
above would overestimate the agricultural truck population.   
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To correct for this overestimation, we used the DMV registration data as an upper 
bound of the possible number of agricultural trucks of a given model year. 
 
Using the statewide truck population, we back-calculated an agricultural truck 
population assuming that the agricultural truck population, in any model year, could not 
exceed 80% of the total trucks registered in that model year.  With this technique, we 
assessed a likely population of 22,150 agricultural trucks in California, of which 45% are 
MHDDT and 55% are HHDDT. In Figure 5 we show the California agricultural truck 
population and model year distribution estimated for the 2008 calendar year.     
 

Figure 5.  Agricultural Truck Population and Model Year Distribution (2008) 
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b) Base Year Accrual, Lifetime Accrual, and Mileage Thresholds 

We analyzed survey results in order to estimate mileage accrual for agricultural trucks.  
Because agricultural HHDDT are assumed to be purchased used, their modeled 
odometer follows a composite that accounts for the mix of single-unit and combination 
trucks entering the category as well as the likelihood that most tractors currently in the 
agricultural category were previously in other categories.  Because in-state tractors and 
single-unit trucks are driven more, on average, than agricultural trucks, the composite 
odometer reading is projected to be higher than the odometer reading of a truck that 
had been used exclusively for agriculture.  These trucks then follow the agricultural 
truck accrual rate upon transition.  Agricultural MHDDT also followed a composite rate, 
since in-state MHDDT were also assumed to migrate toward the agricultural category.  
The average odometer reading for agricultural was estimated to be approximately 
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601,000 miles for HHDDT and 293,000 miles for MHDDT.  The average annual mileage 
accrual  was estimated to be 23,000 miles for HHDDT agricultural trucks and 11,000 
miles for MHDDT agricultural trucks.  All miles are assumed to accrue in California.  We 
present the results in Figure 6.   
 

Figure 6.  Agricultural Truck Category Mileage Accrual and Modeled Odometer 
(2008) 
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c) Base Year Vehicle Miles Traveled by  Size and Mileage Thresholds 

Staff did not categorize agricultural trucks by fleet size.  With regard to application, both 
medium-heavy and heavy-heavy trucks were categorized into specialty and non-
specialty vehicles.   Specialty vehicles are specifically defined under the proposed 
regulation as water trucks used on the farm, nurse rigs, cotton module movers, or feed 
or mixer feed trucks owned by a cattle or calf feedlot.  Using this definition, by analyzing 
the DMV registration data, we found that 10% of agricultural trucks or approximately 
2200 agricultural trucks statewide were specialty vehicles.   
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Non-specialty agricultural trucks were categorized according to mileage thresholds, 
since the regulation is to be applied differently to vehicles driven different mileage 
thresholds each year.  The regulation sets the low use mileage threshold for trucks in 
general at 10,000 miles per year.  Vehicles that exceed 10,000 miles per year but do 
not exceed an upper mileage threshold need to turnover or retrofit their trucks prior to 
2017.  Agricultural trucks are below the upper mileage threshold if they fall into one of 
the following three categories: 
 

� MY 1995 or earlier, and driven less than 15,000 miles/year 
� MY 1996-2005, and driven less than 20,000 miles/year, or 
� MY 2006 or newer, and driven less than 25,000 miles/year 

 
These categories of agricultural truck are subject to regulatory requirements at the 
beginning of calendar year 2017 and are categorized as “between mileage thresholds”.  
The third category consists of trucks that exceed the upper VMT threshold; these trucks 
are subject to the ARB regulation according to the standard turnover and retrofit 
timeline. 
 
In Table 6 we show the distribution of daily VMT among medium-heavy agricultural 
trucks in California in calendar year 2008. In Table 7 we show the distribution of daily 
VMT among heavy-heavy agricultural trucks in California in 2008.  In each table we also 
show the average VMT-weighted age by mileage threshold.  For both heavy-heavy and 
medium-heavy agriculture truck weight classes, the trucks driven the fewest miles 
tended to be older than other vehicles.  
 
Table 6.  Distribution of VMT among Medium-Heavy Agricultural Trucks by Fleet 

Size (2008) 

Vehicle Type Daily VMT Share VMT-weighted 
Average Age 

Non specialty, below lower threshold 46,021 13.4% 16.0 
Non specialty, between thresholds 78,768 23.0% 10.3 
Non specialty, above upper threshold 183,598 53.6% 9.2 
Ag specialty vehicle 34,265 10.0% 10.5 
Total 342,652 100.0%   

 
Table 7.  Distribution of VMT among Heavy-Heavy Agricultural Trucks by Fleet 

Size (2008) 

Vehicle Type Daily VMT Share VMT-weighted 
Average Age 

Non specialty, below lower threshold 82,489 9.4% 17.1 
Non specialty, between thresholds 62,773 7.1% 12.5 
Non specialty, above upper threshold 645,375 73.5% 10.5 
Ag specialty vehicle 87,849 10.0% 11.4 
Total 878,486 100.0%   
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4. Medium Heavy Duty Diesel Trucks 

Staff estimate that more than 200,000 MHDDT are registered in and operate in 
California.  These trucks are primarily lighter weight delivery trucks with a GVWR 
between 14,000 and 33,000 lbs that travel during the work day within the area where 
they are registered.  Most of these trucks are registered in and never leave California, 
although a few are California-registered and in the IRP program, and a few enter 
California from other states.  Most MHDDTs are found in fleets of two or more although 
some are single-truck-fleet.   
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a) Base Year Population and Age Distribution by Fleet Size 

Staff identified MHDDT in the DMV registration database by selecting all diesel powered 
vehicles with a GVWR between 14,000 and 33,000 lbs.  The data were then analyzed in 
two ways.  First, staff sorted the registration data by owner name and address to identify 
the number of vehicle records associated with a unique owner.  This list was then used 
to develop the fleet size distribution, including the number of owner-operators and small 
fleets.  Staff then used a combination of license plate and IRP registration data to 
estimate how many of the MHDDT are registered in California compared to other states, 
as well as what fraction of their travel is solely within California.  Staff found that the vast 
majority of MHDDT that are registered in California never leave California.  Also, using 
IRP data, staff estimated that very few out-of-state trucks fall into the MHDDT category.  
Since both the public and agricultural truck categories include MHDDT, we subtracted 
these by model year from the in-state MHDDT category to avoid double counting.  We 
estimated the population-weighted average age of an out-of-state or IRP MHDDT at 5.4 
years as compared to 8.0 years for an instate MHDDT.  In Figure 9 we show the 
population and age distribution estimated for MHDDTs operating in California.   
 

Figure 7.  MHDDT Population and Model Year Distribution (2008) 

0

5,000

10,000

15,000

20,000

25,000

-1 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43

Age

P
o

p
u

la
ti

o
n

MH Instate MH Out of state MH CAIRP
 

 
b) Base Year Accrual, Lifetime Accrual, and Mileage Thresholds 

Staff used the most recent VIUS database (calendar year 2002) to estimate annual 
mileage accrual and modeled odometer readings for MHDDT.  We did not differentiate 
between in-state and interstate MHDDT with modeled odometer readings.  Staff used 
CA IRP data to calculate the fraction of total mileage accrual that occurs in California on 
average.  Staff estimated that CA IRP MHDDT drive 63% and out-of-state registered 
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MHDDT 8% of their total annual miles in California.  We estimated the average 
odometer reading as 161,000 miles for out-of-state MHDDT and CA IRP MHDDT and 
207,000 miles for instate MHDDT.  We estimated the average annual mileage accrual to 
be 22,000 miles for out-of-state and CA IRP MHDDT and 20,000 miles for instate 
MHDDT.  Of the 22,000 miles driven annually by out-of-state and CA IRP MHDDTs, it 
was assumed that out-of-state vehicles drive only 8% (1,800 miles) of their annual miles 
in California as compared to 64% (14,000 miles) for CA IRP vehicles. The difference in 
average annual accrual resulted from the different age distribution representing the 
population within each category.  In Figure 8 we plot the annual accrual in California 
and cumulative modeled odometer readings for MHDDT by age and category.   
 

Figure 8.  MHDDT Accrual and Modeled Odometer (2008) 
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Figure 8 shows the annual mileage accrual rates to be similar for medium-heavy duty 
diesel CA Instate, CA Out-of-State, and CA IRP-registered trucks.  However, these 
accrual rates are simply the total accrual rates for the vehicles in each inventory 
category; they do not represent the accrual rate for vehicles in each category within 
California.  Because the share of annual travel within California varies between 
categories (8% for Out-of-State; 63% for CA-IRP; 100% for MHDDT Instate), the 
accrual rate for vehicles within California also varies for each category.  We show these 
accrual rates in Figure 9; because California-registered MHDDT are assumed to spend 
100% of their time in California, they have the highest CA accrual rate. 
 

Figure 9.  MHDDT Accrual in California and Modeled Odometer (2008) 
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c) Base Year Vehicle Miles Traveled by Fleet Size and Mileage 

Thresholds 

We categorized medium-heavy duty diesel trucks by fleet size as single-truck fleets, 
two-truck fleets, three-truck fleets, and fleets of more than three trucks.  We also 
categorized MHDDT based on their annual miles driven since the regulation is to be 
applied differently to vehicles used at differing mileage levels.  The mileage threshold of 
significance for MHDDT from a regulatory perspective is 5,000 miles per year.  In Table 
8, Table 9, and Table 10 we show the distribution of daily VMT driven in California in 
calendar year 2008 by different size fleets of instate, CA-IRP, and out-of-state 
MHDDTs, respectively.  Each table also shows the VMT-weighted average age of the 
trucks as a function of fleet size.  For all categories of MHDDT, regardless of miles 
driven or state of registration, the smaller the fleet, the older the truck.  Also, very little 
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(less than 2%) of the total statewide MHDDT VMT is driven by vehicles in fleets driving 
less than 5,000 miles a year.  In addition, MHDDTs driving less than 5,000 miles a year 
are significantly older (4 to 6 years older) than those in comparable size fleets that drive 
more than 5,000 miles a year.     
 
Table 8.  Distribution of VMT among Medium-Heavy Instate Vehicles by Fleet Size 

(2008) 

  Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 80,942 0.6% 13.4 
2 trucks 25,478 0.2% 13.1 
3 trucks 15,111 0.1% 13.0 

Below 5000 miles 

> 3 trucks 107,142 0.8% 11.6 
1 truck 3,786,410 29.7% 7.0 
2 trucks 1,244,223 9.8% 6.8 
3 trucks 740,914 5.8% 6.9 

Above 5000 miles 

> 3 trucks 6,731,027 52.9% 5.7 
  Total 12,731,247 100.0%   

 
Table 9.  Distribution of VMT among Medium-Heavy CAIRP Vehicles by Fleet Size 

(2008) 

  Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 95 0.1% 8.2 
2 trucks 61 0.1% 8.4 
3 trucks 68 0.1% 9.2 

Below 5000 miles 

> 3 trucks 616 0.8% 9.4 
1 truck 9,684 13.0% 4.3 
2 trucks 6,018 8.0% 4.3 
3 trucks 5,943 7.9% 4.5 

Above 5000 miles 

> 3 trucks 52,292 69.9% 4.7 
  Total 74,777 100.0%   

 

340 of 900

340 of 900



 

G-23  

Table 10.  Distribution of VMT among Medium-Heavy Out-of-state Vehicles by 
Fleet Size (2008) 

  Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 54 0.1% 8.2 
2 trucks 35 0.1% 8.4 
3 trucks 39 0.1% 9.2 

Below 5000 miles 

> 3 trucks 353 0.8% 9.4 
1 truck 5,552 13.0% 4.3 
2 trucks 3,450 8.0% 4.3 
3 trucks 3,407 7.9% 4.5 

Above 5000 miles 

> 3 trucks 29,980 69.9% 4.7 
  Total 42,871 100.0%   

 
5. California Registered Heavy Heavy Duty Diesel Trucks 

California is somewhat unique in the United States in that it has a comparatively large 
population of older heavy-heavy duty diesel trucks.  These trucks, with an average age 
of 10 to 12 years, generally do not travel outside California, operating practically as a 
captive fleet.  These California registered trucks drive fewer miles per truck than IRP 
trucks registered in California, both because they are older and less mechanically 
reliable and because they are engaged in more localized trucking services than their 
out-of-state registered counterparts.  Consequently, California registered HHDDT are 
much more likely to drive in the air basin in which they are primarily based.   
 
When evaluating VIUS data we realized there is a significant difference in the mileage a 
truck travels depending upon whether it is a single-unit truck or a combination tractor.  
On average, combination tractors drive more miles per year than single-unit trucks.  We 
also found that while single-unit trucks tend to be purchased new in California and then 
operate in California for the life of the truck, in-state tractors tend to begin their life as 
interstate trucks and then transition into in-state usage as they age and accrue miles.  
Analysis of the VIUS data indicates interstate trucks are generally sold into the in-state 
fleets between 2 and 6 years of age, having accrued approximately 500,000 miles in 
interstate service.  
 

a) Base Year Population and Age Distribution by Fleet Size 

To develop population estimates for in-state HHDDT, staff used DMV registration data 
(license plate number and GVWR) to identify those HHDDT that operate solely within 
California (in-state).  Staff then analyzed DMV and IRP data to identify only California 
registered IRP trucks.  Next, staff used the DMV data to assess the body type of each 
in-state truck.  We then used the DMV data to estimate the population and model year 
distribution of in-state single-unit trucks, in-state tractors, and California IRP trucks.  We 
subtracted the populations of utility trucks, drayage trucks, and agricultural trucks 
estimated elsewhere from the in-state HHDDT category, by body type and registration, 
to estimate the number of in-state tractors and avoid double counting. 
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In Figure 10 we provide the estimated population and age distribution for in-state 
HHDDT categories in California in calendar year 2008.  In general, vehicles traveling 
only in California are older than those traveling out-of-state and single unit trucks are 
slightly older than comparable model year tractors.  As shown in Figure 10, CA IRP 
trucks have a population-weighted average age of 6.2 years, while in-state tractors 
average age 9.9 years, and single-unit trucks average 10.2 years old. 
 

Figure 10.  California-Registered In-State HHDDT Population and Model Year 
Distribution (2008) 
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b) Base Year Accrual, Lifetime Accrual, and Mileage Thresholds 

Staff used VIUS to assess annual mileage accrual rates by body type for in-state 
HHDDT and CA-IRP trucks.  This analysis indicated that California IRP trucks drive 
about 55% of their total miles in California.  Because used trucks are sold into the in-
state tractor category from interstate categories, and interstate category tractors drive 
more miles than in-state tractors during their early years, we developed a composite 
modeled odometer to represent in-state tractors.  The composite odometer estimate 
assumes a high annual mileage in early model years when a tractor is in long-haul 
service and lower annual mileage once a tractor begins shorter haul service in the in-
state category.  For comparative purposes, a vehicle of a given model year that had 
been used exclusively for interstate purposes would have a higher odometer reading 
than a vehicle of the same age that had been used exclusively for instate purposes; a 
vehicle that had been used earlier in its life for interstate purposes and later for instate 
purposes would likely have an odometer reading between the two.  The average 
odometer reading estimated using this approach was 723,000 miles for instate HHDDT, 
338,000 miles for single-unit HHDDT, and 668,000 miles for CAIRP HHDDT.  The 
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average annual mileage accrual was estimated to be 51,000 miles for instate HHDDT, 
25,000 miles for single-unit HHDDT, and 75,000 miles for CAIRP HHDDT (of which 
43,000 miles are driven in California).  Figure 11 provides in-state HHDDT mileage 
accrual and modeled odometer by model year; these data reflect the assumption of 
composite use.  For comparative purposes, in Figure 12 we provide the composite 
odometer reading for instate trucks of various model years in calendar year 2008 
compared with the modeled odometer reading for similar trucks used purely for in-state 
or interstate long-haul traffic.   
 

Figure 11.  HHDDT In-state and Interstate Fleet Accrual and Modeled Odometer 
(2008) 
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Figure 12.  HHDDT In-State Tractor Modeled Odometer (2008) 
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c) Base Year Vehicle Miles Traveled by Fleet Size and Mileage 
Thresholds 

We categorized heavy-heavy duty diesel trucks by fleet size as single-truck fleets, two-
truck fleets, three-truck fleets, and fleets of more than three trucks.  We also 
categorized the fleets by their annual VMT since the regulation is to be applied 
differently to trucks driven at different mileages each year.  The mileage threshold of 
significance for HHHDT from a regulatory perspective is 7,500 miles per year.  In Table 
11 we show the distribution of daily VMT and the VMT-weighted average age as a 
function of fleet size and annual miles driven for heavy-heavy instate trucks in California 
in 2008.  Heavy-heavy duty diesel instate trucks driving less than 7,500 miles a year are 
significantly older (5 years) than their counterparts driving more than 7,500 miles a year 
and contribute less than 2% of the total VMT driven each year by in-state HHDDTs.  
Regardless of miles driven, HHDDT in smaller fleets are on average older than those in 
larger fleets. 
 

Table 11.  Distribution of Daily VMT among California Instate Tractors Heavy-
Heavy Duty Vehicles by Fleet Size (2008) 

  Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 44,925 0.4% 15.2 
2 trucks 12,992 0.1% 15.4 
3 trucks 7,370 0.1% 15.3 

Below 7500 miles 

> 3 trucks 48,792 0.5% 13.6 
1 truck 3,031,868 29.1% 10.1 
2 trucks 902,069 8.7% 9.7 
3 trucks 529,836 5.1% 9.5 

Above 7500 miles 

> 3 trucks 5,835,899 56.0% 6.4 
  Total 10,413,751 100.0%   
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In Table 12 we show the distribution of daily VMT as a function of fleet size and mileage 
driven for heavy-heavy single-unit trucks operating in California in calendar year 2008.  
In Table 13 we show the distribution of daily VMT as a function of fleet size and mileage 
driven in California for heavy-heavy trucks licensed in California under the International 
Registration Program in California in 2008.  Each table also shows the average VMT-
weighted age of vehicles within the fleets of different sizes; in each case, the trucks 
driven fewer miles tended to be older than trucks driven more miles, and the average 
age of vehicles within a fleet was also estimated to decrease with the size of the fleet. 
 

Table 12.  Distribution of Daily VMT among Single-Unit Heavy-Heavy Duty 
Vehicles by Fleet Size (2008) 

  Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 37,585 1.1% 15.6 
2 trucks 13,153 0.4% 15.5 
3 trucks 7,951 0.2% 14.8 

Below 7500 miles 

> 3 trucks 63,491 1.9% 13.5 
1 truck 766,081 22.5% 10.3 
2 trucks 279,769 8.2% 9.9 
3 trucks 185,491 5.4% 9.2 

Above 7500 miles 

> 3 trucks 2,057,340 60.3% 7.1 
  Total 3,410,860 100.0%   

 
Table 13.  Distribution of Daily VMT among California International Registration 

Program Vehicles in California by Fleet Size (2008) 

  Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 5,804 0.1% 10.8 
2 trucks 2,096 0.0% 10.9 
3 trucks 1,223 0.0% 11.4 

Below 7500 miles 

> 3 trucks 9,801 0.1% 11.3 
1 truck 2,198,998 26.5% 6.0 
2 trucks 812,823 9.8% 5.8 
3 trucks 460,037 5.6% 5.7 

Above 7500 miles 

> 3 trucks 4,791,942 57.9% 4.6 
  Total 8,282,725 100.0%   

 
6. Out-of-State Heavy Heavy Duty Diesel Trucks 

According to the California Department of Finance, California’s economy is the eighth 
largest in the world (DOF, 2008).  Foreign trade, construction, and transportation are all 
major contributors to California’s economy, and these economic sectors attract the 
services of national trucking fleets including large numbers of out-of-state heavy-heavy 
duty diesel trucks.   
 

346 of 900

346 of 900



 

G-29  

a) Base Year Population and Age Distribution by Fleet Size 

No single source of information describes out-of-state truck activity in California.  To 
develop an inventory, staff conducted detailed research into the IRP and IFTA 
programs.  The California DMV provided staff with a report providing the total number of 
out-of-state trucks, by state, that are enrolled in the IRP program and in fleets that 
reported any travel in California.  These data suggested that more than one million 
trucks are in fleets that report mileage in California.  However, this is likely to be an 
upper estimate as not all of the trucks in these fleets actually enter California.  To better 
constrain the number of out-of-state trucks entering California, staff analyzed IRP data 
in greater detail, as described below. 
 
In analyzing the age distribution of out-of-state trucks, staff divided heavy-heavy duty 
trucks into two groups based on their proximity to California under the assumption that 
trucks traveling longer distances are younger.  Neighboring states were considered to 
include British Columbia, Washington, Oregon, Idaho, Nevada, and Arizona while non-
neighboring states included all other states and Canadian provinces.  Staff sampled IRP 
data from 12 states to obtain a statistically representative sample of data.  IRP data 
suggested neighboring state trucks are on average 6.1 years old and have a model year 
distribution similar to that of California interstate trucks while non-neighboring state 
trucks are on average around 3.3 years old, much younger than other interstate trucks.  
Recent field studies supported by the ARB have confirmed this trend (Lutsey, 2008).     
 
To better understand the population of out-of-state trucks that actually operate in 
California, staff developed a methodology to assess the number of trucks in a fleet likely 
to enter California.  We evaluated all of the collected non-California registered IRP data 
by fleet.  For each fleet we calculated the number of miles traveled in California per 
truck as reported in the IRP data.  We then assumed an average trip length depending 
on the registered location of each fleet and where those trucks would most likely travel 
in California.  In many cases the assumed trip length was longer than the calculated 
number of miles traveled per truck in the IRP data.  In those cases, we calculated the 
population operating in California as the total miles traveled in California divided by the 
assumed trip length.  For all other fleets we assumed all of the reported trucks in that 
fleet actually enter California.  Staff then recompiled the population for trucks from 
neighboring states and non-neighboring states.  The results suggested for fleets in 
states neighboring California, approximately 60% of trucks in those fleets authorized to 
enter California actually do so.  Of fleets in states not neighboring California, 
approximately 40% of the trucks authorized to enter California are estimated to actually 
do so. 
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The fraction of owner-operators in the out-of-state category was based on the IRP 
samples collected.  The population-weighted average age of HHDDT from neighboring 
states was estimated to be 6.2 years while HHDDT from non-neighboring states were 
estimated to be on average 3.6 years old.  These estimates were each close to the IRP 
estimates.   In Figure 13 we provide estimates of the out-of-state population and model 
year distribution of heavy-heavy duty diesel trucks operating in California in calendar 
year 2008.  
 

Figure 13.  Out-of-State HHDDT Population and Model Year Distribution (2008) 
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b) Base Year Accrual, Lifetime Accrual, and Mileage Thresholds 

Staff used VIUS to assess accrual rates for the nationwide IRP truck category traveling 
in California.  Staff then evaluated IRP sample data to estimate the fraction of miles 
accrued in California and 2005 IFTA records to quantify the total miles traveled in 
California by out-of-state HHDDT.  Results suggested that trucks from neighboring 
states travel on average 40% of their total mileage in California, while trucks from non-
neighboring states travel around 10% of their total mileage in California.  The average 
odometer reading was estimated to be 668,000 miles for neighboring out-of-state 
HHDDT and 473,000 miles for non-neighboring out-of-state HHDDT.  The average 
annual mileage accrual was estimated as 75,000 miles per year (30,000 miles per year 
in CA) for neighboring out-of-state HHDDT and 85,000 miles per year (8,400 miles per 
year in CA) for non-neighboring out-of-state HHDDT.  In Figure 14 we provide estimates 
of the average annual mileage accrual and modeled odometer by model year for out-of-
state heavy-heavy duty diesel trucks operating in California in calendar year 2008.   
 

Figure 14.  Out-of-State Truck Accrual and Modeled Odometer (2008) 

0

20,000

40,000

60,000

80,000

100,000

120,000

-1 1 3 5 7 9 1113151719212325272931333537394143

Age

A
cc

ru
al

 (
m

ile
s/

yr
)

0

400,000

800,000

1,200,000

1,600,000

2,000,000

2,400,000

O
d

o
m

eter (m
iles)

HH NOOS Total Accrual HH NNOOS Total Accrual

HH NOOS Odometer HH NNOOS Odometer
 

 

349 of 900

349 of 900



 

G-32  

In Figure 14, the accrual rates for HHDDT NOOS and NNOOS trucks are shown to be 
equal, but these rates represent the overall accrual for the trucks.  Because trucks from 
states neighboring California drive a larger fraction of their annual miles in California 
than trucks from non-neighboring states, the model used for this analysis reflects 
different accrual rates for vehicles in each category in California.  We show these in 
Figure 15. 
 

Figure 15.  Out-of-State Truck Accrual within California and Modeled Odometer 
(2008) 
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c) Base Year Vehicle Miles Traveled by Fleet Size and Mileage 
Thresholds 

Staff also categorized heavy-heavy duty diesel trucks from outside California by fleet 
size as single truck fleets, two truck fleets, three truck fleets, and fleets of more than 
three trucks.  We also categorized fleets based on the annual VMT of trucks, since the 
regulation is to be applied differently to fleets used at differing mileage levels.  The 
mileage threshold of significance for HHDDT from a regulatory perspective is 7,500 
miles per year.   In Table 14 we show the distribution of daily VMT driven in California in 
calendar year 2008 by heavy-heavy diesel trucks of different fleet sizes registered in 
states neighboring California.  In Table 15 we show the distribution of daily VMT driven 
in California in calendar year 2008 by heavy-heavy diesel trucks registered in non-
neighboring states in 2008.  Each table also shows the average VMT-weighted age of 
vehicles within each fleet size; we estimated the average age to be higher for vehicles 
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driven fewer miles.  We estimated the average age to be independent of the fleet size 
for vehicles registered outside California.  
 

Table 14.  Distribution of Daily California VMT among Heavy-Heavy Duty Diesel 
Trucks Registered in Neighboring States by Fleet Size (2008) 

  Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 1,149 0.0% 11.1 
2 trucks 357 0.0% 11.1 
3 trucks 261 0.0% 11.1 

Below 7500 miles 

> 3 trucks 7,253 0.2% 11.1 
1 truck 501,599 12.7% 5.1 
2 trucks 155,808 3.9% 5.1 
3 trucks 113,815 2.9% 5.1 

Above 7500 miles 

> 3 trucks 3,167,429 80.2% 5.1 
  Total 3,947,672 100.0%   

 
Table 15.  Distribution of Daily VMT among Heavy-Heavy Duty Diesel Trucks 

Registered in States not Neighboring California by Fleet Size (2008) 

  Fleet Size Daily VMT Share VMT-weighted 
Average Age 

1 truck 188 0.0% 8.3 
2 trucks 58 0.0% 8.3 
3 trucks 41 0.0% 8.3 

Below 7500 miles 

> 3 trucks 11,610 0.1% 8.3 
1 truck 192,875 1.6% 3.1 
2 trucks 58,926 0.5% 3.1 
3 trucks 41,740 0.3% 3.1 

Above 7500 miles 

> 3 trucks 11,889,217 97.5% 3.1 
  Total 12,194,654 100.0%   

 
7. Buses 

The proposed regulation achieves emissions reductions for two classes of buses: 
school buses and other buses.  School buses may be either privately- or publicly-
owned, but must be used exclusively for transporting students in accordance with the 
definition of school buses in the California Vehicle Code.  Other buses are defined as all 
buses identified in the DMV database that cannot be categorized as school buses and 
are not owned by public transit agencies. This category includes intercity buses, charter 
buses, and church buses.  This section describes the assumptions used to develop a 
baseline emissions inventory for school buses and other buses. 
 

a) Base Year Population and Age Distribution by Fleet Size 

Staff used a calendar year 2005 database of school buses compiled by the CHP to 
estimate the population and age distribution of school buses in California in 2005 
(California Highway Patrol, 2006).  The age distribution of school buses in 2005 was 
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assumed to be consistent with the age distribution of school buses between 2000 and 
2004. 
 
Staff used the survival rate of school buses in EMFAC2007 and the existing Lower 
Emissions School Bus Program (LESBP) to estimate the age distribution of school 
buses in future years.  Specifically, the impact of the LESBP was modeled as though: i) 
all pre-1985 model year school buses will be replaced by buses that meet 2007 
emission standards as of December 31, 2009, and ii) 50% of 1985 and 1986 model year 
school buses will be replaced with school buses that meet 2007 emission standards by 
December 31, 2010. In addition, the maximum age for a school bus was set at thirty 
years; any school bus older than thirty years was assumed to be replaced with a new 
bus. Any school bus that was retired due to age or attrition was assumed to be replaced 
in the population with a new school bus. The aggregate population of diesel school 
buses was assumed to remain unchanged; any increases to the total school bus 
population were assumed to represent new vehicles using natural gas or some other 
alternative fuel entering the fleet. 
 
Other buses were assumed to follow the age distribution of such vehicles as modeled in 
EMFAC2007.  The population-weighted average age was estimated to be 12.2 years for 
school buses and 9.6 years for other buses.  We compare the age distribution of school 
buses and other buses operating in California as modeled for calendar year 2008 in 
Figure 16. 
 

Figure 16.  Bus Population and Model Year Distribution (2008) 
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b) Base Year Accrual, Lifetime Accrual, and Mileage Thresholds 

In the absence of new information, staff used the average annual mileage accrual and 
odometer estimates assumed for buses in EMFAC2007 to estimate the benefits of the 
proposed rule. The average odometer reading was estimated to be 173,000 miles for 
school buses and 222,000 miles for other buses.  The average annual mileage accrual 
was estimated to be approximately 13,000 miles for school buses and 22,000 miles for 
other buses.  All such miles are assumed accrue in California.  We show in Figure 17 
the average annual mileage accrual and odometer estimates for school buses and other 
buses in California in calendar year 2008.. 
 

Figure 17.  Bus Accrual and Modeled Odometer (2008) 
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c) Base Year Vehicle Miles Traveled by Fleet Size and Mileage 

Thresholds 

Buses were not differentiated by fleet size or mileage threshold in this inventory as 
buses are not treated differently in the proposed regulation based on these criteria. 
 

8. Power Take Off Operations in California 

Power Take Off (PTO) operations are those that result in emissions related to activities 
other than travel, such as a crane lifting objects or a cement mixer processing raw 
materials. Emissions associated with these operations are more accurately quantified 
using fuel consumption than vehicle miles traveled, the usual activity metric for on-road 
vehicles.  
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a) Estimating Fuel Usage 

Staff did not estimate the actual population or distribution of PTO activity.  Instead we 
used fuel consumption data for PTO operations in California in calendar year 2005 as 
reported by the California Board of Equalization. 
 

b) Converting Fuel Usage to Activity by Age 

The age distribution PTO equipment was assumed to follow the same age distribution 
as HHDDT single-unit trucks.  This distribution was given earlier in Figure 10. 
 
Mileage accrual was not directly estimated for PTO operations since, as mentioned 
previously, emissions generally occur while the equipment is stationary.  Staff used the 
fuel consumption rate in EMFAC2007 for HHDDT single-unit trucks at twenty miles-per-
hour with the fuel consumption estimated by the CA Board of Equalization to back-
calculate the VMT-equivalent for PTO activity in California, assuming the speed profile 
embedded in EMFAC2007. 
 
E. Emission Rates 

For most categories, staff have used EMFAC2007 and modeled cumulative mileage to 
develop category-specific emission rates.  We have also updated several estimates of 
emission rates based upon recent data analysis.  In this section we describe the 
methods used to estimate emission rates.  In each case, a reference is provided for 
more detailed information as to the basis for the emission rates.  The specific emission 
rates assumed for vehicles of each fleet will be provided in a database scheduled to be 
released in conjunction with the staff report.. 
 

1. Updated MHDDT Emissions 

In EMFAC2007, staff did not update the emission factors for medium heavy heavy-duty 
trucks (MHDDT).  Subsequent to the release of EMFAC2007, the CRC made emissions 
test data available for MHDDT available to staff through its E55/59 project final report.  
This proposed regulation incorporates updated MHDDT emission factors developed by 
staff using the latest E55/59 study results. 
 
To revise the MHDDT emission factors for this analysis, staff merged the E55/59 data 
into the data set that was used to develop MHDDT emission factors for EMFAC2002.  
From this combined data set, staff then recalculated revised zero-mile rates (ZMR) and 
deterioration rates (DR) for MHDDT. 
 
The method for deriving MHDDT ZMR and DR is the same as that used for calculating 
emission factors for heavy heavy-duty trucks (HHDDT); the methodology has been 
described in detail in an EMFAC2007 technical memo (ARB, 2006f).   
 
In Table 16 we provide the zero-mile emission and deterioration rates for medium-heavy 
duty diesel trucks assumed in EMFAC2007.  The deterioration rates are used to model 
the increase in emissions relative to the zero-mile (or new-vehicle) emission rate due to 
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a vehicle aging and accruing miles.  In Table 17 we give the updated emission rates 
reflecting incorporation of the latest E55/59 data, as discussed previously. 
 

Table 16.  EMFAC2007 MHDDT Zero-Mile Emission Rate (ZMR, g/mi) and 
Deterioration Rate (DR, g/mi/10,000 mi) 

HC CO NOx PM10 MY 
GROUP ZMR DR ZMR DR ZMR DR ZMR DR 

Pre 1975 0.34 0.011 3.17 0.100 18.50 0.032 1.07 0.016 

1975-76 0.34 0.011 3.17 0.100 18.50 0.032 1.07 0.016 

1977-79 0.34 0.011 3.17 0.100 18.50 0.032 1.07 0.016 

1980-83 0.34 0.011 3.17 0.100 18.50 0.032 1.07 0.016 

1984-86 0.33 0.014 2.99 0.131 17.91 0.043 1.00 0.021 

1987-90 0.21 0.016 1.80 0.140 15.74 0.034 0.73 0.017 

1991-93 0.18 0.018 1.43 0.139 13.11 0.078 0.45 0.022 

1994-97 0.11 0.017 0.78 0.121 11.55 0.048 0.27 0.018 

1998 0.09 0.014 0.64 0.097 10.52 0.032 0.24 0.012 

1999-02 0.09 0.014 0.64 0.097 10.52 0.032 0.24 0.012 

2003 0.09 0.007 1.04 0.074 5.79 0.018 0.29 0.009 

2004-06 0.09 0.006 1.04 0.074 5.48 0.017 0.29 0.009 

2007-09 0.058 0.006 0.666 0.074 3.01 0.017 0.029 0.009 

2010+ 0.025 0.006 0.291 0.074 0.548 0.017 0.029 0.009 

 
Table 17.  Revised MHDDT Zero-Mile Emission Rate (ZMR, g/mi) and Deterioration 

Rate (DR, g/mi/10,000 mi) 

HC CO NOx PM10 MY 
GROUP ZMR DR ZMR DR ZMR DR ZMR DR 

Pre 1986 0.83 0.047 2.79 0.159 15.61 0.033 0.97 0.038 

1987-90 0.65 0.056 2.19 0.189 15.39 0.044 1.05 0.034 

1991-93 0.29 0.025 1.12 0.095 11.51 0.053 0.57 0.026 

1994-97 0.21 0.028 0.83 0.109 11.30 0.068 0.31 0.017 

1998-02 0.22 0.028 0.84 0.108 11.11 0.078 0.35 0.015 

2003-06 0.14 0.013 0.37 0.033 7.35 0.077 0.22 0.008 

2007 0.12 0.008 0.31 0.020 4.78 0.065 0.022 0.001 

2008 0.12 0.008 0.31 0.020 4.39 0.064 0.022 0.001 

2009 0.12 0.008 0.31 0.020 3.78 0.062 0.022 0.001 

2010 0.10 0.002 0.26 0.005 1.01 0.054 0.022 0.001 

2011 0.10 0.002 0.26 0.005 0.86 0.054 0.022 0.001 

2012 0.10 0.002 0.26 0.005 0.67 0.053 0.022 0.001 

2013+ 0.10 0.002 0.26 0.005 0.67 0.041 0.022 0.001 
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2. Revised engine market information 

Staff also updated the emission factors for heavy heavy-duty diesel trucks (HHDDT) 
and medium heavy-duty diesel trucks (MHDDT) to reflect manufacturers’ compliance 
with the 2007 engine standard and the anticipated compliance with the 2010 engine 
standard between 2006 and 2011.  Staff estimated that the adjustment to 2006-2011 
model year emission factors would result in lower NOx emission rates for 2006 and 
2009 model years but higher NOx emission rates for 2007, 2008, 2010, and 2011 model 
years than the rates currently assumed in EMFAC2007. 

The latest information available to staff indicates that at least one engine manufacturer 
does not plan to use selective catalyst reduction technology in their 2010-2011 model 
year heavy-duty diesel engines.  In addition, review of the certification data shows that 
some engine manufacturers introduced 1.2 g/bhp-hr NOx heavy duty engines one year 
earlier than required.  As a result, staff decided to update the emission factors in 
EMFAC2007 to reflect the latest information from manufacturers and certification data. 

For the earlier introduction of engines meeting 1.2 g/bhp-hr NOx and 0.01 g/bhp-hr PM 
standards, the current zero-mile rates (ZMR) and deterioration rates (DR) for 2003-06 
and 2007-09 model year groups were weighted by the sales fractions of 2007 standard 
compliant engines in 2006 model year. 

For the introduction of 0.5 g/bhp-hr NOx engines in 2009 model year, staff estimated the 
ZMR by adjusting the current ZMR for 2006-2009 model year group (1.2 g/bhp-hr NOx 
engines) but assumed that the deterioration rate for 2006-09 model year would still 
apply to the 0.5 g/bhp-hr NOx engines.  The assumption of unchanged DR is largely 
based on the fact that the engine manufacturers will achieve a 0.5 g/bhp-hr NOx level 
with an integrated technology solution based on their 2006-09 model year technologies 
(advanced fuel system, air management, combustion and electronic controls, and 
enhanced cooled exhaust gas recirculation). 
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Staff estimated the 2005-2008 model year sales fractions of heavy and medium heavy-
duty diesel engines based on the sales fraction data reported by the manufacturers and 
projected the 2009-2012 model year sales fractions from the information currently 
available.  We show the ARB-estimated penetration rates for 2005 to 2012 model years 
in Table 18. 

Table 18.  ARB Estimated Penetration Rates of 2005-2012 Model Year Engines 

Certified NOx (g/bhp-hr) Certified PM10 (g/bhp-hr) 
Model Year 

2.2 1.2 0.5 0.25/0.2* 0.1 0.01 

Heavy Heavy-Duty Diesel 

2005 100%      

2006 99% 1%   98% 2% 

2007 14% 86%   1% 99% 

2008 7% 93%    100% 

2009  90% 10%   100% 

2010   10% 90%  100% 

2011   10% 95%  100% 

2012    100%  100% 

Medium Heavy-Duty Diesel 

2005 100%      

2006 100%    98% 2% 

2007 23% 77%    100% 

2008 12% 88%    100% 

2009  90% 10%   100% 

2010   10% 90%  100% 

2011   10% 90%  100% 

2012    100%  100% 

*  0.25 g/bhp-hour applies to 2010 model year only. 

 
Using the sales fractions in Table 18, staff calculated the NOx ZMRs and DRs of both 
HHDDT and MHDDT for 2006-2011 model years by weighting the ZMRs and DRs of the 
corresponding model year groups.  Staff did not revise the PM emission factors for 
HHDDT and MHDDT.  As can be seen in Table 18, the sales of PM filter-equipped 
engines in 2006 account for only about 2% for both HHDDT and MHDDT categories; 
thus the impact of DPF engines on the PM emission rates for the 2006 model year is 
negligible. 
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In Table 19 we show the current and revised NOx ZMR and DR of both HHDDT and 
MHDDT for 2006 to 2011 model years. 

Table 19.  NOx Emission Factors for 2006-2011 MY Heavy-Duty Diesel Trucks 
(ZMR in g/mi, DR in g/mi/10,000 mi) 

HHDDT MHDDT 

Current Revised Current Revised 
Model 
Year 

ZMR DR ZMR DR ZMR DR ZMR DR 

2006 12.54 0.0522 12.48 0.0521 7.35 0.0765 7.35 0.0765 

2007 7.66 0.0573 4.78 0.0654 

2008 7.25 0.0468 4.39 0.0638 

2009 

6.84 0.0465 

6.44 0.0464 

4.01 0.0621 

3.78 0.0621 

2010 1.72 0.0413 1.01 0.0540 

2011 
1.14 0.0407 

1.46 0.0413 
0.669 0.0531 

0.859 0.0540 

 
3. Carbon Dioxide (CO 2) Emission Rates 

Reducing carbon dioxide (CO2) emissions is a primary goal of the State of California.  
CO2 emissions are generated through the combustion of fuels and in particular by 
combustion of fuels in trucks and buses that operate in California.  CO2 emissions are a 
function of engine size, load, speed, miles traveled, and many other factors.  This 
section describes how the staff derived CO2 emission rates to develop emissions 
inventories in support of the proposed regulation.   
 
Although EMFAC2007 provides CO2 emission rates for heavy duty diesel trucks, it 
assumes them to be constant regardless of model year, technology group, activity and 
other factors.  To develop more finely resolved CO2 emission rates for trucks, staff used 
fuel economy data as a surrogate for CO2 since there is a larger database of fuel 
economy data available for trucks than CO2 data.  Fuel economy estimates were 
converted to CO2 emission rates based on the carbon content of diesel fuel, as 
discussed in more detail later in this section. 
 
In this analysis we have evaluated available data to determine how improvements in 
engine technology and increasingly stringent criteria pollutant emission control 
requirements have affected the fuel economy of HHDDT and, consequently, CO2 
emission rates.  Staff has recently reviewed the following data sources to develop 
model year-specific fuel economy values for HHDDTs operating in California: 
 

• Department of Energy: Calendar Year Fleet Average from 1970-2006 (United 
States Department of Transportation, 2007) 

• CRC E55/59 study by West Virginia University: Model Year 1988-2003 
• International Fuel Tax Agreement (IFTA) for trucks operating in California 
• Consent Decree, in-use study by West Virginia University: Model Year 1994-

2003 
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We chose to not use the Department of Energy (DOE) fuel economy data directly since 
those are national data and therefore not representative of the truck fleet or driving 
conditions found in California.   Also, the DOE data do not provide information on how 
fuel economy and CO2 emission rates vary as a result of technology.  DOE data were 
used instead as an independent check on our technical analysis.  
  
Our technical analysis shows differences in fuel economy between different technology 
groups (represented as model year groups), as shown in Table 20.  This table provides 
the estimated HHDDT fuel economy by model year group, as well as the assumptions 
that are embedded in those estimates.   
 

Table 20.  Proposed Fuel Economy Values for HHDDT Operating in California 

MY MPG Note 

Pre-1988 5.20 100% Mechanically controlled engines (100% @ 5.2 mpg) 

1988-1990 5.39 25% Phase-in of electronic control (75% @ 5.2 mpg and 25% @ 5.95 mpg) 

1991-1993 5.58 50% Phase-in of electronic control (50% @ 5.2 mpg and 50% @ 5.95 mpg) 

1994-1995 5.76 75% Phase-in of electronic control (25% @ 5.2 mpg and 75% @ 5.95 mpg) 

1996 5.95 100% Phase-in of electronic control (100% @ 5.95 mpg) 

1997-1998 5.95 Same Fuel Economy as MY 1996 engines 

1999-2002 5.48 Post consent Decree Engines with 8% loss is Fuel Economy (Timing Retarding) 

2003-2006 5.75 5% gain in Fuel Economy (Better Combustion Strategies) 

2007 5.61 3% loss in Fuel Economy due to EGR + DPF (86% @5.58 mpg; 14% @5.75 mpg) 

2008 5.59 3% loss in Fuel Economy due to EGR + DPF (93% @ 5.58 mpg; 7% @ 5.75 mpg) 

2009 5.58 3% loss in Fuel Economy due to EGR + DPF (100% @ 5.58 mpg) 

2010 5.78 4% gain in Fuel Economy due to SCR (90% @ 5.80 mpg and 10% @ 5.58 mpg) 

2011 5.78 4% gain in Fuel Economy due to SCR (90% @ 5.80 mpg and 10% @ 5.58 mpg) 

2012 5.80 4% gain in Fuel Economy due to SCR (100% @ 5.80 mpg) 

 
The assumptions described in Table 20 are estimated based on the following 
assumptions that were derived from analysis of available data:   
 

• Mechanical vs. Electronically Controlled Engines (ECE) 
o 5.95 mpg fuel economy for electronic engines from CRC E55/59 data 
o 0.75 mpg difference in fuel economy between mechanical control and 

electronic control from CRC E55/59 data 
o Assume all model year mechanical control engines have same fuel 

economy (5.20 mpg) 
o Phase-in of Electronic Controlled Engines 

� MY 1988 to 1990: 25%  
� MY 1991 to 1993: 50%  
� MY 1994 to 1995: 75%  
� MY 1996: 100% 
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• Off-Cycle operation in Electronic Controlled Engines  
o MY 1993-1998 
o Higher fuel economy and higher NOx than mechanical control engines. 
o Model year fuel economy of 5.95 mpg does not reflect chip reflash 
o Adjusted for chip reflash beginning calendar year 2002 

• MY 1999-2002:  
o 8% fuel penalty 
o Post-Consent Decree engines with injection timing retarding for NOx 

control 
• MY 2003-2006:  

o 5% gain in fuel economy 
o Introduction of advanced combustion technologies including exhaust gas 

recirculation (EGR) 
• MY 2007-2009: 

o Introduction of diesel particulate filter (DPF) used for PM control 
o 3% fuel penalty for meeting 2007 emissions standards 
o 86% of engines would meet 2007 emissions standards in CY 2007 (ARB, 

2008a) 
o 93% of engines would meet 2007 emissions standards in CY 2008 
o 100% of engines would meet 2007 emissions standards in CY 2009 

• MY 2010-2012: 
o Introduction of selective catalytic reduction (SCR) for NOx control 
o 4% gain in fuel economy for engines equipped with (SCR) 
o 90% of engines would meet 0.2 g/bhp-hr NOx standards in 2010 and 2011 
o 10% of engines would meet 0.5 g/bhp-hr NOx standards with fuel 

economy of 5.58 mpg in 2010 and 2011  
o 100% of engines would meet 0.2 g/bhp-hr NOx standards in 2012 (ARB, 

2008c) 
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We applied the fuel economy estimates for each model year across each inventory 
category to develop a composite fuel economy by calendar year.  Figure 18 compares 
fuel economy estimates by calendar year against values derived from DOE, IFTA, and 
EMFAC2007.  This figure shows that HHDDT fuel economy is estimated to improve 
over time due initially to the introduction of electronically controlled engines and later 
due to the introduction of SCR-equipped engines.  These results compare remarkably 
well with EMFAC, DOE, and IFTA data.  For example, the composite fuel economy 
reported by all trucks operating in California in the IFTA program is 5.7 miles per gallon, 
which is equivalent to our estimates for interstate trucks.  DOE data appear more 
variable across calendar years, probably due to varying sample size and 
representativeness in each year of reported data.  Even so, DOE data are within 10% of 
ARB estimates, and EMFAC2007 is lower than current estimates by only 4 to 7%.  In 
Figure 18 we show HHDDT fuel economy for interstate trucks only.  In-state trucks, 
which are older on average than their interstate counterparts, are estimated to have 
slightly lower fuel economy (3% to 5%) than interstate trucks.   
 

Figure 18.  Fleet Average Fuel Economy for Trucks Operating in California  

5.0

5.2

5.4

5.6

5.8

6.0

6.2

6.4

2000 2005 2010 2015 2020 2025
Calendar Year

F
le

et
 A

ve
ra

ge
 F

ue
l E

co
no

m
y 

(m
pg

) 
   

EMFAC 2007
(~5.4 mpg)

California
IFTA Data

DOE Data

Heavy-duty 
interstate trucks 

 
 

361 of 900

361 of 900



 

G-44  

To convert fuel economy data to CO2 emission rates, staff used the following 
methodology: 
 

• estimate the fuel consumption, in gallons, for each truck category based upon 
the model year fuel economies and model year distribution 

• multiply the estimated fuel consumption by the carbon content of diesel fuel 
(2,778 g carbon/gallon diesel (USEPA (2008)) to estimate the carbon emitted by 
each truck category 

• multiply the estimate of carbon emitted by each category by the ratio between 
the molecular weight of CO2 and the molecular weight of carbon (44/12) to 
estimate the CO2 emissions from each category if 100% efficient 

• assume 99% efficiency, multiplying the CO2 emitted at 100% efficiency by 0.99, 
to estimate the final CO2 emissions estimate for each category. 

 
The application of this process is equivalent to applying an estimate of 22.2 lbs 
CO2/gallon diesel fuel (10.08 kg CO2/gallon diesel fuel) to the estimate of fuel consumed 
by vehicles in each category.  
 
Fuel economy in MHDDT was assumed to be 33% higher than for HHDDT in the same 
model year, based on analysis of data described above.  CO2 emission rates for buses 
were taken directly from EMFAC2007.   
 

4. Final emissions rates 

Staff estimated the emission rates for each truck inventory category for two types of 
activity – vehicles in motion and vehicles idling.  We estimated emission rates for 
vehicles in motion in terms of tons/day for the average vehicle; these are shown in the 
database provided in conjunction with this appendix.  We estimated the emission rates 
for vehicles while idling in terms of tons/hour; these, too, are shown in the database 
provided with this appendix. 
 
F. Forecasting the Baseline Inventory 

In this section we describe the methods used to estimate the growth of future truck 
populations and truck VMT in the emissions inventory.  
 

1. Growth 

In modeling the emissions for future years, staff needed to estimate the amount of 
vehicular travel in future years.  The emissions are in general proportional to the vehicle 
miles traveled.  The growth rate for VMT is likely to vary between inventory categories; 
thus we estimated the VMT growth on a category-specific basis. 
 
For utility trucks in this inventory, staff assumed the same growth rate (2.0%) as was 
assumed in the regulation adopted by the ARB for public and utility fleets (ARB, 2005). 
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Staff projected the population of drayage trucks to increase at 2.5% per year near the 
Ports of Los Angeles, Long Beach, and Oakland. We estimated the VMT associated 
with the drayage trucks at each of these ports/railyards to grow at a slightly faster rate. 
We estimated the population of drayage trucks at other California ports/railyards to 
increase at a rate between 1.5% and 1.6% per year, with the VMT also increasing at a 
slightly faster rate.  We estimated future VMT using factors such as projected container 
traffic and projected vessel traffic that resulted from past data and survey data. 
 
For agricultural trucks, staff assumed a negative growth rate of 0.31% statewide to 
reflect anticipated ongoing loss of farmland.  This growth rate, which actually varies 
regionally, was developed in 2005 based on analysis of historical farmland acreage 
trends and with the assistance of agricultural stakeholders.  The average annual 
mileage accrual of each agricultural truck was assumed to remain constant; thus the 
total annual VMT for agricultural trucks is assumed to decrease proportional to the truck 
population. 
 
For all other truck types, we projected the VMT to grow at a rate equivalent to the 
overall VMT growth rate for trucks reported in EMFAC2007 which is 2.66% for heavy-
heavy duty trucks and 1.62% for medium-heavy duty trucks. The annual VMT accrual of 
vehicles in these categories was assumed to remain constant; thus the population of the 
vehicles, in each category, was assumed to grow in proportion to the VMT.  In Table 21 
we summarize the annual growth rate estimated for VMT within each truck category. 
 

Table 21.  Annual VMT Growth Rates Projected by Category, 2008-2023 

Inventory Category VMT Growth Rate 

MH Utility 2.00% 
HH Utility 2.00% 
HH Drayage near Oakland 5.38% 
HH Drayage near LA/LB 4.93% 
HH Drayage elsewhere  1.58% 
MH Agriculture -0.31% 
HH Agriculture -0.31% 
MH Instate 1.62% 
MH CAIRP 1.62% 
MH Out of State 1.62% 
HH Instate 2.66% 
HH Single-unit 2.66% 
HH CAIRP 2.66% 
HH Non-neighboring Out-of-State 2.66% 
HH Neighboring Out-of-State 2.66% 
School Bus -0.50% 
Other Bus 3.65% 
Power Take Off 2.64% 

VMT-weighted Average 2.48% 
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Staff revisited VMT growth to examine the extent to which more current economic data 
could result in a revised VMT growth rate, different from that currently assumed in 
EMFAC2007.  Staff regressed national VMT data from the Bureau of Transportation 
Statistics (BTS) against the US Gross Domestic Product (GDP) for the trucking industry 
nationwide, which was also released by the BTS.  This relationship was then projected 
with a prediction of the future trucking GDP to estimate the future VMT, again on a 
federal level.  The future nationwide trucking GDP was predicted by extending the 
relationship regressed earlier between the nationwide trucking GDP and the 
employment in the transportation sector predicted in the State of California Economic 
Forecast for the Sacramento Forecast Project.  We show the results of this model in 
Figure 19. 
 

Figure 19.  The Historic and Projected Relationship between VMT and GDP on a 
Nationwide Level 
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The scale factor between nationwide VMT projected for future years and the nationwide 
VMT in 2007 was used with the VMT in California in 2007 to project future growth in 
California VMT.  The resulting projections did not differ significantly from those that were 
estimated in the EMFAC2007 model; thus, staff decided to maintain the growth rates in 
EMFAC2007 as those for the overall California heavy duty truck fleet.    
  

2. Attrition 

For each vehicle category, staff assumed that, outside of regulatory impacts, the age 
distribution of vehicles within each inventory category would remain constant.  Thus, the 
fraction of a vehicle class represented by vehicles of a certain age would remain 
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constant; for example, the fraction of MY 2000 vehicles in the category in calendar year 
2008 was assumed to be equivalent to the fraction of MY 2001 vehicles in the category 
in calendar year 2009. 
 

3. Pre-buy 

When regulations are approved, past experience has indicated that the impact of these 
regulations can shift the purchase pattern of truck operators.  A technology that is 
required in one year but not in another year may cause trucks from one year to be more 
expensive than, and thus preferred to, trucks of another year.  A trucking firm might 
wish to not buy a truck with unproven technology; thus, they may delay their purchase 
for several years until the technology is more proven or purchase trucks with known 
technology in the year(s) preceding the regulation.  Although our analysis has indicated 
that the shift in purchasing behavior related to “pre-buy” is less than that from general 
economic trends, we have attempted to incorporate this behavioral pattern in our 
assessment of model year distribution for each inventory category.   
 
To approximate the sales of trucks in future years, and thus the impact to the age 
distribution of trucks, staff first estimated the historic annual nationwide truck sales as a 
function of the historic nationwide GDP associated with transportation activities.  Staff 
used data regarding nationwide truck sales, as estimated by the website 
WardsAuto.com for 1985-2007, and GDP, as estimated for transportation services 
nationwide by the US Department of Commerce’s Bureau of Economic Analysis to 
establish the historical model of truck sales as a function of time and the nationwide 
transportation GDP.  The approximation of this model indicated that GDP had a 
stronger positive correlation with truck sales than did time itself; while truck sales had a 
positive correlation with time itself, the correlation that also existed between GDP and 
time lessened the positive impact of time when truck sales were regressed against both.  
The strongest relationship was also found to exist between truck sales in Year y and the 
GDP from Year y+1, the time lag indicating that the trucking industry could foresee the 
decline in economic activity and deferred the purchase of new trucks before the decline 
was experienced.   
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Staff then approximated the historic relationship between the historic nationwide 
transportation GDP and the historic California transportation employment, as estimated 
by a UCLA business forecast released in July 2007 (UCLA, 2007).  We assumed that 
the growth rate for transportation employment in California was approximated by the 
growth rate for nationwide transportation GDP.  We used this relationship with the 
projections to 2020 for California transportation employment from the UCLA forecast to 
project the nationwide transportation GDP until 2020 as shown in Figure 20. 
 

Figure 20.  Nationwide Transportation GDP Trends: Historic and as Projected 
from Forecast Transportation Employment 
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As a first step toward projecting truck sales, staff developed a regression model 
between nationwide transportation-related GDP and historic truck sales.  We then used 
the estimates of the future transportation–related GDP to estimate future truck sales.  In 
Figure 21 we compare the actual truck sales between 1985 and 2006 with the sales that 
would have been predicted by the model as well as the truck sales initially predicted 
from this model beyond 2006.  
 

Figure 21.  The Modeled Relationship between Nationwide Transportation GDP 
and Nationwide Truck Sales 

  

0

50,000

100,000

150,000

200,000

250,000

300,000

1985 1990 1995 2000 2005 2010 2015

T
ru

ck
 S

al
es

Actual truck sales

Predicted truck 
sales

 
 

367 of 900

367 of 900



 

G-50  

The modeled relationship did not account for what appeared to be extremes.  During 
periods of slow sales, the model underpredicted the decrease in sales; during periods of 
higher sales, the model underpredicted the increase in sales.  To account for this, staff 
estimated a correction factor by which the 2008 truck sales were lowered.  This 
correction factor, the adjustment made to the estimate resulting from the model, was 
equivalent in proportion to the difference between earlier estimates and corresponding 
actual results.  Staff then adjusted truck sales between 2008 and 2015 by an amount 
appropriate to ensure that the aggregate number of trucks sold within this period 
remained constant.  We show the resulting estimate of truck sales, the “adjusted truck 
sales”, in Figure 22. 
 

Figure 22.  The Modeled Relationship between Nationwide Transportation GDP 
and Nationwide Truck Sales, Adjusted 
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Transportation employment within California was already projected to grow at a slightly 
slower rate after 2015; hence sales for this time period were projected to grow at a 
slower rate. 
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Finally, staff received additional data regarding truck sales to date in 2008.  These sales 
were even lower than those projected by the adjusted model.  To account for this 
difference, staff adjusted the model even further, decreasing the sales projected for 
2008 and adjusting those in future years to account for the difference – sales in 
between 2008 and 2011 were adjusted downward, sales after 2011 were unchanged.  
We show the results of these adjustments in Figure 23. 
 

Figure 23.  (Estimated) Truck Sales for Future Years 
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Because no data were available at the time for prediction of GDP past 2020 with the 
model used in this analysis, we assumed that trucks were sold in the years beyond 
2020 at the same ratio as has happened historically. 
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Finally, to incorporate these estimates in the populations, staff calculated the ratio 
between sales of trucks in one model year and the expected number of sales if no factor 
(e.g. GDP) had caused variation.  We show the actual sales and the sales predicted 
from the pre-buy model in Figure 24. 
 

Figure 24.  Actual and Predicted Truck Sales 
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The ratio between the actual/predicted truck sales and the best-fit value (the ratio 
assumed to be 1.0 for future years beyond 2019) was used to adjust the representation 
of each model year within future calendar years.  (Adjusting the sales upward/downward 
for new trucks in a calendar year would have the same impact on the representation of 
trucks of that model year in later calendar years.)  The representation of each model 
year was then scaled as appropriate to allow the cumulative representation of model 
years to be 100%.  This adjustment was not made for the age distribution of drayage 
trucks, since the age distribution from the ARB drayage regulation was used. 
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G. Statewide Baseline Activity and Emissions 

We discussed the population of each vehicle type earlier in the Base Year Population 
and Activity section, but we provide a summary table (Table 22) here to describe the 
emission sources included in this inventory. 
 

Table 22.  Population and VMT by Inventory Category 

CY Category Population 
Share of CA 
Population 

CA Share 
of VMT 

Share of 
VMT in CA 

2008 HH Out-of-State 492,340 52.3% 12.1% 28.5% 
2008 HH CA-IRP 60,263 6.4% 57.0% 14.6% 
2008 HH Tractor 63,684 6.8% 100.0% 18.4% 
2008 HH Single Unit 43,275 4.6% 100.0% 6.0% 
2008 HH Drayage 21,650 2.3% 100.0% 5.1% 
2008 HH Agriculture 11,998 1.3% 100.0% 1.6% 
2008 HH Utility 1,357 0.1% 100.0% 0.1% 
2008 MH In-State 198,525 21.1% 100.0% 22.5% 
2008 MH Interstate 8,896 0.9% 18.7% 0.2% 
2008 MH Agriculture 9,438 1.0% 100.0% 0.6% 
2008 MH Utility 2,798 0.3% 100.0% 0.1% 
2008 Buses 26,443 2.8% 100.0% 2.3% 
2008 PTO         

 
For this table and later analyses, some categories have been combined to allow for 
simpler evaluation.  Specifically, HH Out-of-State trucks include those trucks from 
neighboring states as well as non-neighboring states.  HH Drayage trucks includes all 
drayage trucks in service in California, including those serving areas around the Ports of 
Los Angeles, Long Beach, Oakland, and other California ports.  MH Interstate trucks 
include the medium-heavy trucks registered in other states as well as those registered 
in the CA-IRP program.  Buses include those in the “school bus” and “other bus” 
inventory categories. 
 
The population shown in Table 22 represents the estimated number of trucks and buses 
operating in California that fall under this proposed rule in calendar year 2008, including 
vehicles registered in-state and out-of-state.  The share of California population 
represents the percentage of the total truck and bus population represented by each 
category.  The California share of VMT represents the percentage of total annual VMT 
driven by vehicles in each category that occurs in California; this is assumed to be 
100% for the majority of inventory categories but can be small for interstate categories.  
The share of VMT in California represents the contribution made by each inventory 
category to the total truck and bus VMT estimated for California. 
 
As shown in Table 22, heavy-heavy duty diesel trucks registered outside California 
account for the majority of trucks traveling in California.  Because these trucks do not 
travel exclusively in California, however, their portion of VMT in California, at 28.5%, is 
not as large as their representation among the population (52.3%).  In addition, because 
trucks in this inventory category tend to be newer than trucks in other categories, their 
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emission rates are lower and their contribution relatively less than from their in-state 
counterparts.   
 

1. Base Year Age Distributions across Inventory Category 

In an earlier section, we provided the age distribution of trucks within each inventory 
category.  In Figure 25 we compare the age distributions for the different categories.  
(Note that trucks from non-neighboring states, because they outnumber trucks from 
other categories by such a large share, are plotted against the secondary axis.)  From 
this figure one can see from the relative peaks of each age distribution that trucks from 
non-neighboring states tend to be newer than CA-IRP registered trucks and trucks from 
neighboring states, which in turn are newer than tractors registered instate.  This is 
logical, in that the trucks traveling the farthest distances to California need to be the 
most reliable and therefore on average younger. In addition, the trucks representing the 
CA instate tractor category are frequently those transferred from the out-of-state and 
IRP categories in their later years.  The oldest trucks represent the agriculture category 
and the drayage category; these trucks tend to travel, on average, the shortest 
distances.  Staff used this age distribution when estimating emissions. 
 

Figure 25.  Comparison of Vehicle Age Distributions between Combination 
Tractors (2008) 
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Figure 26 gives a similar representation of the trucking categories more representative 
of single unit trucks.  (In this figure, the MHDDT Instate Trucks are plotted on the 
secondary axis to allow for better comparison.)  As this figure shows, the age 
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distribution for single-unit trucks does not vary so much between categories as the age 
distribution does for combination trucks.  With regard to single-unit categories in 
particular, medium-heavy instate trucks are relatively newer and medium-heavy 
agriculture trucks relatively older.   
 
Figure 26.  Comparison of Vehicle Age Distributions between Single-Unit Trucks 

and Buses (2008) 
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2. Base Year and Forecasted Population by Inventory Category 

In Figure 27 we show the distribution of trucks assumed to visit California in 2008 and 
2020.  In both years the majority of individual trucks represent one of four categories: 
heavy-heavy trucks registered outside California, California-registered heavy-heavy 
trucks in the International Registration Program, heavy-heavy tractors registered in 
California, and medium-heavy trucks registered in California.  In a later section we show 
the distribution of California VMT between the categories; for two primary reasons, the 
distribution of VMT differs slightly from the distribution of the unique trucks themselves.  
First, trucks registered outside California do not travel entirely within California.  
Second, trucks within differing categories typically do not exhibit the same travel 
patterns with regard to distance. 
 

Figure 27.  A Comparison of Truck Population by Category (2008 and 2020)  
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3. Comparing Accrual Rates by Inventory Category 

In Figure 28 we show the variation in VMT accrual rates between inventory categories 
in California.  Note that this figure shows only the VMT estimated to be accrued within 
California’s borders and does not include the VMT estimated to be accrued elsewhere.  
This is particularly relevant in the context of trucks registered in states that do not 
border California, of which more than 90% of the annual VMT are assumed to be 
accrued outside California.  In the context of virtually all heavy vehicles except drayage 
trucks, the annual VMT for a vehicle is estimated to decrease with the age of the 
vehicle; drayage trucks are assumed to maintain a steady amount of usage throughout 
their lives. 
 

Figure 28.  Accrual Rates for Combination Trucks in California (2008) 
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In Figure 29 we show a similar distribution in accrual rates for single unit trucks.  As 
shown, the average accrual rate is estimated to be highest for single unit trucks.  The 
accrual rate is estimated to decrease with age for single unit trucks as well as medium-
heavy instate trucks, buses, and medium-heavy trucks used for agriculture.  The accrual 
rates estimated for heavy-heavy trucks from the utility category, however, start at a 
lower level and remain more stable throughout their lifetimes. 
 

Figure 29.  Accrual Rates for Single Unit Trucks in California (2008) 
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4. Base Year and Forecasted Vehicle Miles Traveled by Inventory Category 

In Figure 30 and Table 23 we show the distribution of VMT driven by trucks in different 
categories in California between calendar years 2005 and 2025.  Figure 30 shows the 
aggregate VMT for each year; the table lists the daily VMT for each truck category in 
select years.   The five most significant contributors to VMT driven in California in 
calendar year 2008 are: 
 

• MHDDT CA-registered instate trucks (22.5%) 
• HHDDT Non-neighboring out-of-state trucks (21.5%) 
• HHDDT CA-registered instate tractor (18.4%) 
• HHDDT International Registration Plan, CA-IRP (14.6%) 
• HHDDT Neighboring out-of-state trucks (7.0%) 
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Staff estimated these five categories together represent over 81% of all VMT associated 
with bus and truck travel in California in 2008.  Though not necessarily in the same 
order, we project these five categories to remain the largest heavy duty truck VMT 
contributors in 2025, collectively accounting for over 83% of all heavy duty truck VMT 
driven within California’s borders.  (The HHDDT from states not neighboring California 
are projected to represent the single largest share in 2025 at 22.1%.) 
 

Figure 30.  California Vehicle Miles Traveled by Truck Category 

 

0

10

20

30

40

50

60

70

80

90

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

V
M

T
 (

m
ill

io
ns

/d
ay

)

PTO

Buses

MH Utility

MH Agriculture

MH Interstate

MH In-State

HH Utility

HH Agriculture

HH Drayage

HH Single

HH Tractor

HH CA-IRP

HH Out-of-State

 

HH Instate Tractor

HH Singleunit

HH Out of State

HH International Registration Plan

MH In-state

HH Drayage

377 of 900

377 of 900



 

G-60  

Table 23.  Distribution of Estimated Daily VMT in Select Calendar Years 
Inventory 
Category 2000 2005 2010 2015 2020 2025 

HH Out-of-State 11,763,164 14,094,931 16,694,413 19,776,058 22,554,003 24,722,681 
HH CA-IRP 6,035,750 7,232,194 8,566,004 10,147,215 11,572,595 12,685,357 
HH Tractor 7,588,662 9,092,933 10,769,913 12,757,947 14,550,057 15,949,116 
HH Single 2,485,547 2,978,247 3,527,515 4,178,664 4,765,642 5,223,882 
HH Drayage 1,992,437 2,501,164 3,177,789 4,017,716 5,063,470 6,407,181 
HH Agriculture 900,850 886,807 872,982 859,373 845,976 832,788 
HH Utility 28,849 31,852 35,167 38,827 42,868 47,330 
MH In-State 10,188,740 11,871,644 13,287,487 14,478,516 15,531,621 16,717,215 
MH Interstate 94,153 109,705 122,789 133,795 143,526 154,482 
MH Agriculture 351,375 345,897 340,505 335,197 329,972 324,828 
MH Utility 47,746 52,716 58,203 64,260 70,949 78,333 
Buses 890,204 1,125,836 1,259,711 1,371,993 1,500,120 1,617,738 
PTO 358,622 429,614 509,088 601,588 685,075 751,094 

Total 42,726,100 50,753,540 59,221,565 68,761,149 77,655,874 85,512,024 

 
In Figure 31 we show the percentage of VMT associated with each category between 
2005 and 2025.  As the figure shows, the share of VMT represented by drayage traffic 
is expected to grow at the expense of other categories (e.g. MHDDT instate) due to the 
relatively higher growth in goods movement related truck categories. 
 

Figure 31.  Share of California Vehicle Miles Traveled by Truck Category 
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Table 24 provides the estimated population, average age, average odometer reading, 
and total VMT for each category of heavy duty truck in calendar year 2008. 
 

Table 24.  Assumptions made regarding truck categories in calculations. 

CY 
Inventory 
Category Population 

Average 
Age 

Average 
Odometer Total Accrual 

2008 HH Out-of-State 492,340 3.8 489,526 41,666,633,775 
2008 HH CA-IRP 60,263 6.2 668,314 4,535,889,834 
2008 HH Tractor 63,684 9.9 722,999 3,249,093,053 
2008 HH Single unit 43,275 10.3 338,253 1,064,186,055 
2008 HH Drayage 21,650 11.8 839,789 904,462,366 
2008 HH Agriculture 11,998 17.0 601,454 273,775,114 
2008 HH Utility 1,357 8.2 74,611 10,545,996 
2008 MH In-State 198,525 8.0 206,852 3,972,137,620 
2008 MH Interstate 8,896 5.4 161,306 196,581,895 
2008 MH Agriculture 9,438 17.3 293,027 106,907,874 
2008 MH Utility 2,798 7.2 56,377 17,455,166 
2008 Buses 26,443 11.2 191,829 406,667,394 
2008 PTO         

 

379 of 900

379 of 900



 

G-62  

In Figure 32 we show the distribution of annual truck VMT graphically.  Four categories 
again represent the majority of truck VMT: heavy-heavy tractors registered outside 
California, heavy-heavy tractors registered in the International Registration Program, 
heavy-heavy tractors registered in California, and medium-heavy trucks registered in 
California. 
 

Figure 32.  A Comparison of Annual Truck VMT by Category (2008 and 2020)  
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5. Statewide Baseline Emissions Estimates 

a) Baseline Emissions 

Prior to implementation of the proposed regulation, approximately 941,000 trucks and 
buses were operating in California in calendar year 2008 and are estimated to 
contribute 859.3 tons per day  NOx, 33.1 tons per day PM2.5, and 108,429 tons per day 
CO2.  We show these data in Table 25. 
 

Table 25.  Statewide Emissions (2008) 

CY Category 
Truck 

Population 
Truck CA 
VMT/day 

NOx 
(tons/day) 

PM2.5 
(tons/day) 

CO2 
(tons/day) 

2008 All 940,667 57,009,437 859.3 33.1 108,429 
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b) Baseline Emissions by Inventory Category 

We provide in Table 26 the baseline heavy duty truck and bus emissions inventory for 
the entire state of California in 2008, broken down by inventory category. 
 

Table 26.  Statewide Emissions by Inventory Category (2008) 

CY 
Inventory 
Category 

Truck 
Population 

Truck CA 
VMT/day 

NOx 
(tons/day) 

PM2.5 
(tons/day) 

CO2 
(tons/day) 

2008 HH Out-of-State 492,340 16,142,326 221.9 8.0 32,766 
2008 HH CA-IRP 60,263 8,282,725 139.6 5.2 16,783 
2008 HH Tractor 63,684 10,413,751 194.1 7.9 20,897 
2008 HH Single-unit 43,275 3,410,860 57.8 1.9 6,876 
2008 HH Drayage 21,650 2,898,907 70.0 3.2 6,006 
2008 HH Agriculture 11,998 878,486 17.3 0.7 1,788 
2008 HH Utility 1,357 33,801 1 0 79 
2008 MH In-State 198,525 12,731,247 125.0 4.6 19,067 
2008 MH Interstate 8,896 117,648 1.0 0.0 176 
2008 MH Agriculture 9,438 342,652 4.0 0.2 521 
2008 MH Utility 2,798 55,942 1 0 85 
2008 Buses 26,443 1,208,769 15.0 0.4 2,036 
2008 PTO 0 492,322 12.2 0.8 1,349 

2008 All 940,667 57,009,437 859.3 33.1 108,429 

 
c) Baseline Emissions by Fleet Size 

The baseline heavy duty truck emissions inventory for the entire state of California, 
broken down by inventory category, fleet size, and mileage threshold, is shown in Table 
27. 
 

Table 27.  Baseline Emissions by Inventory Category and Fleet Size (2008) 

Inventory 
Category 

Fleet Size Truck 
Population 

Truck CA 
VMT/day 

NOx 
(tons/day) 

PM2.5 
(tons/day) 

CO2 
(tons/day) 

1 truck/above 7500 miles 12,011 694,474 10.92 0.40 1,411.3 
1 truck/below 7500 miles 432 1,337 0.04 0.00 4.2 
2 truck/above 7500 miles 3,695 214,735 3.38 0.12 436.4 
2 truck/below 7500 miles 133 414 0.01 0.00 1.3 
3 truck/above 7500 miles 2,652 155,555 2.45 0.09 316.1 
3 truck/below 7500 miles 96 301 0.01 0.00 1.0 
4+ truck/above 7500 miles 460,630 15,056,647 204.54 7.36 30,535.2 

HH Out of State 

4+ truck/below 7500 miles 12,690 18,863 0.56 0.02 60.5 
1 truck/above 7500 miles 15,980 2,198,998 41.85 1.49 4,470.2 
1 truck/below 7500 miles 883 5,804 0.17 0.01 17.0 
2 truck/above 7500 miles 5,850 812,823 15.01 0.54 1,649.9 
2 truck/below 7500 miles 318 2,096 0.06 0.00 6.1 
3 truck/above 7500 miles 3,297 460,037 8.28 0.31 933.0 
3 truck/below 7500 miles 183 1,223 0.04 0.00 3.6 
4+ truck/above 7500 miles 32,273 4,791,942 73.95 2.83 9,674.7 

HH CAIRP 

4+ truck/below 7500 miles 1,479 9,801 0.28 0.01 28.7 
1 truck/above 7500 miles 16,792 3,031,868 65.83 2.71 6,110.9 
1 truck/below 7500 miles 4,089 44,925 1.16 0.07 99.4 
2 truck/above 7500 miles 4,928 902,069 18.70 0.80 1,815.4 

HH Tractor 

2 truck/below 7500 miles 1,189 12,992 0.33 0.02 28.8 
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Inventory 
Category 

Fleet Size Truck 
Population 

Truck CA 
VMT/day 

NOx 
(tons/day) 

PM2.5 
(tons/day) 

CO2 
(tons/day) 

3 truck/above 7500 miles 2,876 529,836 10.87 0.46 1,066.2 
3 truck/below 7500 miles 673 7,370 0.19 0.01 16.3 
4+ truck/above 7500 miles 28,859 5,835,899 95.82 3.82 11,652.5 
4+ truck/below 7500 miles 4,278 48,792 1.20 0.07 107.2 
1 truck/above 7500 miles 7,819 766,081 14.15 0.49 1,545.2 
1 truck/below 7500 miles 3,358 37,585 0.88 0.04 82.8 
2 truck/above 7500 miles 2,826 279,769 5.01 0.18 563.7 
2 truck/below 7500 miles 1,171 13,153 0.31 0.01 29.0 
3 truck/above 7500 miles 1,857 185,491 3.26 0.11 373.0 
3 truck/below 7500 miles 703 7,951 0.18 0.01 17.4 
4+ truck/above 7500 miles 20,001 2,057,340 32.54 1.03 4,125.9 

HH Single Unit 

4+ truck/below 7500 miles 5,540 63,491 1.44 0.06 138.9 
1 truck 11,633 1,557,622 37.64 1.69 3,227.1 
2 truck 1,293 173,069 4.18 0.19 358.6 
3 truck 1,454 194,703 4.70 0.21 403.4 

HH Drayage 

4+ truck 7,270 973,513 23.52 1.06 2,017.0 
Ag non specialty higher VMT 4,098 645,375 12.41 0.49 1,301.8 
Ag non specialty lower VMT 5,258 82,489 1.89 0.10 178.5 
Ag non specialty midrange VMT 1,442 62,773 1.27 0.06 128.9 

HH Agriculture 

Ag specialty vehicle 1,200 87,849 1.73 0.07 178.8 
HH Utility  1,357 33,801 0.74 0.01 79.3 

1 truck/above 5000 miles 51,066 3,786,410 39.01 1.48 5,672.2 
1 truck/below 5000 miles 11,592 80,942 1.20 0.06 127.6 
2 truck/above 5000 miles 16,710 1,244,223 12.65 0.47 1,862.8 
2 truck/below 5000 miles 3,621 25,478 0.37 0.02 40.1 
3 truck/above 5000 miles 9,964 740,914 7.59 0.28 1,109.6 
3 truck/below 5000 miles 2,143 15,111 0.22 0.01 23.8 
4+ truck/above 5000 miles 88,520 6,731,027 62.45 2.24 10,063.3 

MH instate 

4+ truck/below 5000 miles 14,908 107,142 1.50 0.07 167.8 
1 truck/above 5000 miles 1,014 15,237 0.13 0.00 22.7 
1 truck/below 5000 miles 107 149 0.00 0.00 0.2 
2 truck/above 5000 miles 638 9,468 0.08 0.00 14.1 
2 truck/below 5000 miles 70 97 0.00 0.00 0.2 
3 truck/above 5000 miles 638 9,351 0.08 0.00 14.0 
3 truck/below 5000 miles 77 106 0.00 0.00 0.2 
4+ truck/above 5000 miles 5,648 82,272 0.70 0.02 122.7 

MH Interstate 

4+ truck/below 5000 miles 703 969 0.01 0.00 1.5 
Ag non specialty higher VMT 1,750 183,598 2.04 0.09 277.0 
Ag non specialty lower VMT 4,799 46,021 0.66 0.04 72.6 
Ag non specialty midrange VMT 1,946 78,768 0.89 0.04 119.5 

MH Agriculture 

Ag specialty vehicle 944 34,265 0.40 0.02 52.1 
MH Utility  2,798 55,942 0.54 0.01 85.4 
Buses  26,443 1,208,769 15.04 0.44 2,035.8 
PTO   492,322 12.19 0.83 1,348.7 

All  940,667 57,009,437 859.28 33.07 108,429.2 

382 of 900

382 of 900



 

G-65  

 
We show in Table 28 the baseline emissions inventory for the entire state of California, 
broken down only by fleet size and annual mileage thresholds. 
 

Table 28.  Baseline Emissions by Fleet Size and Mileage Threshold (2008) 

CY Fleet Size 
Truck 

Population 
Truck CA 
VMT/day 

NOx 
(tons/day) 

PM2.5 
(tons/day) 

CO2 
(tons/day) 

2008 1 truck/above threshold 116,314 12,050,689 209.5 8.26 22,460 
2008 1 truck/below threshold 20,462 170,742 3.4 0.17 331 
2008 2 truck/above threshold 35,941 3,636,157 59.0 2.30 6,701 
2008 2 truck/below threshold 6,502 54,229 1.1 0.05 105 
2008 3 truck/above threshold 22,739 2,275,887 37.2 1.46 4,215 
2008 3 truck/below threshold 3,876 32,062 0.6 0.03 62 
2008 4+ truck/above threshold 643,202 35,528,640 493.5 18.36 68,191 
2008 4+ truck/below threshold 39,598 249,058 5.0 0.22 505 
2008 Ag non specialty higher VMT 5,848 828,973 14.5 0.58 1,579 
2008 Ag non specialty lower VMT 10,057 128,510 2.6 0.14 251 
2008 Ag non specialty midrange VMT 3,388 141,541 2.2 0.10 248 
2008 Ag specialty vehicle 2,144 122,114 2.1 0.09 231 
2008 Unspecified 30,597 1,790,835 28.5 1.29 3,549 

2008 All 940,667 57,009,437 859.3 33.07 108,429 
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We show the emissions as estimated with the baseline scenario for each category of 
pollutant in the following figures: NOx in Figure 33, PM2.5 in Figure 34, and CO2 in Figure 
35.  As shown, the statewide emissions for NOx and PM2.5 are expected to decrease in 
the absence of regulation, due to the natural replacement of older trucks with newer, 
cleaner trucks.  Baseline CO2 emissions, however, are projected to increase since 
improvements in fuel economy are not expected to keep pace with increased heavy 
duty truck VMT.  ARB is proposing to improve fuel economy and reduce CO2 emissions 
from heavy duty trucks in future years through other programs and technologies, 
including increased usage of aerodynamic fairings and tires of lower rolling resistance. 
 
Figure 33.  California Statewide NOx emissions from Trucks, Baseline 2008 - 2023  
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Figure 34.  California Statewide PM2.5 Emissions from Trucks, 2008-2023 
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Figure 35.  California Statewide CO2 Emissions from Trucks, Baseline 2008-2023 
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H. Statewide Truck and Bus Regulation Benefits 

The proposed Statewide Truck and Bus Regulation would initially require older vehicles 
to install diesel particulate filters.  Several years later, the regulation would require 
operators to either purchase a newer compliant vehicle to replace an older non-
compliant vehicle or retrofit the older non-compliant vehicle with emissions controls that 
would enable each vehicle to comply with regulatory emission standards.  Under the 
proposed regulation, a fleet operator may choose among multiple compliance options 
on a per-pollutant and per-calendar year basis.  Options include:  (1) best available 
control technology (BACT) schedule; (2) fleet average requirements; (3) percent limit 
requirements; (4) low mileage thresholds with alternative compliance schedules; (5) 
small fleet compliance options; (6) regional compliance options; and (7) other special 
provisions.   
 
To estimate the emissions benefits generated by the proposed regulation, one must 
understand how individual fleet operators may choose to comply with the regulation.  
Each operator’s response may ultimately depend on the age, body type, and other 
characteristics of vehicles in each fleet and the relationship between vehicles in each 
fleet to the inventory categories.  One of the ways we assess potential compliance 
patterns is by evaluating previous vehicle buying patterns by fleets based on survey 
data collected by staff.  We input this information to the cost-model developed to assess 
capital costs under the baseline scenario and the scenario with regulation.  We based 
the cost and economic model, described in greater detail in the Appendix on Cost and 
Economic Analysis Methodology upon survey data representing 6,700 vehicles from 
688 individual company fleets.   
 
Another way we can assess potential compliance patterns is by evaluating the base 
year age distribution in the inventory by category.  As discussed above, the age 
distribution of non-neighboring out-of-state trucks suggests that trucks engaged in the 
longest hauls tend to be purchased new.  After several years in long-haul operation, 
trucks tend to be sold to regional fleets, and a few years after that to local fleets.  This 
type of purchase behavior may not be entirely true of all fleets or trucks within an 
inventory category, but it likely is representative of the majority.  In addition to evaluating 
the age distribution for each inventory category, we also evaluated age distributions for 
each fleet size and mileage threshold group within each inventory category.   
 
Our benefit calculations are also fundamentally based on the idea that newer vehicles 
drive more than older vehicles, but that the regulation will not affect the number of 
vehicle miles traveled within California.  As a result, as new vehicles are purchased due 
to regulatory requirements, we redistribute VMT across age distributions by inventory 
category to ensure VMT is conserved, and to ensure that newer vehicles continue to be 
driven more than older vehicles.   
 

1. Methodology to Assess Statewide Benefits 

To calculate emission benefits, we used a methodology that separated vehicles into five 
groups: (a) high mileage large fleets, (b) high mileage small fleets, (c) low mileage 
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vehicles in large or small fleets, (d) agricultural trucks, and (e) buses.  For each group 
we developed a compliance schedule based upon our best estimate of anticipated 
purchase decisions.  Our compliance schedules developed for each inventory category 
and compliance group assumed that larger, newer fleets will comply with the regulation 
by purchasing new or near-new vehicles and that where possible fleets will choose to 
avoid installing retrofits (especially on mechanically controlled engines that are more 
costly to control) – instead opting to purchase 2007 standard compliant trucks.   
 

a) High Mileage Trucks in Fleets of Four or Greater 

Large, high-mileage truck fleets are well-represented in the cost model.  The cost model 
uses previous purchase behavior to predict future purchases for regulatory compliance 
by fleet, based on the compliance schedules available to these fleets.  We assigned an 
inventory category to each truck in each fleet so that model results could be 
summarized into four general categories:  in-state heavy-heavy tractors, in-state heavy-
heavy single-unit trucks, medium heavy duty trucks, and heavy-heavy interstate trucks.   
We then compiled and analyzed model results to develop a compliance schedule for the 
four categories. 
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We show those compliance schedules in Table 29.   As shown in the table, we assume 
large fleets will choose to replace, rather than retrofit, pre-2003 model year vehicles to 
meet PM BACT requirements.  We do assume fleets will choose to retrofit 2003-2006 
model year trucks in order to gain maximum use out of recently purchased vehicles.  
We also assume that, as in-state fleets purchase compliant replacement vehicles, they 
will purchase a vehicle that is four or five year old.  This assumption is a schematic 
representation that some fleets will choose to purchase older compliant vehicles 
relatively cheaply, while other fleets will choose to purchase new or near-new vehicles.  
Table 29 shows that interstate fleets will replace trucks with newer trucks more 
frequently than in-state fleets. 
 
Table 29.  Compliance Assumptions for High-Mileage Trucks in Fleets of Four or 

Greater 

Heavy-Heavy Duty Diesel In-state Tractors 

  Turnover  

As of 
January 1, 

Model 
Year Percent Calendar 

Year Percent Calendar 
Year Percent Calendar 

Year 

Percent 
with DPF 

(85% 
Control) 

2011 pre-1994 95.5% 2008 4.5% 2010 0.0% 2012   
2012 pre-1994 95.5% 2008 4.5% 2010 0.0% 2012   
2012 2003-2004             100% 
2013 pre-2000 59.5% 2008 35.8% 2010 4.7% 2012   
2013 2005-2006             100% 
2014 pre-2003 45.2% 2008 30.1% 2010 24.7% 2012   
2015 pre-2003 45.2% 2008 30.1% 2010 24.7% 2012   
2016 pre-2005 41.2% 2008 26.6% 2010 32.2% 2012   
2017 pre-2007 37.1% 2008 24.0% 2010 38.8% 2012   
2018 pre-2007 37.1% 2008 0.0% 2010 62.9% 2013   
2019 pre-2007 37.1% 2008 0.0% 2010 62.9% 2014   
2020 pre-2007 37.1% 2008 0.0% 2010 62.9% 2015   
2021 pre-2008 21.7% 2008 0.0% 2010 78.3% 2016   
2022 pre-2009 0.0% 2008 0.0% 2010 100.0% 2016   
2023 pre-2010 0.0% 2008 0.0% 2010 100.0% 2017   
2024 pre-2010 0.0% 2008 0.0% 2010 100.0% 2018   
2025 pre-2010 0.0% 2008 0.0% 2010 100.0% 2019   
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 Heavy-Heavy Duty Diesel In-State Single-Units and Power-Take Off  

 Turnover  

As of 
January 1, 

Model 
Year Percent Calendar 

Year Percent Calendar 
Year Percent Calendar 

Year 

Percent 
with DPF 

(85% 
Control) 

2011 pre-1994 100.0% 2008 0.0% 2010 0.0% 2012   
2012 pre-1994 100.0% 2008 0.0% 2010 0.0% 2012   
2012 2003-2004             100% 
2013 pre-2000 61.1% 2008 37.0% 2010 1.9% 2012   
2013 2005-2006             100% 
2014 pre-2003 47.9% 2008 37.4% 2010 14.7% 2012   
2015 pre-2003 47.9% 2008 37.4% 2010 14.7% 2012   
2016 pre-2005 44.8% 2008 33.9% 2010 21.3% 2012   
2017 pre-2007 38.5% 2008 30.5% 2010 31.0% 2012   
2018 pre-2007 38.5% 2008 0.0% 2010 61.5% 2013   
2019 pre-2007 38.5% 2008 0.0% 2010 61.5% 2014   
2020 pre-2007 38.5% 2008 0.0% 2010 61.5% 2015   
2021 pre-2008 22.6% 2008 0.0% 2010 77.4% 2016   
2022 pre-2009 0.0% 2008 0.0% 2010 100.0% 2016   
2023 pre-2010 0.0% 2008 0.0% 2010 100.0% 2017   
2024 pre-2010 0.0% 2008 0.0% 2010 100.0% 2018   
2025 pre-2010 0.0% 2008 0.0% 2010 100.0% 2019   

 
 Medium-Heavy-Duty In-State and Interstate 

 Turnover  

As of 
January 1, 

Model 
Year Percent Calendar 

Year Percent Calendar 
Year Percent Calendar 

Year 

Percent 
with DPF 

(85% 
Control) 

2011 pre-1994 93.3% 2008 6.7% 2010 0.0% 2012   
2012 pre-1994 93.3% 2008 6.7% 2010 0.0% 2012   

2012 
2003-
2004             100% 

2013 pre-2000 72.5% 2008 27.0% 2010 0.5% 2012   

2013 
2005-
2006             100% 

2014 pre-2003 56.4% 2008 25.5% 2010 18.2% 2012   
2015 pre-2003 56.4% 2008 25.5% 2010 18.2% 2012   
2016 pre-2005 49.8% 2008 21.5% 2010 28.6% 2012   
2017 pre-2007 47.9% 2008 20.7% 2010 31.4% 2012   
2018 pre-2007 47.9% 2008 0.0% 2010 52.1% 2013   
2019 pre-2007 47.9% 2008 0.0% 2010 52.1% 2014   
2020 pre-2007 47.9% 2008 0.0% 2010 52.1% 2015   
2021 pre-2008 28.8% 2008 0.0% 2010 71.2% 2016   
2022 pre-2009 0.0% 2008 0.0% 2010 100.0% 2016   
2023 pre-2010 0.0% 2008 0.0% 2010 100.0% 2017   
2024 pre-2010 0.0% 2008 0.0% 2010 100.0% 2018   
2025 pre-2010 0.0% 2008 0.0% 2010 100.0% 2019   
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Heavy-Heavy Duty Interstate Trucks  

 Turnover  

As of 
January 1, 

Model 
Year Percent Calendar 

Year Percent Calendar 
Year Percent Calendar 

Year 

Percent 
with DPF 

(85% 
Control) 

2011 pre-1994 85.4% 2008 14.6% 2010 0.0% 2012   
2012 pre-1994 85.4% 2008 14.6% 2010 0.0% 2012   
2012 2003-2004             100% 
2013 pre-2000 48.8% 2008 42.9% 2010 8.3% 2012   
2013 2005-2006             100% 
2014 pre-2003 23.0% 2008 26.8% 2010 50.2% 2012   
2015 pre-2003 23.0% 2008 26.8% 2010 50.2% 2012   
2016 pre-2005 20.4% 2008 23.8% 2010 55.8% 2012   
2017 pre-2007 19.2% 2008 22.4% 2010 58.4% 2012   
2018 pre-2007 19.2% 2008 0.0% 2010 80.8% 2013   
2019 pre-2007 19.2% 2008 0.0% 2010 80.8% 2014   
2020 pre-2007 19.2% 2008 0.0% 2010 80.8% 2015   
2021 pre-2008 10.3% 2008 0.0% 2010 89.7% 2016   
2022 pre-2009 0.0% 2008 0.0% 2010 100.0% 2016   
2023 pre-2010 0.0% 2008 0.0% 2010 100.0% 2017   
2024 pre-2010 0.0% 2008 0.0% 2010 100.0% 2018   
2025 pre-2010 0.0% 2008 0.0% 2010 100.0% 2019   

 

b) High Mileage Trucks in Fleets of Three or Fewer 

Under the proposed regulation, small fleets are exempt from performance requirements 
through 2011.  In 2012 a small fleet must upgrade its first truck to a maximum emission 
rate equivalent to a 2004 engine with a retrofit DPF.  Other vehicles in small fleets must 
be upgraded between 2013 and 2022.  Using this information, we developed the 
compliance schedule identified in Table 30. 
 
Table 30.  Compliance Assumptions for High Mileage Trucks in Fleets of Three or 

Fewer 

First truck in one-, two-, or three-truck fleet  

As of 
January 1, Model Year Turnover to 

Percent with 
DPF 

(85% Control) 

2013 pre-2003 2007   
2013 2003-2006   100% 
2018 2003-2006 2011   
2021 2007 2013   
2022 2008 2014   
2023 2009 2015   
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Second truck in two-truck fleet   

As of 
January 1, Model Year Turnover to 

Percent with 
DPF 

(85% Control) 

2014 pre-2003 2009   
2014 2003-2006   100% 
2016 2003-2004 2010   
2017 2005-2006 2010   
2021 2007 2013   
2022 2008 2014   
2023 2009 2015   

  

Second truck in three-truck fleet   

As of 
January 1, Model Year Turnover to 

Percent with 
DPF 

(85% Control) 

2014 pre-2003 80% to 2009   
2014 pre-2003 20% to 2010   
2014 2003-2006   100% 
2016 2003-2004 2010   
2017 2005-2006 2010   
2021 2007 2014   
2022 2008 2015   
2023 2009 2017   

  

Third truck in three-truck fleet   

As of 
January 1, Model Year Turnover to 

Percent with 
DPF 

(85% Control) 

2014 pre-2003 80% to 2009   

2014 pre-2003 

20% no 
turnover until 

2015   
2014 2003-2006   100% 
2016 2003-2004 2010   
2016 pre-2003 80% to 2009   
2016 pre-2003 20% to 2010   
2017 2005-2006 2010   
2021 2007 2015   
2022 2008 2016   
2023 2009 2017   

 
c) Low Mileage Trucks in Any Fleet Size 

Under the proposed regulation, low mileage trucks (defined as heavy-heavy duty diesel 
trucks driving less than 7,500 miles/yr and medium-heavy duty diesel trucks driving less 
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than 5,000 miles/yr) are allowed to delay compliance with turnover requirements until 
2020.  Using this information we applied the compliance schedule shown in Table 31.   
 
Table 31.  Compliance Assumptions for Low Mileage Trucks in Fleets of Any Size 

As of 
January 1, Model Year Turnover 

to 
Percent with DPF 

(85% Control) 

2012 pre-2007  20% 
2013 pre-2007  60% 
2014 pre-2007  100% 
2021 pre-2008 2010  
2022 2008 2010  
2023 2009 2010  

 
d) Agricultural Trucks 

Under the proposed regulation, agricultural fleets are allowed the choice of opting into 
an alternative compliance scenario.  In this scenario, high mileage non-specialty trucks 
in agricultural fleets, defined as pre-1996 model year trucks driven more than 15,000 
miles per year, 1996-2005 model year trucks driven more than 20,000 miles per year, 
and 2006 and newer model year trucks driven more than 25,000 miles per year, must 
comply with regulatory provisions.  Non-specialty trucks driving fewer miles are not 
required to install retrofit DPFs and are not required to meet turnover requirements until 
2016 or 2022 depending on the number of miles traveled per year.  In 2016, the mileage 
threshold is reduced to 10,000 miles per year.  Trucks above that threshold which had 
not previously been complying with regulatory provisions are required to upgrade to a 
2010 model year truck.  Trucks below that threshold, and all specialty agricultural 
vehicles, are required to upgrade to meet 2010 model year equivalent emissions 
standards by the beginning of 2023.  In Table 32 we provide our compliance 
assumptions for agricultural trucks.   
   

Table 32.  Compliance Assumptions for Agricultural Trucks 

Below 10,000 miles/yr and specialty agricultural trucks 

As of 
January 1, Model Year Turnover 

to 
Percent with DPF    

(85% Control) 

2023 pre-2010 2012  

        

Above 10,000 miles/yr but below first mileage threshold 

As of 
January 1, Model Year Turnover 

to 
Percent with DPF    

(85% Control) 

2017 pre-2007 2010  
2021 2007 2012  
2022 2008 2012  
2023 2009 2012  
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Above first mileage threshold (15,000-25,000 miles/yr 
depending on model year) 

As of 
January 1, Model Year Turnover 

to 
Percent with DPF    

(85% Control) 

2011 pre-1994  100% 
2012 2003-2004  100% 
2013 2005-2006  100% 
2013 1994-1999 2008  
2014 2000-2002 2009  
2015 pre-1994 2011  
2016 2003-2004 2011  
2017 2005-2006 2011  
2021 2007 2015  
2022 1994-1999 2016  
2022 2008 2016  
2023 2000-2002 2017  
2023 2009 2017  

 

e) Buses 

Under the proposed regulation, non-school buses that are privately owned are assumed 
to follow BACT provisions in the proposed regulation.  Due to the cost of replacing these 
vehicles we assume bus operators will achieve compliance with the least-cost option; 
this typically involves the oldest compliant vehicle available.  Under the proposed 
regulation, school buses are required to install DPFs but are not required to meet NOx 
emission standards.  These requirements apply in addition to previous regulatory 
requirements developed under the Lower Emissions School Bus program.  We provide 
bus compliance schedules in Table 33. 
 

Table 33.  Compliance Assumptions for Buses 

School Buses 

As of 
January 1, Model Year Turnover 

to 

Percent 
with DPF 

(85% 
Control) 

2011 2000 and after  100% 
2012 1994-1999  100% 
2013 1987-1993  100% 
2014 pre-1987 2007  
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Other Buses 

As of 
January 1, Model Year Turnover 

to 

Percent 
with DPF 

(85% 
Control) 

2011 pre-1994  100% 
2012 2003-2004  100% 
2013 2005-2006  100% 
2013 1994-1999 2010  
2014 2000-2002 2010  
2015 pre-1994 2010  
2016 2003-2004 2010  
2017 2005-2006 2010  
2021 2007 2010  
2022 2008 2010  
2023 2009 2010  

 
2. Statewide Benefits 

In this section we present the statewide emissions reductions anticipated from the 
proposed regulation. 
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a) Statewide Emissions Benefits 

In Figure 36 we show the NOx emissions reduction estimated to result from the 
proposed regulation.  We estimate the greatest absolute NOx emissions benefit to be 
achieved in calendar year 2014, with a reduction of 123.7 tons NOx/day relative to 
baseline emissions.  In Figure 37 we show the emissions reduction estimated to result 
from the regulation, in terms of PM2.5.  We anticipate the greatest emissions reduction to 
be achieved for PM2.5 in 2013, with a reduction of 13.6 tons PM2.5/day relative to 
baseline emissions.  We estimate the CO2 emissions benefit resulting from the 
regulation to be negligible, with the greatest reduction of 570.8 tons CO2/day occurring 
in 2023.  In some years the CO2 emissions are estimated to slightly increase due to the 
decreased fuel efficiency resulting from the technologies used to reduce NOx and PM2.5.  
We show the emissions reduction estimate for CO2 in Figure 38. 
   

Figure 36.  Statewide NOx Emissions Estimates with Regulation 
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Figure 37.  Statewide PM2.5 Emissions Estimates with Regulation 
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Figure 38.  Statewide CO2 Emissions Estimates with Regulation 
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b) Statewide Emissions Benefits by Inventory Category 

In Table 34 we provide statewide NOx reductions achieved by the proposed regulation 
in calendar years 2014 and 2020 for each inventory category.  As the table shows, we 
estimate that single-unit trucks will provide the greatest percent NOx reduction relative 
to their baseline, achieving 45% reductions in 2014 and 2020.  (The reduction achieved 
by the proposed regulation with regard to drayage trucks is negligible for NOx and other 
pollutants in 2014 and 2020 as a result of the ARB drayage truck regulation adopted in 
2007, which will already require significant emissions reductions prior to 2014 (ARB, 
2007a; ARB, 2007b); the regulation proposed herein requires further reductions after 
2020).  When considering all truck categories in aggregate, the largest share of the 
overall NOx reduction to be achieved by the proposed rule will be provided by in-state 
heavy-heavy duty tractors (42% of total reductions in 2014, 45% in 2020) and medium-
heavy duty diesel trucks (20%; 17%). 
  

Table 34.  California Statewide NOx Future Emissions Reductions by Inventory 
Category, 2014 and 2020 (tons/day) 

  2014 2020 

Inventory 
Category 

Base1 Reg2 Reduction3 Share4 Base Reg Reduction Share 

HH Out-of-State 96.3 88.2 -8.4% 6.5% 62.6 59.9 -4.3% 3.4% 
HH CA-IRP 74.0 64.1 -13.3% 8.0% 40.8 36.8 -9.9% 5.1% 
HH Tractor 140.0 88.3 -36.9% 41.7% 92.3 56.3 -39.0% 45.2% 
HH Single unit 44.9 24.5 -45.4% 16.4% 30.6 16.8 -45.2% 17.4% 
HH Drayage 33.4 33.4 0.0% 0.0% 51.4 51.4 0.0% 0.0% 
HH Agriculture 12.4 10.2 -17.6% 1.8% 7.5 4.6 -38.2% 3.6% 
HH Utility 0.6 0.6 -1.6% 0.0% 0.5 0.5 -1.3% 0.0% 
MH In-State 72.6 47.7 -34.2% 20.1% 40.2 26.3 -34.5% 17.4% 
MH Interstate 0.4 0.3 -22.2% 0.1% 0.2 0.2 -19.3% 0.1% 
MH Agriculture 2.7 2.5 -9.3% 0.2% 1.7 1.1 -38.7% 0.8% 
MH Utility 0.3 0.3 -0.8% 0.0% 0.2 0.2 -1.4% 0.0% 
Buses 11.3 9.2 -18.8% 1.7% 8.4 6.8 -19.7% 2.1% 
PTO 11.4 7.1 -37.5% 3.4% 9.2 5.4 -41.8% 4.8% 

All 500.2 376.5 -24.7% 100.0% 345.6 266.1 -23.0% 100.0% 
1 The emissions estimated from each category, under the baseline scenario in the absence of regulation 
2 The emissions estimated from each category, under the scenario with the proposed regulation 
3 The percent reduction estimated from each category with the proposed regulation 
4 The share of total emissions reductions (e.g. 123.7 tons/day, for all, in 2014) represented by the 
category 
 
In Table 35 we provide statewide PM2.5 reductions achieved by the proposed regulation 
in calendar years 2014 and 2020 for each inventory category.  We predict that trucks in 
many categories will achieve large PM2.5 reductions but we predict the largest 
reductions to come from the single-unit category as well as the in-state medium- and 
heavy-heavy duty tractors, in terms of reductions relative to individual category baseline 
emissions.  When considering all truck categories in aggregate, the largest share of the 
overall PM2.5  reduction to be achieved by proposed rule should be provided by in-state 
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heavy-heavy duty tractors (38% of total reductions in 2014; 47% of total reductions in 
2020) and medium-heavy duty diesel trucks (16%; 17%). 
 

Table 35.  California Statewide PM2.5 Future Emissions Reductions by Inventory 
Category, 2014 and 2020 (tons/day) 

  2014 2020 

Inventory 
Category 

Base1 Reg2 Reduction3 Share4 Base Reg Reduction Share 

HH Out-of-State 3.7 1.7 -53.3% 15.5% 2.2 2.0 -9.0% 3.9% 
HH CA-IRP 2.9 1.1 -63.8% 14.4% 1.5 1.2 -19.8% 5.8% 
HH Tractor 6.1 1.3 -79.4% 37.7% 3.9 1.5 -61.2% 46.7% 
HH Single Unit 1.4 0.3 -79.1% 8.5% 1.0 0.3 -66.9% 13.5% 
HH Drayage 0.5 0.5 0.0% 0.0% 0.8 0.8 0.0% 0.0% 
HH Agriculture 0.5 0.3 -52.6% 2.2% 0.3 0.2 -52.4% 3.3% 
HH Utility 0.0 0.0 -4.7% 0.0% 0.0 0.0 -2.7% 0.0% 
MH In-State 2.7 0.6 -77.1% 16.3% 1.5 0.6 -60.9% 17.3% 
MH Interstate 0.0 0.0 -65.7% 0.1% 0.0 0.0 -37.2% 0.1% 
MH Agriculture 0.1 0.1 -33.4% 0.3% 0.1 0.0 -52.1% 0.8% 
MH Utility 0.0 0.0 -0.8% 0.0% 0.0 0.0 -0.8% 0.0% 
Buses 0.4 0.1 -65.2% 1.9% 0.3 0.2 -53.2% 3.4% 
PTO 0.6 0.2 -63.9% 3.1% 0.4 0.1 -74.3% 5.4% 

All 19.0 6.1 -67.7% 100.0% 12.1 6.9 -42.7% 100.0% 
1 The emissions estimated from each category, under the baseline scenario in the absence of regulation 
2 The emissions estimated from each category, under the scenario with the proposed regulation 
3 The percent reduction estimated from each category with the proposed regulation 
4 The share of total emissions reductions (e.g. 12.9 tons/day, for all, in 2014) represented by the category 

398 of 900

398 of 900



 

G-81  

In Table 36 we provide statewide CO2 reductions achieved by the proposed regulation 
in calendar years 2014 and 2020 for each inventory category.  The overall CO2 
reduction for each category is negligible, with none exceeding 1% and some actually 
increasing CO2 emissions.  When considering all the categories in aggregate, the 
largest share of the overall CO2 reduction in 2014 is again represented by the tractors, 
the heavy-heavy tractors from out-of-state as well as California, and the medium-heavy 
trucks from in-state.  In aggregate, we anticipate a slight increase in emissions for 2014 
and a slight reduction for 2020. 
  

Table 36.  California Statewide CO2 Future Emissions Reductions by Inventory 
Category, 2014 and 2020 (tons/day) 

  2014 2020 

Inventory 
Category 

Base1 Reg2 Reduction3 Share4 Base Reg Reduction Share 

HH Out-of-
State 37,997 38,058 0.2% 23.9% 44,681 44,678 0.0% 7.1% 

HH CA-IRP 19,564 19,618 0.3% 20.8% 22,881 22,876 0.0% 12.4% 
HH Tractor 24,309 24,363 0.2% 21.2% 28,441 28,424 -0.1% 42.2% 
HH Single Unit 8,006 8,022 0.2% 6.2% 9,401 9,394 -0.1% 16.0% 
HH Drayage 8,000 8,000 0.0% 0.0% 10,393 10,393 0.0% 0.0% 
HH Agriculture 1,735 1,747 0.7% 4.5% 1,680 1,674 -0.4% 15.2% 
HH Utility 88 88 -0.2% -0.1% 98 98 -0.1% 0.2% 
MH In-State 20,993 21,051 0.3% 22.6% 22,752 22,751 0.0% 1.9% 
MH Interstate 193 194 0.2% 0.1% 210 210 0.0% 0.0% 
MH Agriculture 505 507 0.4% 0.8% 489 487 -0.4% 5.1% 
MH Utility 95 95 0.0% 0.0% 105 105 0.0% 0.1% 
Buses 2,280 2,280 0.0% 0.0% 2,529 2,529 0.0% -0.1% 
PTO 1,589 1,589 0.0% 0.0% 1,878 1,878 0.0% 0.0% 

All 125,354 125,612 0.2% 100.0% 145,537 145,496 0.0% 100.0% 
1 The emissions estimated from each category, under the baseline scenario in the absence of regulation 
2 The emissions estimated from each category, under the scenario with the proposed regulation 
3 The percent reduction estimated from each category with the proposed regulation 
4 The share of total emissions reductions (e.g. -258 tons/day, for all, in 2014) represented by the category 
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In Table 37 we show the distribution of all emissions reductions anticipated to result 
from the proposed regulation.  We expect the largest reductions in NOx and PM2.5 will 
come from trucks registered in California, with heavy-heavy instate trucks providing the 
greatest reductions followed by medium-heavy in-state trucks and single-unit trucks.  
These three categories alone represent over 74% of the overall NOx and 67% of the 
overall PM2.5 emissions reductions anticipated between 2008 and 2023. 
 

Table 37.  Distribution of Total Future Emissions Reductions across Inventory 
Category , 2008-2023 

Inventory 
Category 

NOx 
Share 

PM2.5 

Share 
HH Out-of-State 4.4% 10.8% 
HH CA-IRP 5.8% 10.3% 
HH Tractor 41.1% 40.7% 
HH Single Unit 16.0% 10.4% 
HH Drayage 6.0% 1.1% 
HH Agriculture 2.9% 3.0% 
HH Utility 0.0% 0.0% 
MH In-State 17.4% 16.4% 
MH Interstate 0.1% 0.1% 
MH Agriculture 0.6% 0.6% 
MH Utility 0.0% 0.0% 
Buses 1.7% 2.7% 
PTO 4.1% 4.1% 
Total 100.0% 100.0% 
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c) Statewide Emissions Benefits by Fleet Size 

In Table 38 we subdivide the statewide benefits for NOx reductions for 2014 and 2020 
by truck fleet size.  As shown in the table, we expect the reductions in both 2014 and 
2020 to come primarily from trucks that are driven above the respective mileage 
thresholds that are included for application of the regulation.  When pooling the fleets 
together, we expect that the largest share of the overall emission reduction will come 
from fleets operating more than three trucks, with the second largest share coming from 
single-truck fleets.  We expect the reduction rates, however, to be largest for fleets of 3 
or fewer vehicles.  In addition, we expect that nearly 45% of the NOx emissions 
reductions anticipated in 2014, and more than 47% of the reductions anticipated in 
2020, will come from fleets with three or fewer vehicles.  These projections result largely 
from the fact that smaller fleets tend to have on average older trucks than do larger 
fleets. In Table 39 we show the future NOx baseline emissions and reductions as a 
function of inventory category and fleet size. 
  

Table 38.  California Statewide NOx Future Emissions Reductions by Fleet Size, 
2014 and 2020 (tons/day) 

  2014 2020 

Fleet Size Base Reg Red Share Base Reg Red Share 
1 truck/above threshold 134.8 98.2 -27.2% 29.6% 98.3 73.3 -25.5% 31.5% 
1 truck/below threshold 3.8 3.8 0.0% 0.0% 3.1 3.1 0.0% 0.0% 
2 truck/above threshold 38.7 26.5 -31.4% 9.8% 25.5 17.6 -31.1% 10.0% 
2 truck/below threshold 1.2 1.2 0.0% 0.0% 1.0 1.0 0.0% 0.0% 
3 truck/above threshold 23.7 17.0 -28.6% 5.5% 16.6 11.9 -28.1% 5.9% 
3 truck/below threshold 0.7 0.7 0.0% 0.0% 0.6 0.6 0.0% 0.0% 
4+ truck/above threshold 253.6 194.2 -23.4% 48.0% 169.3 136.4 -19.4% 41.3% 
4+ truck/below threshold 5.1 5.1 0.0% 0.0% 4.0 4.0 0.0% 0.0% 
Ag non specialty higher VMT 8.9 6.4 -27.5% 2.0% 4.9 2.3 -52.1% 3.2% 
Ag non specialty lower VMT 2.5 2.5 0.0% 0.0% 1.8 1.8 0.0% 0.0% 
Ag non specialty midrange VMT 2.2 2.2 0.0% 0.0% 1.6 0.6 -61.0% 1.3% 
Ag specialty vehicle 1.5 1.5 0.0% 0.0% 0.9 0.9 0.0% 0.0% 
Unspecified 23.5 17.2 -27.1% 5.2% 18.2 12.7 -30.2% 6.9% 

All 500.2 376.5 -24.7% 100.0% 345.6 266.1 -23.0% 100.0% 

 
Table 39.  California Statewide NOx Future Emissions Reductions by Inventory 

Category and Fleet Size, 2014 and 2020 (tons/day) 

  2014 2020 
Inventory Category Fleet Size Base Reg Red Share Base Reg Red Share 

1 truck/above 7500 miles 5.45 4.93 -9.5% 0.4% 3.16 2.93 -7.3% 0.3% 
1 truck/below 7500 miles 0.04 0.04 0.0% 0.0% 0.03 0.03 0.0% 0.0% 
2 truck/above 7500 miles 1.69 1.52 -10.0% 0.1% 0.98 0.91 -7.2% 0.1% 
2 truck/below 7500 miles 0.01 0.01 0.0% 0.0% 0.01 0.01 0.0% 0.0% 
3 truck/above 7500 miles 1.23 1.11 -9.7% 0.1% 0.71 0.66 -7.3% 0.1% 
3 truck/below 7500 miles 0.01 0.01 0.0% 0.0% 0.01 0.01 0.0% 0.0% 
4+ truck/above 7500 miles 87.40 80.10 -8.3% 5.9% 57.36 55.01 -4.1% 3.0% 

HH Out of State 

4+ truck/below 7500 miles 0.47 0.47 0.0% 0.0% 0.37 0.37 0.0% 0.0% 
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  2014 2020 
Inventory Category Fleet Size Base Reg Red Share Base Reg Red Share 

1 truck/above 7500 miles 23.01 20.90 -9.2% 1.7% 11.77 10.84 -7.9% 1.2% 
1 truck/below 7500 miles 0.16 0.16 0.0% 0.0% 0.12 0.12 0.0% 0.0% 

2 truck/above 7500 miles 8.17 7.32 -10.4% 0.7% 4.29 3.94 -8.4% 0.5% 
2 truck/below 7500 miles 0.06 0.06 0.0% 0.0% 0.04 0.04 0.0% 0.0% 
3 truck/above 7500 miles 4.53 4.03 -11.1% 0.4% 2.42 2.18 -9.9% 0.3% 

3 truck/below 7500 miles 0.04 0.04 0.0% 0.0% 0.03 0.03 0.0% 0.0% 
4+ truck/above 7500 miles 37.72 31.32 -16.9% 5.2% 21.91 19.40 -11.4% 3.2% 

HH CAIRP 

4+ truck/below 7500 miles 0.30 0.30 0.0% 0.0% 0.22 0.22 0.0% 0.0% 
1 truck/above 7500 miles 52.13 32.96 -36.8% 15.5% 33.68 19.74 -41.4% 17.5% 
1 truck/below 7500 miles 1.31 1.31 0.0% 0.0% 1.14 1.14 0.0% 0.0% 
2 truck/above 7500 miles 14.90 8.86 -40.5% 4.9% 9.90 5.67 -42.7% 5.3% 
2 truck/below 7500 miles 0.39 0.39 0.0% 0.0% 0.34 0.34 0.0% 0.0% 
3 truck/above 7500 miles 8.51 5.24 -38.4% 2.6% 5.65 3.22 -43.0% 3.1% 
3 truck/below 7500 miles 0.22 0.22 0.0% 0.0% 0.19 0.19 0.0% 0.0% 
4+ truck/above 7500 miles 61.24 38.05 -37.9% 18.7% 40.27 24.90 -38.2% 19.3% 

HH Tractor 

4+ truck/below 7500 miles 1.31 1.31 0.0% 0.0% 1.11 1.11 0.0% 0.0% 
1 truck/above 7500 miles 12.31 6.24 -49.3% 4.9% 8.54 4.06 -52.5% 5.6% 
1 truck/below 7500 miles 1.04 1.04 0.0% 0.0% 0.90 0.90 0.0% 0.0% 
2 truck/above 7500 miles 4.28 2.08 -51.4% 1.8% 3.01 1.42 -53.0% 2.0% 
2 truck/below 7500 miles 0.36 0.36 0.0% 0.0% 0.32 0.32 0.0% 0.0% 
3 truck/above 7500 miles 2.68 1.41 -47.4% 1.0% 1.80 0.87 -51.7% 1.2% 
3 truck/below 7500 miles 0.22 0.22 0.0% 0.0% 0.18 0.18 0.0% 0.0% 
4+ truck/above 7500 miles 22.37 11.56 -48.3% 8.7% 14.54 7.72 -46.9% 8.6% 

HH Single Unit 

4+ truck/below 7500 miles 1.60 1.60 0.0% 0.0% 1.31 1.31 0.0% 0.0% 
1 truck 17.94 17.94 0.0% 0.0% 27.62 27.62 0.0% 0.0% 
2 truck 1.99 1.99 0.0% 0.0% 3.07 3.07 0.0% 0.0% 
3 truck 2.24 2.24 0.0% 0.0% 3.45 3.45 0.0% 0.0% 

HH Drayage 

4+ truck 11.21 11.21 0.0% 0.0% 17.26 17.26 0.0% 0.0% 
Ag non specialty higher VMT 7.79 5.60 -28.1% 1.8% 4.27 2.06 -51.7% 2.8% 
Ag non specialty lower VMT 1.92 1.92 0.0% 0.0% 1.38 1.38 0.0% 0.0% 
Ag non specialty midrange VMT 1.48 1.48 0.0% 0.0% 1.11 0.45 -59.3% 0.8% 

HH Agriculture 

Ag specialty vehicle 1.24 1.24 0.0% 0.0% 0.75 0.75 0.0% 0.0% 
HH Utility   0.60 0.59 -1.6% 0.0% 0.46 0.45 -1.3% 0.0% 

1 truck/above 5000 miles 23.96 15.18 -36.6% 7.1% 13.48 8.05 -40.3% 6.8% 
1 truck/below 5000 miles 1.20 1.20 0.0% 0.0% 0.87 0.87 0.0% 0.0% 
2 truck/above 5000 miles 7.59 4.71 -37.9% 2.3% 4.22 2.55 -39.7% 2.1% 
2 truck/below 5000 miles 0.37 0.37 0.0% 0.0% 0.26 0.26 0.0% 0.0% 
3 truck/above 5000 miles 4.52 2.90 -35.9% 1.3% 2.50 1.50 -40.0% 1.3% 
3 truck/below 5000 miles 0.22 0.22 0.0% 0.0% 0.16 0.16 0.0% 0.0% 
4+ truck/above 5000 miles 33.36 21.77 -34.7% 9.4% 17.76 12.01 -32.4% 7.2% 

MH instate 

4+ truck/below 5000 miles 1.39 1.39 0.0% 0.0% 0.95 0.95 0.0% 0.0% 
1 truck/above 5000 miles 0.05 0.05 -11.2% 0.0% 0.03 0.02 -14.4% 0.0% 
1 truck/below 5000 miles 0.00 0.00 0.0% 0.0% 0.00 0.00 0.0% 0.0% 
2 truck/above 5000 miles 0.03 0.03 -17.6% 0.0% 0.02 0.01 -21.2% 0.0% 
2 truck/below 5000 miles 0.00 0.00 0.0% 0.0% 0.00 0.00 0.0% 0.0% 
3 truck/above 5000 miles 0.03 0.03 -21.8% 0.0% 0.02 0.01 -23.0% 0.0% 
3 truck/below 5000 miles 0.00 0.00 0.0% 0.0% 0.00 0.00 0.0% 0.0% 
4+ truck/above 5000 miles 0.31 0.23 -25.5% 0.1% 0.16 0.13 -20.6% 0.0% 

MH Interstate 

4+ truck/below 5000 miles 0.01 0.01 0.0% 0.0% 0.01 0.01 0.0% 0.0% 
Ag non specialty higher VMT 1.08 0.83 -23.3% 0.2% 0.59 0.26 -55.5% 0.4% 
Ag non specialty lower VMT 0.60 0.60 0.0% 0.0% 0.44 0.44 0.0% 0.0% 
Ag non specialty midrange VMT 0.76 0.76 0.0% 0.0% 0.54 0.19 -64.4% 0.4% 

MH Agriculture 

Ag specialty vehicle 0.27 0.27 0.0% 0.0% 0.17 0.17 0.0% 0.0% 
MH Utility   0.32 0.32 -0.8% 0.0% 0.16 0.15 -1.4% 0.0% 
Buses   11.27 9.15 -18.8% 1.7% 8.41 6.75 -19.7% 2.1% 
PTO   11.35 7.10 -37.5% 3.4% 9.22 5.37 -41.8% 4.8% 

All   500.23 376.48 -24.7% 100.0% 345.63 266.13 -23.0% 100.0% 

 
In Table 40 we provide statewide PM2.5 reductions in 2014 and 2020 by truck fleet size 
and mileage threshold.  We expect the reductions in both 2014 and 2020 to come from 
trucks of all different fleet sizes, regardless of whether the trucks are driven above the 
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respective thresholds included for application of the regulation.  The only trucks not 
affected are agricultural trucks that are less-utilized.  When considering all fleets in 
aggregate, the largest share of the overall reduction is again represented first by fleets 
operating more than three trucks, with the second largest share represented by single-
truck fleets.  The reduction rates, again, are greatest for fleets of 3 or fewer vehicles.  
We again expect that nearly 45% of the PM2.5 emissions reductions anticipated in 2014, 
and more than 47% of the reductions anticipated in 2020, will come from fleets with 
three or fewer vehicles.  These projections again result largely from the fact that smaller 
fleets tend to have older vehicles than do larger fleets.  In Table 41 we break down the 
future PM2.5 baseline emissions and reductions further as a function of inventory 
category and fleet size. 
  
Table 40.  California Statewide PM2.5 Future Emissions Reductions by Fleet Size, 

2014 and 2020 

  2014 2020 

Fleet Size Base Reg Red Share Base Reg Red Share 
1 truck/above threshold 5.0 1.3 -74.4% 29.2% 3.2 1.6 -48.7% 30.3% 
1 truck/below threshold 0.1 0.0 -84.0% 1.0% 0.1 0.0 -79.1% 1.7% 
2 truck/above threshold 1.5 0.4 -76.0% 8.9% 0.9 0.4 -52.6% 9.5% 
2 truck/below threshold 0.0 0.0 -83.9% 0.3% 0.0 0.0 -79.2% 0.5% 
3 truck/above threshold 0.9 0.3 -71.9% 5.0% 0.6 0.3 -49.9% 5.5% 
3 truck/below threshold 0.0 0.0 -83.9% 0.2% 0.0 0.0 -78.9% 0.3% 
4+ truck/above threshold 9.4 3.5 -63.5% 46.7% 6.0 4.0 -32.2% 37.2% 
4+ truck/below threshold 0.2 0.0 -82.8% 1.2% 0.1 0.0 -75.6% 2.0% 
Ag non specialty higher VMT 0.4 0.1 -81.2% 2.5% 0.2 0.1 -72.7% 3.0% 
Ag non specialty lower VMT 0.1 0.1 0.0% 0.0% 0.1 0.1 0.0% 0.0% 
Ag non specialty midrange VMT 0.1 0.1 0.0% 0.0% 0.1 0.0 -79.8% 1.0% 
Ag specialty vehicle 0.1 0.1 0.0% 0.0% 0.0 0.0 0.0% 0.0% 
Unspecified 1.0 0.4 -64.1% 5.0% 0.7 0.3 -64.0% 8.8% 

All 19.0 6.1 -67.7% 100.0% 12.1 6.9 -42.7% 100.0% 

 
Table 41.  California Statewide PM2.5 Future Emissions Reductions by Inventory 

Category and Fleet Size, 2014 and 2020 (tons/day) 

  2014 2020 
Inventory Category Fleet Size Base Reg Red Share Base Reg Red Share 

1 truck/above 7500 miles 0.21 0.08 -60.4% 1.0% 0.11 0.10 -15.7% 0.3% 
1 truck/below 7500 miles 0.00 0.00 -81.5% 0.0% 0.00 0.00 -65.3% 0.0% 
2 truck/above 7500 miles 0.07 0.03 -60.6% 0.3% 0.04 0.03 -15.8% 0.1% 
2 truck/below 7500 miles 0.00 0.00 -81.5% 0.0% 0.00 0.00 -65.4% 0.0% 
3 truck/above 7500 miles 0.05 0.02 -60.0% 0.2% 0.03 0.02 -15.8% 0.1% 
3 truck/below 7500 miles 0.00 0.00 -81.5% 0.0% 0.00 0.00 -65.4% 0.0% 
4+ truck/above 7500 miles 3.39 1.61 -52.4% 13.8% 2.04 1.87 -8.2% 3.2% 

HH Out of State 

4+ truck/below 7500 miles 0.02 0.00 -80.1% 0.1% 0.01 0.00 -55.4% 0.1% 
1 truck/above 7500 miles 0.93 0.30 -67.8% 4.9% 0.42 0.35 -16.5% 1.4% 
1 truck/below 7500 miles 0.01 0.00 -81.9% 0.0% 0.00 0.00 -63.4% 0.0% 
2 truck/above 7500 miles 0.32 0.11 -66.4% 1.7% 0.16 0.13 -17.5% 0.5% 
2 truck/below 7500 miles 0.00 0.00 -81.8% 0.0% 0.00 0.00 -65.0% 0.0% 
3 truck/above 7500 miles 0.18 0.06 -66.0% 0.9% 0.09 0.07 -20.5% 0.4% 
3 truck/below 7500 miles 0.00 0.00 -82.3% 0.0% 0.00 0.00 -68.1% 0.0% 
4+ truck/above 7500 miles 1.44 0.58 -60.1% 6.8% 0.82 0.65 -21.0% 3.3% 

HH CAIRP 

4+ truck/below 7500 miles 0.01 0.00 -82.0% 0.1% 0.01 0.00 -70.0% 0.1% 
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  2014 2020 
Inventory Category Fleet Size Base Reg Red Share Base Reg Red Share 

1 truck/above 7500 miles 2.36 0.40 -82.8% 15.2% 1.45 0.51 -65.1% 18.3% 
1 truck/below 7500 miles 0.06 0.01 -84.3% 0.4% 0.05 0.01 -79.5% 0.7% 
2 truck/above 7500 miles 0.67 0.11 -82.9% 4.3% 0.43 0.15 -65.9% 5.5% 
2 truck/below 7500 miles 0.02 0.00 -84.3% 0.1% 0.01 0.00 -80.0% 0.2% 
3 truck/above 7500 miles 0.38 0.08 -79.2% 2.3% 0.25 0.09 -65.3% 3.1% 
3 truck/below 7500 miles 0.01 0.00 -84.3% 0.1% 0.01 0.00 -80.0% 0.1% 
4+ truck/above 7500 miles 2.54 0.63 -75.1% 14.9% 1.70 0.76 -55.0% 18.1% 

HH Tractor 

4+ truck/below 7500 miles 0.06 0.01 -83.5% 0.4% 0.04 0.01 -78.0% 0.7% 
1 truck/above 7500 miles 0.38 0.07 -82.5% 2.5% 0.29 0.08 -71.5% 4.1% 
1 truck/below 7500 miles 0.03 0.00 -84.5% 0.2% 0.03 0.01 -81.0% 0.4% 
2 truck/above 7500 miles 0.13 0.02 -82.3% 0.9% 0.10 0.03 -71.2% 1.4% 
2 truck/below 7500 miles 0.01 0.00 -84.5% 0.1% 0.01 0.00 -81.0% 0.2% 
3 truck/above 7500 miles 0.08 0.02 -77.2% 0.5% 0.06 0.02 -68.8% 0.8% 
3 truck/below 7500 miles 0.01 0.00 -84.3% 0.0% 0.01 0.00 -80.4% 0.1% 
4+ truck/above 7500 miles 0.68 0.16 -76.0% 4.0% 0.50 0.20 -60.9% 5.9% 

HH Single Unit 

4+ truck/below 7500 miles 0.05 0.01 -83.6% 0.3% 0.04 0.01 -78.7% 0.6% 
1 truck 0.24 0.24 0.0% 0.0% 0.43 0.43 0.0% 0.0% 
2 truck 0.03 0.03 0.0% 0.0% 0.05 0.05 0.0% 0.0% 
3 truck 0.03 0.03 0.0% 0.0% 0.05 0.05 0.0% 0.0% 

HH Drayage 

4+ truck 0.15 0.15 0.0% 0.0% 0.27 0.27 0.0% 0.0% 
Ag non specialty higher VMT 0.35 0.06 -81.2% 2.2% 0.19 0.05 -71.8% 2.6% 
Ag non specialty lower VMT 0.08 0.08 0.0% 0.0% 0.06 0.06 0.0% 0.0% 
Ag non specialty midrange VMT 0.05 0.05 0.0% 0.0% 0.04 0.01 -78.2% 0.7% 

HH Agriculture 

Ag specialty vehicle 0.05 0.05 0.0% 0.0% 0.03 0.03 0.0% 0.0% 
HH Utility   0.00 0.00 -4.7% 0.0% 0.00 0.00 -2.7% 0.0% 

1 truck/above 5000 miles 0.91 0.19 -79.2% 5.6% 0.50 0.17 -65.3% 6.3% 
1 truck/below 5000 miles 0.05 0.01 -83.6% 0.3% 0.03 0.01 -79.3% 0.5% 
2 truck/above 5000 miles 0.29 0.06 -78.5% 1.7% 0.15 0.06 -63.7% 1.9% 
2 truck/below 5000 miles 0.01 0.00 -83.5% 0.1% 0.01 0.00 -78.7% 0.2% 
3 truck/above 5000 miles 0.17 0.04 -75.6% 1.0% 0.09 0.03 -63.1% 1.1% 
3 truck/below 5000 miles 0.01 0.00 -83.5% 0.1% 0.01 0.00 -78.5% 0.1% 
4+ truck/above 5000 miles 1.23 0.31 -74.9% 7.2% 0.63 0.29 -54.1% 6.7% 

MH instate 

4+ truck/below 5000 miles 0.05 0.01 -82.6% 0.3% 0.03 0.01 -76.4% 0.5% 
1 truck/above 5000 miles 0.00 0.00 -59.3% 0.0% 0.00 0.00 -25.5% 0.0% 
1 truck/below 5000 miles 0.00 0.00 -77.3% 0.0% 0.00 0.00 -64.4% 0.0% 
2 truck/above 5000 miles 0.00 0.00 -62.2% 0.0% 0.00 0.00 -35.7% 0.0% 
2 truck/below 5000 miles 0.00 0.00 -78.6% 0.0% 0.00 0.00 -70.3% 0.0% 
3 truck/above 5000 miles 0.00 0.00 -63.3% 0.0% 0.00 0.00 -38.8% 0.0% 
3 truck/below 5000 miles 0.00 0.00 -80.1% 0.0% 0.00 0.00 -71.0% 0.0% 
4+ truck/above 5000 miles 0.01 0.00 -66.6% 0.1% 0.01 0.00 -37.3% 0.0% 

MH Interstate 

4+ truck/below 5000 miles 0.00 0.00 -80.2% 0.0% 0.00 0.00 -69.9% 0.0% 
Ag non specialty higher VMT 0.05 0.01 -80.9% 0.3% 0.03 0.01 -79.0% 0.4% 
Ag non specialty lower VMT 0.03 0.03 0.0% 0.0% 0.02 0.02 0.0% 0.0% 
Ag non specialty midrange VMT 0.03 0.03 0.0% 0.0% 0.02 0.00 -82.9% 0.4% 

MH Agriculture 

Ag specialty vehicle 0.01 0.01 0.0% 0.0% 0.01 0.01 0.0% 0.0% 
MH Utility   0.00 0.00 -0.8% 0.0% 0.00 0.00 -0.8% 0.0% 
Buses   0.38 0.13 -65.2% 1.9% 0.33 0.15 -53.2% 3.4% 
PTO   0.62 0.22 -63.9% 3.1% 0.38 0.10 -74.3% 5.4% 

All   18.96 6.12 -67.7% 100.0% 12.08 6.93 -42.7% 100.0% 
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In Table 42 we subdivide the statewide benefits for CO2 reductions for 2014 and 2020 
by truck fleet size.  We anticipate a slight increase for CO2 emissions in 2014 and a 
slight decrease for emissions in 2020.  As noted earlier, these proposed regulations are 
not directed toward the reduction of CO2 emissions.  When pooling the fleets together, 
the largest share of the overall reduction is represented by larger fleets and single-truck 
fleets in both 2014 and 2020. 
  

Table 42.  California Statewide CO2 Future Emissions Reductions by Fleet Size, 
2014 and 2020 

  2014 2020 

Fleet Size Base Reg Red Share Base Reg Red Share 

1 truck/above threshold 26,009 26,102 0.4% 36.4% 30,703 30,689 0.0% 33.0% 

1 truck/below threshold 394 400 1.6% 2.5% 433 438 1.1% -12.0% 

2 truck/above threshold 7,650 7,681 0.4% 12.1% 8,923 8,921 0.0% 5.3% 

2 truck/below threshold 125 127 1.6% 0.8% 138 140 1.1% -3.8% 

3 truck/above threshold 4,854 4,872 0.4% 6.8% 5,674 5,670 -0.1% 8.0% 

3 truck/below threshold 74 75 1.6% 0.5% 82 82 1.1% -2.2% 

4+ truck/above threshold 79,365 79,449 0.1% 32.6% 92,151 92,124 0.0% 65.6% 

4+ truck/below threshold 591 600 1.4% 3.2% 655 661 0.9% -14.3% 

Ag non specialty higher VMT 1,446 1,459 1.0% 5.3% 1,361 1,356 -0.4% 12.9% 

Ag non specialty lower VMT 256 256 0.0% 0.0% 245 245 0.0% 0.0% 

Ag non specialty midrange VMT 315 315 0.0% 0.0% 346 343 -0.9% 7.5% 

Ag specialty vehicle 224 224 0.0% 0.0% 217 217 0.0% 0.0% 

Unspecified 4,052 4,052 0.0% -0.1% 4,610 4,610 0.0% 0.2% 

All 125,354 125,612 0.2% 100.0% 145,537 145,496 0.0% 100.0% 

 
Table 43.  California Statewide CO2 Future Emissions Reductions by Inventory 

Category and Fleet Size, 2014 and 2020 (tons/day) 

  2014 2020 
Inventory 
Category Fleet Size Base Reg Red Share Base Reg Red Share 

1 truck/above 7500 miles 1,642 1,647 0.3% 1.9% 1,925 1,924 0.0% 0.6% 
1 truck/below 7500 miles 5 5 1.0% 0.0% 5 5 0.4% -0.1% 
2 truck/above 7500 miles 508 509 0.3% 0.6% 595 595 0.0% 0.2% 
2 truck/below 7500 miles 2 2 1.0% 0.0% 2 2 0.4% 0.0% 
3 truck/above 7500 miles 368 369 0.3% 0.4% 431 431 0.0% 0.1% 
3 truck/below 7500 miles 1 1 1.0% 0.0% 1 1 0.4% 0.0% 
4+ truck/above 7500 miles 35,407 35,460 0.2% 20.7% 41,647 41,645 0.0% 6.7% 

HH Out of 
State 

4+ truck/below 7500 miles 65 65 0.9% 0.2% 74 74 0.3% -0.5% 

1 truck/above 7500 miles 5,084 5,110 0.5% 9.9% 6,183 6,183 0.0% 2.3% 

1 truck/below 7500 miles 20 20 1.1% 0.1% 22 22 0.4% -0.2% 

2 truck/above 7500 miles 1,879 1,888 0.5% 3.4% 2,283 2,282 0.0% 1.1% 

2 truck/below 7500 miles 7 7 1.1% 0.0% 8 8 0.4% -0.1% 

3 truck/above 7500 miles 1,065 1,070 0.5% 1.9% 1,270 1,269 0.0% 0.6% 

3 truck/below 7500 miles 4 4 1.1% 0.0% 5 5 0.5% -0.1% 

4+ truck/above 7500 miles 11,469 11,483 0.1% 5.3% 13,073 13,069 0.0% 9.2% 

HH CAIRP 

4+ truck/below 7500 miles 35 35 1.1% 0.1% 37 38 0.5% -0.5% 
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  2014 2020 
Inventory 
Category 

Fleet Size Base Reg Red Share Base Reg Red Share 

1 truck/above 7500 miles 6,995 7,030 0.5% 13.6% 8,158 8,152 -0.1% 15.2% 
1 truck/below 7500 miles 121 123 1.7% 0.8% 136 137 1.2% -3.9% 
2 truck/above 7500 miles 2,093 2,103 0.5% 4.0% 2,443 2,443 0.0% 0.6% 
2 truck/below 7500 miles 35 36 1.7% 0.2% 40 40 1.2% -1.2% 
3 truck/above 7500 miles 1,232 1,238 0.4% 2.1% 1,439 1,437 -0.1% 3.3% 
3 truck/below 7500 miles 20 20 1.7% 0.1% 22 23 1.2% -0.7% 
4+ truck/above 7500 miles 13,682 13,681 0.0% -0.5% 16,056 16,042 -0.1% 32.5% 

HH Tractor 

4+ truck/below 7500 miles 129 131 1.5% 0.8% 148 149 1.0% -3.7% 
1 truck/above 7500 miles 1,799 1,806 0.4% 2.6% 2,103 2,100 -0.1% 7.1% 
1 truck/below 7500 miles 101 102 1.7% 0.7% 116 117 1.3% -3.7% 
2 truck/above 7500 miles 653 656 0.4% 1.1% 762 761 -0.1% 1.6% 
2 truck/below 7500 miles 35 36 1.7% 0.2% 41 41 1.3% -1.3% 
3 truck/above 7500 miles 435 437 0.4% 0.7% 510 509 -0.2% 2.0% 
3 truck/below 7500 miles 21 22 1.7% 0.1% 24 25 1.3% -0.8% 
4+ truck/above 7500 miles 4,793 4,792 0.0% -0.3% 5,652 5,646 -0.1% 16.3% 

HH Single 
Unit 

4+ truck/below 7500 miles 169 172 1.6% 1.0% 193 195 1.1% -5.3% 
1 truck 4,299 4,299 0.0% 0.0% 5,584 5,584 0.0% 0.0% 
2 truck 478 478 0.0% 0.0% 620 620 0.0% 0.0% 
3 truck 537 537 0.0% 0.0% 698 698 0.0% 0.0% 

HH Drayage 

4+ truck 2,687 2,687 0.0% 0.0% 3,490 3,490 0.0% 0.0% 
Ag non specialty high VMT 1,205 1,217 1.0% 4.5% 1,141 1,136 -0.4% 10.8% 
Ag non specialty lower VMT 183 183 0.0% 0.0% 175 175 0.0% 0.0% 
Ag non specialty mid VMT 173 173 0.0% 0.0% 197 195 -0.9% 4.4% 

HH 
Agriculture 

Ag specialty vehicle 174 174 0.0% 0.0% 168 168 0.0% 0.0% 
HH Utility   88 88 -0.2% -0.1% 98 98 -0.1% 0.2% 

1 truck/above 5000 miles 6,164 6,186 0.3% 8.3% 6,721 6,718 0.0% 7.8% 
1 truck/below 5000 miles 146 149 1.6% 0.9% 154 156 1.1% -4.1% 
2 truck/above 5000 miles 2,024 2,032 0.4% 3.0% 2,203 2,202 0.0% 1.9% 
2 truck/below 5000 miles 46 46 1.6% 0.3% 48 49 1.1% -1.2% 
3 truck/above 5000 miles 1,201 1,206 0.4% 1.6% 1,310 1,309 -0.1% 1.9% 
3 truck/below 5000 miles 27 27 1.6% 0.2% 29 29 1.0% -0.7% 
4+ truck/above 5000 miles 11,193 11,211 0.2% 7.2% 12,087 12,086 0.0% 0.8% 

MH instate 

4+ truck/below 5000 miles 192 194 1.5% 1.1% 201 202 0.9% -4.3% 
1 truck/above 5000 miles 25 25 0.3% 0.0% 28 28 0.0% 0.0% 
1 truck/below 5000 miles 0 0 0.9% 0.0% 0 0 0.4% 0.0% 
2 truck/above 5000 miles 16 16 0.3% 0.0% 17 17 0.0% 0.0% 
2 truck/below 5000 miles 0 0 1.1% 0.0% 0 0 0.6% 0.0% 
3 truck/above 5000 miles 15 15 0.3% 0.0% 17 17 0.0% 0.0% 
3 truck/below 5000 miles 0 0 1.2% 0.0% 0 0 0.6% 0.0% 
4+ truck/above 5000 miles 135 135 0.2% 0.1% 145 145 0.0% 0.0% 

MH 
Interstate 

4+ truck/below 5000 miles 2 2 1.2% 0.0% 2 2 0.6% 0.0% 
Ag non specialty high VMT 240 242 0.9% 0.8% 221 220 -0.4% 2.1% 
Ag non specialty lower VMT 73 73 0.0% 0.0% 70 70 0.0% 0.0% 
Ag non specialty mid VMT 142 142 0.0% 0.0% 149 148 -0.8% 3.0% 

MH 
Agriculture 

Ag specialty vehicle 50 50 0.0% 0.0% 49 49 0.0% 0.0% 
MH Utility   95 95 0.0% 0.0% 105 105 0.0% 0.1% 
Buses   2,280 2,280 0.0% 0.0% 2,529 2,529 0.0% -0.1% 
PTO   1,589 1,589 0.0% 0.0% 1,878 1,878 0.0% 0.0% 

All   125,354 125,612 0.2% 100.0% 145,537 145,496 0.0% 100.0% 
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Disclaimer 
 
 

 
The California Air Pollution Control Officers Association (CAPCOA) has 
prepared this white paper consideration of evaluating and addressing 
greenhouse gas emissions under the California Environmental Quality Act 
(CEQA) to provide a common platform of information and tools to support 
local governments. 
 
This paper is intended as a resource, not a guidance document.  It is not 
intended, and should not be interpreted, to dictate the manner in which an air 
district or lead agency chooses to address greenhouse gas emissions in the 
context of its review of projects under CEQA. 
 
This paper has been prepared at a time when California law has been 
recently amended by the Global Warming Solutions Act of 2006 (AB 32), 
and the full programmatic implications of this new law are not yet fully 
understood.  There is also pending litigation in various state and federal 
courts pertaining to the issue of greenhouse gas emissions.  Further, there is 
active federal legislation on the subject of climate change, and international 
agreements are being negotiated.  Many legal and policy questions remain 
unsettled, including the requirements of CEQA in the context of greenhouse 
gas emissions.  This paper is provided as a resource for local policy and 
decision makers to enable them to make the best decisions they can in the 
face of incomplete information during a period of change.  
 
Finally, this white paper reviews requirements and discusses policy options, 
but it is not intended to provide legal advice and should not be construed as 
such.  Questions of legal interpretation, particularly in the context of CEQA 
and other laws, or requests for advice should be directed to the agency’s 
legal counsel. 
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Introduction 
 
The California Environmental Quality Act (CEQA) requires that public agencies 
refrain from approving projects with significant adverse environmental impacts if 
there are feasible alternatives or mitigation measures that can substantially reduce  
or avoid those impacts.  There is growing concern about greenhouse gas emissions1 
(GHG) and recognition of their significant adverse impacts on the world’s climate and on 
our environment.  In its most recent reports, the International Panel on Climate Change 
(IPCC) has called the evidence for this “unequivocal.”  In California, the passage of the 
Global Warming 
Solutions Act of 
2006 (AB 32) 
recognizes the 
serious threat to the 
“economic well-
being, public health, 
natural resources, and 
the environment of 
California” resulting 
from global warming.  
In light of our current 
understanding of 
these impacts, public 
agencies approving 
projects subject to the 
CEQA are facing 
increasing pressure to 
identify and address potential significant impacts due 
to GHG emissions.  Entities acting as lead agencies 
in the CEQA process are looking for guidance on 
how to adequately address the potential climate 
change impacts in meeting their CEQA obligations. 
 
Air districts have traditionally provided guidance to 
local lead agencies on evaluating and addressing air pollution impacts from projects 
subject to CEQA.  Recognizing the need for a common platform of information and tools 
to support decision makers as they establish policies and programs for GHG and CEQA, 
the California Air Pollution Control Officers Association has prepared a white paper 
reviewing policy choices, analytical tools, and mitigation strategies.  
 
This paper is intended to serve as a resource for public agencies as they establish agency 
procedures for reviewing GHG emissions from projects under CEQA.  It considers the 
application of thresholds and offers three alternative programmatic approaches toward 
                                                 
1 Throughout this paper GHG, CO2, CO2e, are used interchangeably and refer generally to greenhouse 
gases but do not necessarily include all greenhouse gases unless otherwise specified. 
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determining whether GHG emissions are significant.  The paper also evaluates tools and 
methodologies for estimating impacts, and summarizes mitigation measures.  It has been 
prepared with the understanding that the programs, regulations, policies, and procedures 
established by the California Air Resources Board (CARB) and other agencies to reduce 
GHG emissions may ultimately result in a different approach under CEQA than the 
strategies considered here.  The paper is intended to provide a common platform for 
public agencies to ensure that GHG emissions are appropriately considered and addressed 
under CEQA while those programs are being developed. 
 
Examples of Other Approaches 
 
Many states, counties, and cities have developed policies and regulations concerning 
greenhouse gas emissions that seek to require or promote reductions in GHG emissions 
through standards for vehicle emissions, fuels, electricity production/renewables, 
building efficiency, and other means.  A few have developed guidance and are currently 
considering formally requiring or recommending the analysis of greenhouse gas 
emissions for development projects during their associated environmental processes.  
Key work in this area includes: 
 

• Massachusetts Office of Energy and Environmental 
Affairs Greenhouse Gas Emissions Policy; 

 
• King County, Washington, Executive Order on the 

Evaluation of Climate Change Impacts through the 
State Environmental Policy Act;  

 
• Sacramento AQMD interim policy on addressing 

climate change in CEQA documents; and 
 

• Mendocino AQMD updated guidelines for use 
during preparation of air quality impacts in Environmental 
Impact Reports (EIRs) or mitigated negative declarations. 

 
The following paper evaluates options for lead agencies to ensure that GHG emissions 
are appropriately addressed as part of analyses under CEQA.  It considers the use of 
significance thresholds, tools and methodologies for analyzing GHG emissions, and 
measures and strategies to avoid, reduce, or mitigate impacts. 
 
Greenhouse Gas Significance Criteria 
 
This white paper discusses three basic options air districts and lead agencies can pursue 
when contemplating the issues of CEQA thresholds for greenhouse gas emissions.  This 
paper explores each path and discusses the benefits and disbenefits of each.  The three 
basic paths are: 
 

• No significance threshold for GHG emissions; 
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• GHG emissions threshold set at zero; or 
 
• GHG threshold set at a non-zero level. 

 
Each has inherent advantages and disadvantages.  Air districts and lead agencies may 
believe the state or national government should take the lead in identifying significance 
thresholds to address this global impact.  Alternatively, the agency may believe it is 
premature or speculative to determine a clear level at which a threshold should be set.  
On the other hand, air districts or lead agencies may believe that every GHG emission 
should be scrutinized and mitigated or offset due to the cumulative nature of this impact.  
Setting the threshold at zero will place all discretionary projects under the CEQA 
microscope.   Finally, an air district or lead agency may believe that some projects will 
not benefit from a full environmental impact report (EIR), and may believe a threshold at 
some level above zero is needed. 
 
This paper explores the basis and implications of setting no threshold, setting a threshold 
at zero and two primary approaches for those who may choose to consider a non-zero 
threshold.  The first approach is grounded in statute (AB 32) and executive order (EO S-
3-05) and explores four possible options under this scenario.  The options under this 
approach are variations of ways to achieve the 2020 goals of AB 32 from new 
development, which is estimated to be about a 30 percent reduction from business as 
usual. 
 
The second approach explores a tiered threshold option.  Within this option, seven 
variations are discussed.  The concepts explored here offer both quantitative and 
qualitative approaches to setting a threshold as well as different metrics by which tier cut-
points can be set.  Variations range from setting the first tier cut-point at zero to second-
tier cut-points set at defined emission levels or based on the size of a project.  It should be 
noted that some applications of the tiered threshold approach may require inclusion in a 
General Plan or adoption of enabling regulations or ordinances to render them fully 
effective and enforceable. 
 
Greenhouse Gas Analytical Methodologies 
 
The white paper evaluates various analytical methods and modeling tools that can be 
applied to estimate the greenhouse gas emissions from different project types subject to 
CEQA.  In addition, the suitability of the methods and tools to characterize accurately a 
project’s emissions is discussed and the paper provides recommendations for the most 
appropriate methodologies and tools currently available. 
 
The suggested methodologies are applied to residential, commercial, specific plan and 
general plan scenarios where GHG emissions are estimated for each example.  This 
chapter also discusses estimating emissions from solid waste facilities, a wastewater 
treatment plant, construction, and air district rules and plans. 
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Another methodology, a service population metric, that would measure a project’s overall 
GHG efficiency to determine if a project is more efficient than the existing statewide 
average for per capita GHG emissions is explored.  This methodology may be more 
directly correlated to a project’s ability to help achieve objectives outlined in AB 32, 
although it relies on establishment of an efficiency-based significance threshold.  The 
subcommittee believes this methodology may eventually be appropriate to evaluate the 
long-term GHG emissions from a project in the context of meeting AB 32 goals.  
However, this methodology will need further work and is not considered viable for the 
interim guidance presented in this white paper. 
 
Greenhouse Gas Mitigation Measures 
 
Common practice in environmental protection is first to avoid, then to minimize, and 
finally to compensate for impacts.  When an impact cannot be mitigated on-site, off-site 
mitigation can be effectively implemented in several resource areas, either in the form of 
offsetting the same impact or preserving the resource elsewhere in the region. 
 
This white paper describes and evaluates currently available 
mitigation measures based on their economic, technological 
and logistical feasibility, and emission reduction 
effectiveness.  The potential for secondary impacts to air 
quality are also identified for each measure.  A summary of 
current rules and regulations affecting greenhouse gas 
emissions and climate change is also provided. 
 

Reductions from transportation related measures (e.g., bicycle, 
pedestrian, transit, and parking) are explored as a single 
comprehensive approach to land use.  Design measures that 
focus on enhancing alternative transportation are discussed.  
Mitigation measures are identified for transportation, land 
use/building design, mixed-use development, energy efficiency, 
education/social awareness and construction.   
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Purpose 
 
CEQA requires the avoidance or mitigation of significant adverse environmental 
impacts where there are feasible alternatives available.  The contribution of GHG to 
climate change has been documented in the scientific community.  The California 
Global Warming Solutions Act of 2006 (AB 32) mandates significant reductions in 
greenhouse gases (GHG); passage of that law has highlighted the need to consider the 
impacts of GHG emissions from projects that fall under the jurisdiction of the California 
Environmental Quality Act (CEQA).  Because we have only recently come to fully 
recognize the potential for significant environmental impacts from GHG, most public 
agencies have not yet established policies and procedures to consider them under CEQA.  
As a result, there is great need for information and other resources to assist public 
agencies as they develop their programs. 
 
Air districts have historically provided guidance to local governments on the evaluation 
of air pollutants under CEQA.  As local concern about climate change and GHG has 
increased, local governments have requested guidance on incorporating analysis of these 
impacts into local CEQA review.  The California Air Pollution Control Officers 
Association (CAPCOA), in coordination with the CARB, the Governor’s Office of 
Planning and Research (OPR) and two environmental consulting firms, has harnessed the 
collective expertise to evaluate approaches to analyzing GHG in CEQA.  The purpose of 
this white paper is to provide a common platform of information and tools to address 
climate change in CEQA analyses, including the 
evaluation and mitigation of GHG emissions from 
proposed projects and identifying significance 
threshold options.   
 
CEQA requires public agencies to ensure that 
potentially significant adverse environmental 
effects of discretionary projects are fully 
characterized, and avoided or mitigated where 
there are feasible alternatives to do so.  Lead 
agencies have struggled with how best to identify 
and  characterize the magnitude of the adverse 
effects that individual projects have on the global-scale phenomenon of climate change, 
even more so since Governor Schwarzenegger signed Executive Order S-3-05 and the 
state Legislature enacted The Global Warming Solutions Act of 2006 (AB 32).  There is 
now a resounding call to establish procedures to analyze and mitigate greenhouse gas 
(GHG) emissions.  The lack of established thresholds does not relieve lead agencies of 
their responsibility to analyze and mitigate significant impacts, so many of these agencies 
are seeking guidance from state and local air quality agencies.  This white paper 
addresses issues inherent in establishing CEQA thresholds, evaluates tools, catalogues 
mitigation measures and provides air districts and lead agencies with options for 
incorporating climate change into their programs.   
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Background 
 
National and International Efforts 
 
International and Federal legislation have been enacted to deal with climate change 
issues.  The Montreal Protocol was originally signed in 1987 and substantially amended 
in 1990 and 1992.  In 1988, the United Nations and the World Meteorological 
Organization established the IPCC to assess the scientific, technical and socioeconomic 
information relevant to understanding the scientific basis of risk of human-induced 
climate change, its potential impacts, and options for adaptation and mitigation.  The 

most recent reports of the IPCC have emphasized the 
scientific consensus around the evidence that real and 
measurable changes to the climate are occurring, that 
they are caused by human activity, and that significant 
adverse impacts on the environment, the economy, and 

human health and welfare 
are unavoidable. 
 
In October 1993, 
President Clinton 
announced his Climate 
Change Action Plan, 
which had a goal to return 
greenhouse gas emissions 
to 1990 levels by the year 
2000.  This was to be 
accomplished through 50 
initiatives that relied on 
innovative voluntary 
partnerships between the 
private sector and 

government aimed at producing cost-effective reductions in greenhouse gas emissions.  
On March 21, 1994, the United States joined a number of countries around the world in 
signing the United Nations Framework Convention on Climate Change (UNFCCC).  
Under the Convention, governments agreed to gather and share information on 
greenhouse gas emissions, national policies, and best practices; launch national strategies 
for addressing greenhouse gas emissions and adapting to expected impacts, including the 
provision of financial and technological support to developing countries; and cooperate in 
preparing for adaptation to the impacts of climate change. 
 
These efforts have been largely policy oriented.  In addition to the national and 
international efforts described above, many local jurisdictions have adopted climate 
change policies and programs.  However, thus far little has been done to assess the 
significance of the affects new development projects may have on climate change. 
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Executive Order S-3-05 
 
On June 1, 2005, Governor Schwarzenegger issued Executive Order S-3-05 (S-3-05).  
It included the following GHG emission reduction targets: by 2010, reduce GHG 
emissions to 2000 levels; by 2020, reduce GHG emissions to 1990 levels; by 2050, 
reduce GHG emissions to 80 percent below 1990 levels.  To meet the targets, the 
Governor directed the Secretary of the California Environmental Protection Agency to 
coordinate with the Secretary of the Business, Transportation and Housing Agency, 
Secretary of the Department of Food and Agriculture, Secretary of the Resources 
Agency, Chairperson of the CARB, Chairperson of the Energy Commission and 
President of the Public Utilities Commission on development of a Climate Action Plan.  
 
The Secretary of CalEPA leads a Climate Action Team (CAT) made up of 
representatives from the agencies listed above to implement global warming emission 
reduction programs identified in the Climate Action Plan and report on the progress made 
toward meeting the statewide greenhouse gas targets that were established in the 
Executive Order.  

 
In accord with the requirements of the Executive Order, the first report to the Governor 
and the Legislature was released in March 2006 and will be issued bi-annually thereafter.  
The CAT Report to the Governor contains recommendations and strategies to help ensure 
the targets in Executive Order S-3-05 are met. 

 
SOURCE: ARB 2007 
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California Global Warming Solutions Act of 2006 (AB 32) 
 
In 2006, the California State Legislature adopted the California Global Warming 
Solutions Act of 2006.  AB 32 establishes a cap on statewide greenhouse gas emissions 
and sets forth the regulatory framework to achieve the corresponding reduction in 
statewide emissions levels.  AB 32 charges the California Air Resources Board (CARB), 
the state agency charged with regulating statewide air quality, with implementation of the 
act.  Under AB 32, greenhouse gases are defined as: carbon dioxide, methane, nitrous 
oxide, hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride. 
 
The regulatory steps laid out in AB 32 require CARB to: adopt early action measures to 
reduce GHGs; to establish a statewide greenhouse gas emissions cap for 2020 based on 
1990 emissions; to adopt mandatory reporting rules for significant source of greenhouse 
gases; and to adopt a scoping plan indicating how emission reductions will be achieved 
via regulations, market mechanisms and other actions; and to adopt the regulations 
needed to achieve the maximum technologically feasible and cost-effective reductions in 
greenhouse gases. 
 
AB 32 requires that by January 1, 2008, the State Board shall determine what the 
statewide greenhouse gas emissions inventory was in 1990, and approve a statewide 
greenhouse gas emissions limit that is equivalent to that level, to be achieved by 2020.  
While the level of 1990 GHG emissions has not yet been approved, CARB’s most recent 
emission inventory indicates that California had annual emissions of 436 million metric 
tons of carbon dioxide equivalent (MMT CO2e) in 1990 and 497 MMT CO2e in 2004. 
 

The regulatory timeline laid out in AB 
32 requires that by July 1, 2007, CARB 
adopt a list of discrete early action 
measures, or regulations, to be adopted 
and implemented by January 1, 2010.  
These actions will form part of the 
State’s comprehensive plan for 
achieving greenhouse gas emission 
reductions.  In June 2007, CARB 
adopted three discrete early action 
measures.  These three new proposed 
regulations meet the definition of 

“discrete early action greenhouse gas reduction measures,” which include the following: 
a low carbon fuel standard; reduction of HFC-134a emissions from non-professional 
servicing of motor vehicle air conditioning systems; and improved landfill methane 
capture.  CARB estimates that by 2020, the reductions from those three discrete early 
action measures would be approximately 13-26 MMT CO2e. 
 
CARB evaluated over 100 possible measures identified by the CAT for inclusion in the 
list of discrete early action measures.  On October 25, 2007 CARB gave final approval to 
the list of Early Action Measures, which includes nine discrete measures and 35 

 
SOURCE: ARB 2007 
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additional measures, all of which are to be enforceable by January 1, 2010.  AB 32 
requires that by January 1, 2009, CARB adopt a scoping plan indicating how emission 
reductions will be achieved via regulations, market mechanisms and other actions.  
 
Senate Bill 97 
 
Senate Bill (SB) 97, signed in August 2007, acknowledges 
that climate change is an important environmental issue 
that requires analysis under CEQA.  This bill directs the 
OPR to prepare, develop, and transmit to the Resources 
Agency guidelines for the feasible mitigation of GHG 
emissions or the effects of GHG emissions, by 
July 1, 2009.  The Resources Agency is required 
to certify or adopt those guidelines by January 1, 
2010.  This bill also protects projects funded by 
the Highway Safety, Traffic Reduction, Air 
Quality and Port Security Bond Act of 2006, or 
the Disaster Preparedness and Flood Protection 
Bond Act of 2006 (Proposition 1B or 1E) from 
claims of inadequate analysis of GHG as a legitimate cause of action.  This latter 
provision will be repealed on January 1, 2010.  Thus, this “protection” is highly limited to 
a handful of projects and for a short time period. 
 
The Role of Air Districts in the CEQA Process 
 
Air districts assume one of three roles in the CEQA process.  They may be lead agencies 
when they are adopting regulations and air quality plans.  In some instances, they can 
also be a lead agency when approving permits to construct or operate for applicants 
subject to district rules.  However, in many cases where an air district permit is involved, 
another agency has broader permitting authority over the project and assumes the role of 
lead agency.  In these situations, the air district becomes what is referred to as a 
responsible agency under CEQA.  When CEQA documents are prepared for projects that 
do not involve discretionary approval of a district regulation, plan or permit, the air 
district may assume the role of a concerned or commenting agency.  In this role, it is 
typical for air districts to comment on CEQA documents where there may be air quality-
related adverse impacts, such as projects that may create significant contributions to 
existing violations of ambient standards, cause a violation of an ambient standard or 
create an exposure to toxic air contaminants or odors.  In some cases, the air district may 
also act in an “advisory” capacity to a lead agency early on in its review of an application 
for a proposed development project. 
 
A few air districts in California began developing significance thresholds for use in 
CEQA analyses in the late 1980’s and early 1990’s.  By the mid-1990’s most air districts 
had developed CEQA thresholds for air quality analyses.  Many of the districts have 
included in their guidance the analysis of rule development and permits that may be 
subject to CEQA. 
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What is Not Addressed in this Paper 
 
Impacts of Climate Change to a Project 
 
The focus of this paper is addressing adverse impacts to climate change and the ability to 
meet statewide GHG reduction goals caused by proposed new land development projects.  

CEQA also requires an assessment of significant adverse 
impacts a project might cause by bringing development 
and people into an area affected by climate change 
(CEQA Guidelines §15126.2).  For example, an area that 

experiences higher average temperatures due 
to climate change may expose new 
development to more frequent exceedances 
and higher levels of ozone concentrations.  
Alternatively, a rise in sea level brought on 
by climate change may inundate new 
development locating in a low-lying area.  
The methodologies, mitigation and threshold 
approaches discussed in this paper do not 
specifically address the potential adverse 
impacts resulting from climate change that 
may affect a project. 
 

Impacts from Construction Activity 
 
Although construction activity has been addressed in the 
analytical methodologies and mitigation chapters, this 
paper does not discuss whether any of the threshold 
approaches adequately addresses impacts from 
construction activity.  More study is needed to make this 
assessment or to develop separate thresholds for 
construction activity.  The focus of this paper is the 
long-term adverse operational impacts of land use 
development.   
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Introduction  

Any analysis of environmental impacts under CEQA includes an assessment of the 
nature and extent of each impact expected to result from the project to determine 
whether the impact will be treated as significant or less than significant.  CEQA gives 
lead agencies discretion whether to classify a particular environmental impact as 
significant.  "The determination of whether a project may have a significant effect on the 
environment calls for careful judgment on the part of the public agency involved," ref: 
CEQA Guidelines §15064(b) (“Guidelines”).  Ultimately, formulation of a standard of 
significance requires the lead agency to make a policy judgment about where the line 
should be drawn distinguishing adverse impacts it considers significant from those that 
are not deemed significant.  This judgment must, however, be based on scientific 
information and other factual data to the extent possible (Guidelines §15064(b)). 

CEQA does not require that agencies establish thresholds of significance.  Guidelines 
§15064.7(a) encourages each public agency “…to develop and publish thresholds of 
significance that the agency uses in the determination of the significance of environmental 
effects.  A threshold of significance is an identifiable quantitative, qualitative or 
performance level of a particular environmental effect, non-compliance with which means 
the effect will normally be determined to be significant by the agency and compliance with 
which normally means the effect will be determined to be less than significant.” 
 
Once such thresholds are established, an impact that complies with the applicable 
threshold will "normally" be found insignificant and an impact that does not comply with 
the applicable threshold will "normally" be found significant. 
 
Additionally, Guidelines §15064.7(b) requires that if thresholds of significance are 
adopted for general use as part of the lead agency’s environmental review process they 
must be adopted by ordinance, resolution, rule or regulation, and developed through a 
public review process and be supported by substantial evidence. 
 
While many public agencies adopt regulatory standards as thresholds, the standards do not 
substitute for a public agency’s use of careful judgment in determining significance.  They 
also do not replace the legal standard for significance (i.e., if there is a fair argument, based 
on substantial evidence in light of the whole record that the project may have a significant 
effect, the effect should be considered significant) (Guidelines §15064(f)(1).  Also see 
Communities for a Better Environment v. California Resource Agency 103 Cal. App. 4th 98 
(2002)).  In other words, the adoption of a regulatory standard does not create an 
irrebuttable presumption that impacts below the regulatory standard are less than significant.   
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Summary of CEQA Thresholds at Air Districts 
 
This section briefly summarizes the evolution of air district 
CEQA significance thresholds.  Ventura County APCD, in 
1980, was the first air district in California that formally 
adopted CEQA significance thresholds.  Their first CEQA 
assessment document contained impact thresholds based on 
project type: residential, nonresidential, and government.  
Then, as now, the District’s primary CEQA thresholds 
applied only to ROG and NOx.  The 1980 Guidelines 
did not address other air pollutants. 
 
Santa Barbara County APCD and the Bay Area 
AQMD adopted thresholds in 1985.  The South Coast 
AQMD recommended regional air quality thresholds 
in 1987 for CO, SO2, NO2, particulates, ROG, and 
lead.  Most of the other California air districts adopted 
CEQA guidance and thresholds during the 1990’s.  Air 
districts have updated their thresholds and guidelines 
several times since they were first published. 
 
Originally, most districts that established CEQA 
thresholds focused on criteria pollutants for which the 
district was nonattainment and the thresholds only 
addressed project level impacts.  Updates during the 
1990’s began to add additional air quality impacts such 
as odors, toxic air contaminants and construction.  Several air districts also developed 
thresholds for General Plans that relied on an assessment of the plan consistency with the 
district’s air quality plans.  A consistency analysis involves comparing the project’s land 
use to that of the general plan and the population and employment increase to the 
forecasts underlying the assumptions used to develop the air quality plan. 
 
Most air district thresholds for CEQA are based on the threshold for review under the 
New Source Review (NSR).  The NSR threshold level is set by district rule and is 
different depending on the nonattainment classification of the air district.  Areas with a 
less severe classification have a higher NSR trigger level while the most polluted areas 
have the lowest NSR trigger level.  Some districts, such as Ventura County APCD, have 
significantly lower CEQA thresholds that are not tied to the NSR requirements.  In 
Ventura, one set of CEQA thresholds is 25 pounds per day for all regions of Ventura 
County, except the Ojai Valley.  The second set of CEQA thresholds was set at 5 pounds 
per day for the Ojai Valley. 
 
The Sacramento Metropolitan AQMD bases its thresholds for ozone precursors on the 
projected land use share of emission reductions needed for attainment.  The emission 
reductions needed to reach attainment are based on commitments made in the state 
implementation plan (SIP) prepared for the federal clean air act. 
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CEQA Considerations in Setting Thresholds 
 
Public agencies use significance thresholds to disclose to their constituents how they 
plan on evaluating and characterizing the severity of various environmental impacts 
that could be associated with discretionary projects that they review.  Significance 
thresholds are also used to help identify the level of mitigation needed to reduce a 
potentially significant impact to a less than significant level and to determine what type 

of an environmental document should be 
prepared for a project; primarily a 
negative declaration, mitigated negative 
declaration or an environmental impact 
report. 
 
While public agencies are not required 
to develop significance thresholds, if 
they decide to develop them, they are 
required to adopt them by ordinance, 
resolution, rule or regulation through a 

public process.  A lead agency is not restrained from adopting any significance threshold 
it sees as appropriate, as long as it is based on substantial evidence.  CEQA Guidelines 
§15064.7 encourages public agencies to develop and publish significance thresholds that 
are identifiable, quantitative, qualitative or performance level that the agency uses in the 
determination of the significance of environmental effects.  The courts have ruled that a 
“threshold of significance” for a given environmental effect is simply that level at which 
the lead agency finds the effects of the project to be significant.   
 
Before an agency determines its course with regard to climate change and CEQA, it must 
be made clear that a threshold, or the absence of one, will not relieve a lead agency from 
having to prepare an EIR or legal challenges to the adequacy of an analysis leading to a 
conclusion, or lack of a conclusion, of significance under CEQA.  CEQA has generally 
favored the preparation of an EIR where there is any substantial evidence to support a fair 
argument that a significant adverse environmental impact may occur due to a proposed 
project.  This paper explores three alternative approaches to thresholds, including a no 
threshold option, a zero threshold option and a non-zero threshold option. 
 
Fair Argument Considerations 
 
Under the CEQA fair argument standard, an EIR must be prepared whenever it can be 
fairly argued, based on substantial evidence in the administrative record, that a project 
may have a significant adverse effect on the environment.  “Substantial evidence” 
comprises “enough relevant information and reasonable inferences from this information 
that a fair argument can be made to support a conclusion, even though other conclusions 
might also be reached.”  (Guidelines §15384)  This means that if factual information is 
presented to the public agency that there is a reasonable possibility the project could have 
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a significant effect on the environment, an EIR is required even if the public agency has 
information to the contrary (Guidelines §15064 (f)). 
 
The courts have held that the fair argument standard “establishes a low threshold for 
initial preparation of an EIR, which reflects a preference for resolving doubts in favor of 
environmental review.”  (Santa Teresa Citizen Action Group v. City of San Jose [2003] 
114 Cal.App.4th 689)  Although the determination of whether a fair argument exists is 
made by the public agency, that determination is subject to judicial scrutiny when 
challenged in litigation.  When the question is whether an EIR should have been 
prepared, the court will review the administrative record for factual evidence supporting a 
fair argument. 
 
The fair argument standard essentially empowers project opponents to force preparation 
of an EIR by introducing factual evidence into the record that asserts that the project may 
have a significant effect on the environment.  This evidence does not need to be 
conclusive regarding the potential significant effect.   
 
In 1998, the Resources Agency amended the State CEQA Guidelines to encourage the 
use of thresholds of significance.  Guidelines §15064 (h) provided that when a project’s 
impacts did not exceed adopted standards, the impacts were to be considered less than 
significant.  The section went on to describe the types of adopted standards that were to 
be considered thresholds.  Guidelines § 
15064.7 provided that agencies may adopt 
thresholds of significance to guide their 
determinations of significance.  Both of 
these sections were challenged when 
environmental groups sued the Resources 
Agency in 2000 over the amendments.  The 
trial court concluded that §15064.7 was 
proper, if it was applied in the context of the 
fair argument standard. 
 
At the appellate court level, §15064(h) was invalidated. 2   Establishing a presumption 
that meeting an adopted standard would avoid significant impacts was “inconsistent with 
controlling CEQA law governing the fair argument approach.”  The Court of Appeal 
explained that requiring agencies to comply with a regulatory standard “relieves the 
agency of a duty it would have under the fair argument approach to look at evidence 
beyond the regulatory standard, or in contravention of the standard, in deciding whether 
an EIR must be prepared.  Under the fair argument approach, any substantial evidence 
supporting a fair argument that a project may have a significant environmental effect 
would trigger the preparation of an EIR.”  (Communities for a Better Environment v. 
California Resources Agency [2002] 103 Cal.App.4th 98)   
 

                                                 
2 Prior §15064(h) has been removed from the State CEQA Guidelines.  Current §15064(h) discusses 
cumulative impacts. 
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In summary, CEQA law does not require a lead agency to establish significance 
thresholds for GHG.  CEQA guidelines encourage the development of thresholds, but 
the absence of an adopted threshold does not relieve the agency from the obligation to 
determine significance. 
 
Defensibility of CEQA Analyses 
 
The basic purposes of CEQA, as set out in the State CEQA Guidelines, include: (1) 
informing decision makers and the public about the significant environmental effects of 

proposed projects; (2) identifying ways to reduce or avoid those 
impacts; (3) requiring the implementation of feasible mitigation 
measures or alternatives that would reduce or avoid those impacts; and 
(4) requiring public agencies to disclose their reasons for approving 
any project that would have significant and unavoidable impacts 
(Guidelines §15002).  CEQA is enforced through civil litigation over 
procedure (i.e., did the public agency follow the correct CEQA 
procedures?) and adequacy (i.e., has the potential for impacts been 
disclosed, analyzed, and mitigated to the extent feasible?). 
 

The California Supreme Court has held that CEQA is "to be interpreted in such manner 
as to afford the fullest possible protection to the environment within the reasonable scope 
of the statutory language."  (Friends of Mammoth v. Board of Supervisors [1972] 8 
Cal.3d 247, 259)  Within that context, the role of the courts is to weigh the facts in each 
case and apply their judgment.  Although the court may rule on the adequacy of the 
CEQA work, the court is not empowered to act in the place of the public agency to 
approve or deny the project for which the CEQA document was prepared.  Further, the 
court’s review is limited to the evidence contained in the administrative record that was 
before the public agency when it acted on the project.  
 
Putting aside the issue of CEQA procedure, the defensibility of a CEQA analysis rests on 
the following concerns: 
 

• whether the public agency has sufficiently analyzed the environmental 
consequences to enable decision makers to make an intelligent decision;   

 
• whether the conclusions of the public agency are supported by substantial 

evidence in the administrative record; and  
 

• whether the agency has made a good faith effort at the full disclosure of 
significant effects.  

 
CEQA analyses need not be perfect or exhaustive -- the depth and breadth of the analysis 
is limited to what is “reasonably feasible.”  (Guidelines §15151)  At the same time, the 
analysis "must include detail sufficient to enable those who did not participate in its 
preparation to understand and to consider meaningfully the issues raised by the proposed 
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project.”  (Laurel Heights Improvement Assn. v. Regents of University of California 
(1988) 47 Cal.3d 376)  
 
By itself, establishment of a GHG threshold will not insulate individual CEQA analyses 
from challenge.  Defensibility depends upon the adequacy of the analysis prepared by the 
lead agency and the process followed.  However, the threshold can help to define the 
boundaries of what is a reasonable analysis by establishing when an analysis will be 
required and the basic scope of that analysis.  The threshold would attempt to define the 
point at which an analysis will be required and when a level of impact becomes 
significant, requiring preparation of an EIR.  If the threshold includes recommendations 
for the method or methods of analysis, it can establish the minimum level of analysis to 
address this issue.   
 
Considerations in Setting Thresholds for Stationary Source Projects 
 
In many respects, the analysis of GHG 
emissions from stationary sources is much more 
straightforward than the analysis of land use 
patterns, forecasted energy consumption, and 
emissions from mobile sources.  The reason is 
that, for the most part, the latter analyses depend 
largely on predictive models with myriad inputs 
and have a wider range of error.  Emissions 
from stationary sources involve a greater 
reliance on mass and energy balance calculations and direct measurements of emissions 
from the same or similar sources.  Energy demand is more directly tied to production, and 
even associated mobile source emissions will likely fall within narrower predictive 
windows.   
 
Implementing CEQA Without a Threshold 
 
A lead agency is not required to establish significance thresholds for GHG emissions 
from stationary sources.  The lead agency may find that it needs more information or 
experience evaluating GHG from these types of projects to determine an appropriate 
significance threshold.  As with other project types, the lead agency could conduct a 
project specific analysis to determine whether an environmental impact report is needed 
and to determine the level of mitigation that is appropriate.  The agency might also rely 
on thresholds established for criteria pollutants as a screening method, and analyze GHG 
emissions (and require mitigation) from projects with emissions above the criteria 
pollutant thresholds.  Over time, the agency could amass information and experience with 
specific project categories that would support establishing explicit thresholds. The lead 
agency may also choose to base local CEQA thresholds on state guidelines or on the 
category-specific reduction targets established by ARB in its scoping plan for 
implementing AB32.  Resource constraints and other considerations associated with 
implementing CEQA without GHG thresholds for stationary sources would be similar to 
those outlined for other types of projects (see Chapter 5 – No Threshold Option). 
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Implementing CEQA with Threshold of Zero 
 
A lead agency may find that any increase in GHG emissions is potentially significant 
under CEQA.  The resources and other considerations for implementing a threshold of 
zero for stationary sources are the same as those outlined for other types of projects 
(see Chapter 6 – Zero Threshold Option). 
 
Implementing CEQA with a Non-Zero Threshold 
 
A lead agency may identify one or more non-zero thresholds for significance of 
emissions of GHG from stationary sources.  The agency could elect to rely on existing 
thresholds for reviewing new or modified stationary sources of GHG, if the state or local 
air district has established any.  The agency could also apply the threshold(s) established 
for non-stationary sources to GHG emissions from stationary sources.  Significance 
thresholds could also be established by ordinance, rule, or policy for a given category of 
stationary sources; this approach is especially conducive to a tiered threshold approach.  
For example, the agency could establish significance and mitigation tiers for stationary 
compression-ignition diesel-fueled generators.  Under such an approach, the project 
proponent could be first required to use a lower GHG-emitting power source if feasible, 
and if not, to apply mitigation based on the size of the generator and other defined 
considerations, such as hours of operation.  Certain classes of generators could be found 
to be insignificant under CEQA (e.g., those used for emergency stand-by power only, 
with a limit on the annual hours of use).  As with non-stationary projects, the goal of 
establishing non-zero thresholds is to maximize environmental protection, while 
minimizing resources used.  Resource and other considerations outlined for non-
stationary projects are applicable here (see Chapter 7 – Non-Zero Threshold Options). 
 
Implementing CEQA with Different Thresholds for Stationary and Non-stationary 
Projects 
 
Although a lead agency may apply the same thresholds to stationary and non-stationary 
projects, it is not required to do so.  There are, in fact, some important distinctions 
between the two types of projects that could support applying different thresholds.  The 
lead agency should consider the methods used to estimate emissions.  Are the estimates a 
“best/worst reasonable scenario” or are they based on theoretical maximum operation?  
How accurate are the estimates (are they based on models, simulations, emission factors, 
source test data, manufacturer specifications, etc.)?  To what extent could emissions be 
reduced through regulations after the project is constructed if they were found to be 
greater than originally expected (i.e., is it possible to retrofit emissions control 
technology onto the source(s) of GHG at a later date, how long is the expected project 
life, etc.)?  Are there emission limits or emissions control regulations (such as New 
Source Review) that provide certainty that emissions will be mitigated?  Generally, 
stationary source emissions are based on maximum emissions (theoretical or allowed 
under law or regulation), are more accurate, and are more amenable to retrofit at a later 
time than non-stationary source emissions.  It is also more likely that category specific 
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rules or some form of NSR will apply to stationary sources than non-stationary projects.  
Notwithstanding, it is almost always more effective and cost-efficient to apply emission 
reduction technology at the design phase of a project.  There are, therefore, a number of 
considerations that need to be evaluated and weighed before establishing thresholds – and 
which may support different thresholds for stationary and non-stationary projects.  
Furthermore, the considerations may change over time as new regulations are established 
and as emissions estimation techniques and control technology evolves. 
 
Direct GHG Emissions from Stationary Sources 

 
The main focus of this paper has been the consideration of 
projects that do not, in the main, involve stationary sources of 
air pollution, because stationary source projects are generally a 
smaller percentage of the projects seen by most local land use 
agencies.  That said, some discussion of stationary sources is 
warranted.  As the broader program for regulating GHG from 
these sources is developed, the strategies for addressing them 

under CEQA will likely become more refined. 
 
The primary focus of analysis of stationary source emissions has traditionally been those 
pollutants that are directly emitted by the source, whether through a stack or as fugitive 
releases (such as leaks).  CAPCOA conducted a simplified analysis of permitting activity 
to estimate the number of stationary source projects with potentially significant emissions 
of greenhouse gases that might be seen over the course of a year.  This analysis looked 
only at stationary combustion sources (such as boilers and generators), and only 
considered direct emissions.  A lead agency under CEQA may see a different profile of 
projects than the data provided here suggest, depending on what other resources are 
affected by projects.  In addition, air districts review like-kind replacements of equipment 
to ensure the new equipment meets current standards, but such actions might not 
constitute a project for many land use agencies or other media regulators.  The data does 
provide a useful benchmark, however, for lead agencies to assess the order of magnitude 
of potential stationary source projects.  A similar analysis is included for non-stationary 
projects in Chapter 7. 
 
Table 1:  Analysis of GHG Emissions from Stationary Combustion Equipment Permits3 

 BAAQMD SMAQMD SJVUAPCD SCAQMD 

Total Applications for Year 1499 778 1535 1179 

Affected at threshold of:     

900 metric tons/year 26 43 63 108 

10,000 metric tons/year 7 5 26 8 

25,000 metric tons/year 3 1 11 4 
 
                                                 
3 District data varies based on specific local regulations and methodologies. 
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Emissions from Energy Use 
 
In addition to the direct emissions of GHG from stationary projects, CEQA will likely 
need to consider the project’s projected energy use.  This could include an analysis of 
opportunities for energy efficiency, onsite clean power generation (e.g., heat/energy 
recovery, co-generation, geothermal, solar, or wind), and the use of dedicated power 

contracts as compared to the portfolio of generally 
available power.  In some industries, water use and 
conservation may provide substantial GHG 
emissions reductions, so the CEQA analysis should 
consider alternatives that reduce water consumption 
and wastewater discharge.  The stationary project 
may also have the opportunity to use raw or 
feedstock materials that have a smaller GHG 
footprint; material substitution should be evaluated 
where information is available to do so. 
 

Emissions from Associated Mobile Sources 
 
The stationary project will also include emissions from associated mobile sources.  These 
will include three basic components: emissions from employee trips, emissions from 
delivery of raw or feedstock materials, and emissions from product 
transport.  Employee trips can be evaluated using trip estimation as 
is done for non-stationary projects, and mitigations would include 
such measures as providing access to and incentives for use of 
public transportation, accessibility for bicycle and pedestrian 
modes of transport, employer supported car or vanpools (including 
policies such as guaranteed rides home, etc).  Upstream and 
downstream emissions related to goods movement can also be 
estimated with available models.  The evaluation will need to 
determine the extent of the transport chain that should be included 
(to ensure that all emissions in the chain have been evaluated and mitigated, but to avoid 
double counting).  Mitigations could include direct actions by operators who own their 
own fleet, or could be implemented through contractual arrangements with independent 
carriers; again, the evaluation will need to consider how far up and down the chain 
mitigation is feasible and can be reasonably required. 
 
Comparing Emissions Changes Across Pollutant Categories 
 
The potential exists for certain GHG reduction measures to increase emissions of criteria 
and toxic pollutants known to cause or aggravate respiratory, cardiovascular, and other 
health problems.  For instance, GHG reduction efforts such as alternative fuels and 
methane digesters may create significant levels of increased pollutants that are 
detrimental to the health of the nearby population (e.g.; particulate matter, ozone 
precursors, toxic air contaminants).  Such considerations should be included in any 
CEQA analysis of a project’s environmental impacts.  While there are many win-win 
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strategies that can reduce both GHG and criteria/toxic pollutant emissions, when faced 
with situations that involve tradeoffs between the two, the more immediate public health 
concerns that may arise from an increase in criteria or toxic pollutant emissions should 
take precedence.  GHG emission reductions could be achieved offsite through other 
mitigation programs.   
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Introduction 
 
Under state law, it is the purview of each lead agency to determine what, if any, 
significance thresholds will be established to guide its review of projects under 
CEQA.  While the state does provide guidelines for implementing CEQA, the 
guidelines have left the decision of whether to establish thresholds (and if so, at what 
level) to individual lead agencies.  Frequently, lead agencies consult with resource-
specific agencies (such as air districts) for assistance in determining what constitutes a 
significant impact on that specific resource.   
 
With the passage of AB 32, the ARB has broad authority to regulate GHG emissions as 
necessary to meet the emission reduction goals of the statute.  This may include authority 
to establish emission reduction requirements for new land use projects, and may also 
enable them to recommend statewide thresholds for GHG under CEQA. 
 
In developing this white paper, CAPCOA recognizes that, as the GHG reduction program 
evolves over time, GHG thresholds and other policies and procedures for CEQA may 
undergo significant revision, and that uniform statewide thresholds and procedures may 
be established.  This paper is intended to serve as a resource for public agencies until 
such time that statewide guidance is established, recognizing that decisions will need to 
be made about GHG emissions from projects before such guidance is available.  This 
paper is not, however, uniform statewide guidance.  As stated before, it outlines several 
possible approaches without endorsing any one over the others. 
 
Some air districts may choose to use this paper to support their establishment of guidance 
for GHG under CEQA, including thresholds.  This paper does not, nor should it be 
construed to require a district to implement any of the approaches evaluated here.  
Decisions about whether to provide formal local guidance on CEQA for projects with 
GHG emissions, including the question of thresholds, will be made by individual district 
boards.   
 
Each of the 35 air districts operates independently and has its own set of regulations and 
programs to address the emissions from stationary, area and mobile sources, consistent 
with state and federal laws, regulations, and guidelines.  The independence of the districts 
allows specific air quality problems to be addressed on a local level.  In addition, districts 
have also established local CEQA thresholds of significance for criteria pollutants – also 
to address the specific air quality problems relative to that particular district. 
 
The overall goal of air district thresholds is to achieve and maintain health based air 
quality standards within their respective air basins and to reduce transport of emissions to 
other air basins.  In establishing recommended thresholds, air districts consider the 
existing emission inventory of criteria pollutants and the amount of emission reductions 
needed to attain and maintain ambient air quality standards.  
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However, unlike criteria pollutants where individual districts are characterized by varying 
levels of pollutant concentrations and source types, greenhouse gases (GHG) and their 
attendant climate change ramifications are a global problem and, therefore, may suggest a 
uniform approach to solutions that ensure both progress and equity.   
 
Under SB97, the Office of Planning and Research is directed to prepare, develop, and 
transmit to the Resources Agency guidelines for the feasible mitigation of GHG 
emissions or the effects of GHG emissions through CEQA by July 1, 2009.  Those 
guidelines may recommend thresholds.  As stated, this paper is intended to provide a 
common platform of information and tools to support local decision makers until such 
time that statewide guidance or requirements are promulgated. 
 
Local Ability to Promulgate District-Specific GHG Thresholds 
 
One of the primary reasons behind the creation of air districts in California is the 
recognition that some regions within the state face more critical air pollution problems 
than others and, as has often been pointed out – one size does not fit all.  For example, a 
“Serious” federal nonattainment district would need greater emission reductions than a 
district already in attainment – and, therefore, the more “serious” district would set its 
criteria pollutant CEQA thresholds of significance much lower than the air district 
already in attainment. 
 
The action of GHGs is global in nature, rather than local or regional (or even statewide or 
national).  Ultimately there may be a program that is global, or at least national in scope.  
That said, actions taken by a state, region, or local government can contribute to the 
solution of the global problem.  Local governments are not barred from developing and 
implementing programs to address GHGs.  In the context of California and CEQA, lead 
agencies have the primary responsibility and authority to determine the significance of a 
project’s impacts. 
 
Further, air districts have primary authority under state law for "control of air pollution 
from all sources, other than emissions from motor vehicles." (H&SC §40000)  The term 
air contaminant or "air pollutant" is defined extremely broadly, to mean "any discharge, 
release, or other propagation into the atmosphere" and includes, but is not limited to, 
soot, carbon, fumes, gases, particulate matter, etc. Greenhouse gases and other global 
warming pollutants such as black carbon would certainly be included in this definition, 
just as the U.S. Supreme Court held in Massachusetts v. EPA that greenhouse gases were 
air pollutants under the federal Clean Air Act. Therefore, air districts have the primary 
authority to regulate global warming pollutants from nonvehicular sources.  AB 32 does 
not change this result. Although it gives wide responsibility to CARB to regulate 
greenhouse gases from all sources, including  nonvehicular sources, it does not preempt 
the districts. AB 32 specifically states That "nothing in this division shall limit or expand 
the existing authority of any district..."(H&SC § 38594). Thus, districts and CARB retain 
concurrent authority over nonvehicular source greenhouse gas emissions. 
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Introduction 
 
The CEQA statutes do not require an air district or any lead agency to establish 
significance thresholds under CEQA for any pollutant.  While there are 
considerations that support the establishment of thresholds (which are discussed in 
other sections of this document), there is no obligation to do so. 
 
An air district or other lead agency may elect not to establish significance thresholds for a 
number of reasons.  The agency may believe that the global nature of the climate change 
problem necessitates a statewide or national framework for consideration of 
environmental impacts.  SB 97 directs OPR to develop “guidelines for the mitigation of 
greenhouse gas emissions or the effects of greenhouse gas emissions by July 1, 2009,” 
and directs the California Resources Agency to certify and adopt the guidelines by June 
30, 2010. 
 

An agency may also believe there is insufficient 
information to support selecting one specific threshold 
over another.  As described earlier, air districts have 
historically set CEQA thresholds for air pollutants in the 
context of the local clean air plan, or (in the case of toxic 
air pollutants) within the framework of a rule or policy that 
manages risks and exposures due to toxic pollutants.  
There is no current framework that would similarly 

manage impacts of greenhouse gas pollutants, although the CARB is directed to establish 
one by June 30, 2009, pursuant to AB 32.  A local agency may decide to defer any 
consideration of thresholds until this framework is in place. 
 
Finally, an agency may believe that the significance of a given project should be assessed 
on a case-by-case basis in the context of the project at the time it comes forward. 
 
Implementing CEQA Without Significance Thresholds for GHG 
 
The absence of a threshold does not in any way relieve agencies of their obligations to 
address GHG emissions from projects under CEQA.  The implications of not having a 
threshold are different depending on the role the agency has under CEQA – whether it is 
acting in an advisory capacity, as a responsible agency, or as a lead agency. 
 
Implications of No Thresholds for an Agency Acting in an Advisory Capacity 
 
Air districts typically act in an advisory capacity to local governments in establishing the 
framework for environmental review of air pollution impacts under CEQA.  This may 
include recommendations regarding significance thresholds, analytical tools to assess 
emissions and impacts, and mitigations for potentially significant impacts.  Although 
districts will also address some of these issues on a project-specific basis as responsible 
agencies, they may provide general guidance to local governments on these issues that 
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are program wide, and these are advisory (unless they have been established by 
regulation). 
 
An air district that has not established significance thresholds for GHG will not provide 
guidance to local governments on this issue.  This does not prevent the local government 
from establishing thresholds under its own authority.  One possible result of this would 
be the establishment of different thresholds by cities and counties within the air district.  
Alternatively, the air district could advise local governments not to set thresholds and 
those jurisdictions may follow the air district’s guidance. 
 
It is important to note here (as has been clearly stated by the Attorney General in 
comments and filings) that lack of a threshold does not mean lack of significance.  An 
agency may argue lack of significance for any project, but that argument would have to 
be carried forth on a case-by-case, project specific basis.  By extension then, a decision 
not to establish thresholds for GHG is likely to result in a greater workload for 
responsible and lead agencies as they consider individual projects under CEQA. 
 
Implications of No Thresholds for a Responsible Agency 
 
If there are no established thresholds of significance, the significance of each project will 
have to be determined during the course of review.  The responsible agency (e.g., the air 
district) will review each project referred by the lead agency.  The review may be 
qualitative or quantitative in nature.  A qualitative review would discuss the nature of 
GHG emissions expected and their potential effect on climate change as the district 
understands it.  It could also include a discussion of the relative merits of alternative 
scenarios.  A quantitative analysis would evaluate, to the extent possible, the expected 
GHG emissions; it would also need to evaluate their potential effect on climate change 
and might include corresponding analysis of alternatives.  The air district, as a 
responsible agency, may also identify mitigation measures for the project.   
 
The lack of established thresholds will make the determination of 
significance more resource intensive for each project.  The district 
may defer to the lead agency to make this determination, however 
the district may be obligated, as a responsible agency, to evaluate 
the analysis and determination. 
 
Implications of No Thresholds for a Lead Agency 
 
The main impact of not having significance thresholds will be on the primary evaluation 
of projects by the lead agency.  Without significance thresholds, the agency will have to 
conduct some level of analysis of every project to determine whether an environmental 
impact report is needed.  There are three fundamental approaches to the case-by-case 
analysis of significance, including presumptions of significance or insignificance, or no 
presumption: 
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1. The agency can begin with a presumption of significance and the analysis 
would be used to support a case-specific finding of no significance.  This is 
similar to establishing a threshold of zero, except that here, the “threshold” is 
rebuttable.  This approach may result in a large number of projects proceeding 
to preparation of an environmental impact report.  Because of the attendant 
costs, project proponents may challenge the determination of significance, 
although formal challenge is less likely than attempts to influence the 
determination. 

 
2. The agency can begin with a presumption of insignificance, and the analysis 

would be used to support a case-specific finding of significance.  A presumption 
of insignificance could be based on the perspective that it would be speculative to 
attempt to identify the significance of GHG emissions from a project relative to 
climate change on a global 
scale.  This approach 
might reduce the number 
of projects proceeding to 
preparation of 
environmental impact 
reports.  It is likely to have 
greater success with 
smaller projects than larger 
ones, and a presumption of 
insignificance may be 
more likely to be 
challenged by project 
opponents. 

 
3. It is not necessary for the 

lead agency to have any 
presumption either way.  
The agency could 
approach each project from 
a tabula rasa perspective, 
and have the determination 
of significance more 
broadly tied to the specific 
context of the project; this approach is likely to be resource intensive, and creates 
the greatest uncertainty for project proponents.  To the extent that it results in a 
lead agency approving similar projects based on different determinations of 
significance for GHG emissions, it may be more vulnerable to challenge from 
either proponents or opponents of the project.  Alternatively, in the absence of 
either thresholds or presumptions, the lead agency could use each determination 
of significance to build its approach in the same way that subsequent judgments 
define the law. 
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Relevant Citations 
 
The full text of relevant citations is in Appendix A. 
 
Public Resources Code – §21082.2, Significant Effect on Environment; Determination; 
Environmental Impact Report Preparation. 
 
State CEQA Guidelines – §15064, Determining the Significance of the Environmental 
Effects Caused by a Project. 
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Introduction 
 
If an air district or lead agency determines that any degree of project-related increase 
in GHG emissions would contribute considerably to climate change and therefore 
would be a significant impact, it could adopt a zero-emission threshold to identify 
projects that would need to reduce their emissions.  A lead agency may determine that a 
zero-emission threshold is justified even if other experts may disagree.  A lead agency is 
not prevented from adopting any significance threshold it sees as appropriate, as long as 
it is based on substantial evidence. 
 
If the zero threshold option is chosen, all 
projects subject to CEQA would be required 
to quantify and mitigate their GHG emissions, 
regardless of the size of the project or the 
availability of GHG reduction measures 
available to reduce the project’s emissions.  
Projects that could not meet the zero-emission 
threshold would be required to prepare 
environmental impact reports to disclose the 
unmitigable significant impact, and develop 
the justification for a statement of overriding 
consideration to be adopted by the lead 
agency. 
 
Implementing CEQA With a Zero Threshold for GHG 
 
The scientific community overwhelmingly agrees that the earth’s climate is becoming 
warmer, and that human activity is playing a role in climate change.  Unlike other 
environmental impacts, climate change is a global phenomenon in that all GHG 
emissions generated throughout the earth contribute to it.  Consequently, both large and 
small GHG generators cause the impact.  While it may be true that many GHG sources 
are individually too small to make any noticeable difference to climate change, it is also 
true that the countless small sources around the globe combine to produce a very 
substantial portion of total GHG emissions. 
 
A zero threshold approach is based on a belief that, 1) all GHG emissions contribute to 
global climate change and could be considered significant, and 2) not controlling 
emissions from smaller sources would be neglecting a major portion of the GHG 
inventory. 
 
CEQA explicitly gives lead agencies the authority to choose thresholds of significance.  
CEQA defers to lead agency discretion when choosing thresholds.  Consequently, a zero-
emission threshold has merits. 
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The CEQA review process for evaluating a project’s impact on global climate change 
under the zero threshold option would involve several components.  Air quality sections 
would be written by lead agencies to include discussions on climate change in CEQA 
documents, GHG emissions would be calculated, and a determination of significance 
would be made.  The local air districts would review and comment on the climate change 
discussions in environmental documents.  Lead agencies may then revise final EIRs to 
accommodate air district comments.  More than likely, mitigation measures will be 
specified for the project, and a mitigation monitoring program will need to be put in place 
to ensure that these measures are being implemented. 
 
Since CEQA requires mitigation to a less than significant level, it is conceivable that 
many projects subjected to a zero threshold could only be deemed less than significant 
with offsite reductions or the opportunity to purchase greenhouse gas emission reduction 
credits.  GHG emission reduction credits are becoming more readily available however 
the quality of the credits varies considerably.  High quality credits are generated by 
actions or projects that have clearly demonstrated emission reductions that are real, 
permanent, verifiable, enforceable, and not otherwise required by law or regulation.  
When the pre- or post-project emissions are not well quantified or cannot be 
independently confirmed, they are considered to be of lesser quality.  Similarly, if the 
reductions are temporary in nature, they are also considered to be poor quality.  Adoption 
of a zero threshold should consider the near-term availability and the quality of potential 
offsets. 
 
There are also environmental justice concerns about the effects of 
using offsite mitigations or emission reduction credits to offset, or 
mitigate, the impacts of a new project.  Although GHGs are 
global pollutants, some of them are emitted with co-pollutants 
that have significant near-source or regional impacts.  Any time 
that increases in emissions at a specific site will be mitigated at a 
remote location or using emission reduction credits, the agency 
evaluating the project should ensure that it does not create 
disproportionate impacts. 
 
Administrative Considerations 
 
If electing to pursue a zero threshold, an air district or lead agency should consider the 
administrative costs and the environmental review system capacity.  Some projects that 
previously would have qualified for an exemption could require further substantial 
analysis, including preparation of a Negative Declaration (ND), a Mitigated Negative 
Declaration (MND) or an EIR.  Moreover, the trade-offs between the volume of projects 
requiring review and the quality of consideration given to reviews should be considered.  
It may also be useful to consider whether meaningful mitigation can be achieved from 
smaller projects. 
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Consideration of Exemptions from CEQA 
 
A practical concern about identifying GHG emissions as a broad cumulative impact is 
whether the zero threshold option will preclude a lead agency from approving a large 
set of otherwise qualified projects utilizing a Categorical Exemption, ND, or MND.  
The results could be a substantial increase in the number of EIR’s.  This is a valid and 
challenging concern, particularly for any threshold approach that is based on a zero 
threshold for net GHG emission increases. 
 
CEQA has specified exceptions to the use of a categorical exception.  Specifically, 
CEQA Guidelines §15300.2 includes the following exceptions: 
 
“(b) Cumulative Impact.  All exemptions for these classes are inapplicable when the 
cumulative impact of successive projects of the same type in the same place, over time is 
significant.”  
 
(c) Significant Effect.  A categorical exemption shall not be used for an activity where 
there is a reasonable possibility that the activity will have a significant effect on the 
environment due to unusual circumstances.”     
 
These CEQA Guidelines sections could be argued to mean that any net increase in GHG 
emissions would preclude the use of a categorical exemption.  However, as described 
below, if the following can be shown, then the exceptions above could be argued not to 
apply: 
 
(1) Cumulative local, regional and/or state GHG emissions are being reduced or will be 
reduced by adopted, funded, and feasible measures in order to meet broader state targets. 
 
(2) Mandatory state or local GHG reduction measures would apply to the project’s 
emissions such that broader GHG reduction goals would still be met and the project 
contributions would not be cumulatively considerable. 
 
(3) Project GHG emissions are below an adopted significance threshold designed to take 
into account the cumulative nature of GHG emissions. 
 
A similar argument could be made relative to the use of a ND (provided no additional 
mitigation (beyond existing mandates) is required to control GHG emissions) and to the 
use of a MND instead of an EIR.  However, due to the “fair argument” standard, which is 
discussed in Chapter 3, caution is recommended in use of a ND or MND unless all three 
elements above can be fully supported through substantial evidence and there is no 
substantial evidence to the contrary.  Establishing a significance threshold of zero is 
likely to preclude the use of a categorical exemption. 
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Relevant Citations 
 
The full text of relevant citations is in Appendix A. 
 
Public Resources Code – §21004, Mitigating or Avoiding a Significant Effect; Powers of 
Public Agency. 
 
State CEQA Guidelines – §15064, Determining the Significance of the Environmental 
Effects Caused by a Project. 
 
State CEQA Guidelines – §15130, Discussion of Cumulative Impacts. 
 
State CEQA Guidelines – §15064.7, Thresholds of Significance. 
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Introduction 
 
A non-zero threshold could minimize the resources spent reviewing environmental 
analyses that do not result in real GHG reductions or to prevent the environmental 
review system from being overwhelmed.  The practical advantages of considering 
non-zero thresholds for GHG significance determinations can fit into the concept 
regarding whether the project’s GHG emissions represent a “considerable contribution to 
the cumulative impact” and therefore warrant analysis. 
 
Specifying a non-zero threshold could be construed as setting a de minimis value for a 
cumulative impact.  In effect, this would be indicating that there are certain GHG 
emission sources that are so small that they would not contribute substantially to the 
global GHG budget.  This could be interpreted as allowing public agencies to approve 
certain projects without requiring any mitigation of their GHG.  Any threshold 
framework should include a proper context to address the de minimis issue.  However, the 
CEQA Guidelines recognize that there may be a point where a project’s contribution, 
although above zero, would not be a considerable contribution to the cumulative impact 
and, therefore, not trigger the need for a significance determination. 
 
GHG emissions from all sources are under the purview of CARB and as such may 
eventually be “regulated” no matter how small.  Virtually all projects will result in some 
direct or indirect release of GHG.  However, a decision by CARB to regulate a class of 
sources does not necessarily mean that an individual source in that class would constitute 
a project with significant GHG impacts under CEQA.  For example, CARB has 
established criteria pollutant emission standards for automobiles, but the purchase and 
use of a single new car is not considered a project with significant impacts under CEQA.  
At the same time, it is important to note that it is likely that all meaningful sources of 
emissions, no matter how small are likely to be considered for regulation under AB 32.  It 
is expected that projects will have to achieve some level of GHG reduction to comply 
with CARB’s regulations meant to implement AB 32.  As such all projects will have to 
play a part in reducing our GHG emissions budget and no project, however small, is truly 
being considered de minimis under CARB’s regulations. 
 
This chapter evaluates a range of conceptual approaches toward developing GHG 
significance criteria.  The air districts retained the services of J&S an environmental 
consulting, firm to assist with the development of a Statute and Executive Order-based 
threshold (Approach 1) and a tiered threshold (Approach 2) based on a prescribed list of 
tasks and deliverables.  Time and financial constraints limited the scope and depth of this 
analysis, however, the work presented here may be useful in developing interim guidance 
while AB 32 is being implemented.  J&S recognized that approaches other than those 
described here could be used. 
 
As directed, J&S explored some overarching issues, such as: 
 

• what constitutes “new” emissions? 
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• how should “baseline emissions” be established? 
 
• what is cumulatively “considerable” under CEQA? 
 
• what is “business as usual” ? and  
 
• should an analysis include “life-cycle” emissions?   
 

 
The answers to these issues were key to evaluating each of the threshold concepts. 
 
 
Approach 1 – Statute and Executive Order Approach 
 
Thresholds could be grounded in existing mandates and their associated GHG emission 
reduction targets.  A project would be required to meet the targets, or reduce GHG 
emissions to the targets, to be considered less than significant. 
 
AB 32 and S-3-05 target the reduction of statewide emissions.  It should be made clear 
that AB 32 and S-3-05 do not specify that the emissions reductions should be achieved 
through uniform reduction by geographic location or by emission source characteristics.  
For example, it is conceivable, although unlikely, that AB 32 goals could be achieved by 
new regulations that only apply to urban areas or that only apply to the transportation 
and/or energy sector.  However, this approach to evaluating GHG under CEQA is based 
on the presumption that a new project must at least be consistent with AB 32 GHG 
emission reduction mandates. 
 
The goal of AB 32 and S-3-05 is the significant reduction of future GHG emissions in a 
state that is expected to rapidly grow in both population and economic output.  As such, 
there will have to be a significant reduction in the per capita GHG output for these goals 
to be met.  CEQA is generally used to slow or zero the impact of new emissions, leaving 
the reduction of existing emission sources to be addressed by other regulatory means.  
With these concepts in mind, four options were identified for statute/executive order-
based GHG significance thresholds and are described below. 
 
Threshold 1.1:  AB 32/S-3-05 Derived Uniform Percentage-Based Reduction.  AB 32 
requires the state to reduce California-wide GHG emissions to 1990 levels by 2020.  
Reducing greenhouse gas emission levels from 2020 to 1990 levels could require a 28 to 
33 percent reduction of business-as-usual GHG emissions depending on the methodology 
used to determine the future emission inventories.  The exact percent reduction may 
change slightly once CARB finalizes its 1990 and 2020 inventory estimates.  In this 
context, business-as-usual means the emissions that would have occurred in the absence 
of the mandated reductions.  The details of the business-as-usual scenario are established 
by CARB in the assumptions it uses to project what the state’s GHG emissions would 
have been in 2020, and the difference between that level and the level that existed in 
1990 constitutes the reductions that must be achieved if the mandated goals are to be met. 
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 1.1: AB32/S-3-05 
Derived Uniform 
Percentage-Based 
Reduction 

This threshold approach would require a project to meet a percent reduction target 
based on the average reductions needed from the business-as-usual emission from all 
GHG sources.  Using the 2020 target, this approach would require all discretionary 
projects to achieve a 33 percent reduction from projected business-as-usual emissions 
in order to be considered less than significant.  A more restrictive approach would 
use the 2050 targets.  S-3-05 seeks to reduce GHG emissions to 80 percent below 
1990 levels by 2050.  To reach the 2050 milestone would require an estimated 90 
percent reduction (effective immediately) of business-as-usual emissions.  Using this 
goal as the basis for a significance threshold may be more appropriate to address the 
long-term adverse impacts associated with global climate change.  Note that AB 32 and 
S-3-05 set emission inventory goals at milestone years; it is unclear how California will 
progress to these goals in non-milestone years. 

 
Threshold 1.2:  Uniform Percentage-Based (e.g.50%) Reduction for New Development.  
This threshold is based on a presumption that new development should contribute a 
greater percent reduction from business-as-usual because greater reductions can be 
achieved at lower cost from new projects than can be achieved from existing sources.  
This approach would establish that new development emit 50 percent less GHG 
emissions than business-as-usual development.  This reduction rate is greater than the 
recommended reduction rate for meeting the Threshold 1.1 2020 target (33 percent) but is 
significantly less restrictive than the Threshold 1.1 2050 target reduction rate (90 
percent).  If a 50 percent GHG reduction were achieved from new development, existing 
emissions would have to be reduced by 25 to 30 percent in order to meet the 2020 
emissions goal depending on the year used to determine the baseline inventory.  Although 
this reduction goal is reasonable for achieving the 2020 goal, it would not be possible to 

 
SOURCE: ARB 2007 
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reach the 2050 emissions target with this approach even if existing emissions were 100 
percent controlled. 
 
Threshold 1.3:  Uniform Percentage-Based Reduction by Economic Sector.  This 
threshold would use a discrete GHG reduction goal specific to the economic sector 
associated with the project.  There would be specific reduction goals for each economic 
sector, such as residential, commercial, and industrial development.  Specifying different 
reduction thresholds for each market sector allows selection of the best regulatory goal 
for each sector taking into account available control technology and costs.  This approach 
would avoid over-regulating projects (i.e. requiring emissions to be controlled in excess 
of existing technology) or under-regulating projects (i.e. discouraging the use of available 
technology to control emissions in excess of regulations).  This approach requires 
extensive information on the emission inventories and best available control technology 
for each economic sector.  This data will be compiled as CARB develops its scoping plan 
under AB 32 and its implementing regulations; as a result, this approach will be more 
viable in the long term. 
 
Threshold 1.4:  Uniform 
Percentage-Based Reduction by 
Region.  AB 32 and S-3-05 are 
written such that they apply to a 
geographic region (i.e. the entire 
state of California) rather than on 
a project or sector level.  One 
could specify regions of the state 
such as the South Coast Air 
Basin, Sacramento Valley, or 
Bay Area which are required to 
plan (plans could be developed 
by regional governments, such as 
councils of governments) and 
demonstrate compliance with 
AB 32 and S-3-05 reduction 
goals at a regional level.  To 
demonstrate that a project has 
less than significant emissions, 
one would have to show 
compliance with the appropriate 
regional GHG plan.  Effectively 
this approach allows for analysis 
of GHG emissions at a landscape 
scale smaller than the state as a 
whole.  Specifying regions in rough correlation to existing air basins or jurisdictional 
control allows for regional control of emissions and integration with regional emission 
reduction strategies for criteria and toxic air pollutants.  Although differing GHG 
reduction controls for each region are possible, it is likely that all regions would be
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required to achieve 1990 emission inventories by the year 2020 and 80 percent less 
emissions by 2050.  Threshold 1.4 is considered viable long-term significance criteria 
that is unlikely to be used in the short term. 
 
Implementing CEQA Thresholds Based on Emission Reduction Targets 
 
Characterizing Baseline and Project Emissions 
 
While the population and economy of California is expanding, all new projects can be 
considered to contribute new emissions.  Furthermore, GHG impacts are exclusively 
cumulative impacts; there are no non-cumulative GHG emission impacts from a climate 
change perspective.  “Business-as-usual” is the projection of GHG emissions at a future 
date based on current technologies and regulatory requirements in absence of other 
reductions.  For example to determine the future emissions from a power plant for 
“business-as-usual” one would multiply the projected energy throughput by the current 
emission factor for that throughput.  If adopted regulations (such as those that may be 

promulgated by CARB 
for AB 32) dictate that 
power plant emissions 
must be reduced at some 
time in the future, it is 
appropriate to consider 
these regulation 
standards as the new 
business-as-usual for a 
future date.  In effect, 
business-as-usual will 
continue to evolve as 
regulations manifest.  
Note that “business-as-
usual” defines the CEQA 
No Project conditions, 
but does not necessarily 
form the baseline under 

CEQA.  For instance, it is common to subtract the future traffic with and without a 
project to determine the future cumulative contribution of a project on traffic conditions.  
However, existing conditions at the time of issuance of the notice of preparation is 
normally the baseline.   
 
Establishing Emission Reduction Targets 
 
One of the obvious drawbacks to using a uniform percent reduction approach to GHG 
control is that it is difficult to allow for changes in the 1990 and future emission 
inventories estimates.  To determine what emission reductions are required for new 
projects one would have to know accurately the 1990 budget and efficacy of other GHG 
promulgated regulations as a function of time.  Since CARB will not outline its 
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regulation strategy for several more years, it is difficult to determine accurately what the 
new project reductions should be in the short term.  Future updates to the 1990 inventory 
could necessitate changes in thresholds that are based on that inventory.  It is important to 
note that it is difficult to create near term guidance for a uniform reduction threshold 
strategy since it would require considerable speculation regarding the implementation and 
effectiveness of forthcoming CARB regulations. 
 
Of greater importance are the assumptions used to make the projected 2020 emission 
inventories.  Projecting future inventories over the next 15-50 years involves substantial 
uncertainty.  Furthermore, there are likely to be federal climate change regulations and 
possibly additional international GHG emission treaties in the near future.  To avoid such 
speculation, this paper defines all future emission inventories as hypothetical business-as-
usual projections. 
 
This white paper is intended to support local decisions about CEQA and GHG in the near 
term.  During this period, it is unlikely that a threshold based on emission reduction 
targets would need to be changed.  However, it is possible that future inventory updates 
will show that targets developed on the current inventory were not stringent enough, or 
were more stringent than was actually needed. 
 
Approach 2 – Tiered Approach 
 
The goal of a tiered threshold is to maximize reduction predictability while minimizing 
administrative burden and costs.  This would be accomplished by prescribing feasible 
mitigation measures based on project size and type, and reserving the detailed review of 
an EIR for those projects of greater size and complexity.  This approach may require 
inclusion in a General Plan, or adoption of specific rules or ordinances in order to fully 
and effectively implement it. 
 
A tiered CEQA significance threshold could establish different levels at which to 
determine if a project would have a significant impact.  The tiers could be established 
based on the gross GHG emission estimates for a project or could be based on the 
physical size and characteristics of the project.  This approach would then prescribe a set 
of GHG mitigation strategies that would have to be incorporated into the project in order 
for the project to be considered less than significant. 
 
The framework for a tiered threshold would include the following: 
 

• disclosure of GHG emissions for all projects;  
 
• support for city/county/regional GHG emissions reduction planning;  
 
• creation and use of a “green list” to promote the construction of projects that have 

desirable GHG emission characteristics; 
 
• a list of mitigation measures; 
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• a decision tree approach to tiering; and 
 
• quantitative or qualitative thresholds. 

 
Decision-Tree Approach to Tiering 
 
CEQA guidance that allows multiple methodologies to demonstrate GHG significance 
will facilitate the determination of significance for a broad range of projects/plans that 
would otherwise be difficult to address with a single non-compound methodology.  Even 
though there could be multiple ways that a project can determine GHG significance using 
a decision-tree approach, only one methodology need be included in any single CEQA 
document prepared by the applicant.  The presence of multiple methodologies to 
determine significance is designed to promote flexibility rather than create additional 
analysis overhead.  Figure 1 shows a conceptual approach to significance determination 
using a tiered approach that shows the multiple routes to significance determination. 
 
Figure 1 Detail Description 
 
Figure 1 pictorially represents how an agency can determine a project’s or plan’s 
significance for CEQA analysis using the non-zero threshold methodology.  The 
emissions associated with a project/plan are assumed to have a significant impact  
unless one can arrive at a less-than-significant finding by at least one of the 
methodologies below. 
 
1. Demonstrate that a General Plan (GP) or Regional Plan is in Compliance with AB32 
 

• For most GPs or RPs this will require demonstration that projected 2020 
emissions will be equal to or less than 1990 emissions. 

• GPs or RPs are expected to fully document 1990 and 2020 GHG emission 
inventories. 

• Projection of 2020 emissions is complicated by the fact that CARB is expected to 
promulgate emission reductions in the short term.  Until explicit CARB 
regulations are in place, unmitigated GP 2020 emission inventories represent 
business-as-usual scenarios. 

• EIRs for GPs or RPs which demonstrate 2020 mitigated emissions are less than or 
equal to 1990 emissions are considered less than significant. 

 
2. Demonstrate the Project is Exempt Based on SB 97 
 

• As specified in SB 97, projects that are funded under November 2006 Proposition 
1B (Highway Safety, Traffic Reduction, Air Quality and Port Security Bond Act) 
and 1C (Disaster Preparedness and Flood Prevention Bond Act) may be exempt 
from analysis until January 1, 2010. 
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• An exemption can be used in an ND, MND, or EIR to support a less than 
significant finding for GHG impacts. 

 
 
3. Demonstrate that the Project is on the ‘Green List’ 
 

• This list would include projects that are deemed a positive contribution to 
California efforts to reduce GHG emissions.  If the project is of the type described 
on the Green List it is considered less than significant. 

• If the Green List entry description requires mitigation for impacts other than 
GHG, this methodology can be used in MNDs or EIRs; if the Green List entry 
does not require mitigation this methodology can be used in NDs, MNDs, or 
EIRs. 

 
4. Demonstrate a Project’s Compliance with a General Plan 
 

• If a project is consistent with an appropriate General Plan’s Greenhouse Gas 
Reduction Plan (GGRP), a project can be declared less than significant. 

• Note that at this time there are no known jurisdictions that have a GGRP that has 
been fully subject to CEQA review.  While Marin County has adopted a forward-
thinking GGRP and it is described in the most recent GP update, the associated 
EIR does not analyze the secondary environmental impacts of some of the GGRP 
measures such as tidal energy.  While one can reference GGRPs that have not 
been reviewed fully in CEQA, to attempt to show a project’s compliance with 
such a plan as evidence that the project’s GHG emission contributions are less 
than significant may not be supported by substantial evidence that cumulative 
emissions are being fully addressed in the particular jurisdiction. 

• Compliance with a CEQA-vetted GGRP can be cited as evidence for all CEQA 
documents (Categorical Exemption, ND, MND, and EIR). 

 
5. Analyze GHG Emissions and Mitigate using the Tiered Methodology 
 

• Guidance and mitigation methodology for various development projects 
(residential, commercial, industrial) are listed in the form of tiered thresholds.  If a 
project incorporates the mitigation measures specified in the tiered threshold 
tables the project is considered less than significant. 

• All project emissions are considered less than significant if they are less than the 
threshold(s). 

• If the tiered approach requires mitigation, this methodology can be used in MNDs 
or EIRs; if the tiered approach does not require mitigation this methodology can 
be used in NDs, MNDs, or EIRs. 
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The Green List 
 

• The Green List would be a list of projects and project types that are deemed a 
positive contribution to California’s efforts to reduce GHG emissions. 

• If this approach is followed, it is suggested that CARB and the Attorney General 
(AG) are consulted prior to listing a project on the Green List to ensure 
consistency with CARB AB 32 efforts and to ensure that the Green List entries 
are consistent with how the AG office interprets AB 32 and GHG CEQA 
compliance. 

• The Green List should be updated every 6 months or as major regulatory or legal 
developments unfold. 

• Projects that are on the Green List are to be considered less than significant for 
GHG emissions purposes. 

• A tentative list of potential Green List entries is presented below.  Actual Green 
List entries should be far more specific and cover a broad range of project types 
and mitigation approaches.  The list below is merely a proof-of-concept for the 
actual Green List. 

 
1. Wind farm for the generation of wind-powered electricity 
2. Extension of transit lines to currently developed but underserved communities 
3. Development of high-density infill projects with easily accessible mass transit 
4. Small hydroelectric power plants at existing facilities that generate 5 mw or 

less (as defined in Class 28 Categorical Exemption) 
5. Cogeneration plants with a capacity of 50 mw or less at existing facilities (as 

defined in Class 29 Cat Exemption) 
6. Increase in bus service or conversion to bus rapid transit service along an 

existing bus line  
7. Projects with LEED "Platinum" rating 
8. Expansion of recycling facilities within existing urban areas 
9. Recycled water projects that reduce energy consumption related to water 

supplies that services existing development 
10. Development of bicycle, pedestrian, or zero emission transportation 

infrastructure to serve existing regions 
 
There are also several options for tiering and thresholds, as shown in Table 2 below.  One 
could establish strictly numeric emissions thresholds and require mitigation to below the 
specific threshold to make a finding of less than significant.  One could establish 
narrative emissions threshold that are based on a broader context of multiple approaches 
to GHG reductions and a presumption that projects of sufficiently low GHG intensity are 
less than significant. 
 
In Concept 2A, a zero threshold would be applied to projects and thus only projects that 
result in a reduction of GHG emissions compared to baseline emissions would be less 
than significant absent mitigation.  All projects would require quantified inventories.  All 
projects that result in a net increase of GHG emissions would be required to mitigate their 
emissions to zero through direct mitigation or through fees or offsets or the impacts  
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Table 2:  Approach 2 Tiering Options 
 Concept 2A 

Zero 
Concept 2B 
Quantitative 

Concept 2C 
Qualitative 

Tier 1 Project results in a net 
reduction of GHG emissions 
 
 
 
 
 
 
 
 
Less than Significant 

Project in compliance with an 
AB 32-compliant 
General/Regional Plan, on the 
Green List, or below Tier 2 
threshold. 
 
Level 1 Reductions 
(Could include such measures 
as:  bike parking, transit stops 
for planned route, Energy Star 
roofs, Energy Star appliances, 
Title 24, water use efficiency, 
etc.)   
 
Less than Significant 

Project in compliance with an 
AB 32-compliant 
General/Regional Plan, on the 
Green List, or below Tier 2 
threshold. 
 
Level 1 Reductions 
(See measures under 2B) 
 
 
Less than Significant 

Tier 2 Project results in net increase 
of GHG emissions 
 
 
Mitigation to zero 
(including offsets) 
 
 
Mitigated to Less than 
Significant 

Above Tier 2 threshold  
 
Level 2 Mitigation 
(Could include such measures 
as:  Parking reduction beyond 
code, solar roofs, LEED Silver 
or Gold Certification, exceed 
Title 24 by 20%, TDM 
measures, etc.) 
 
Mitigated to Less than 
Significant 

Above Tier 2 threshold 
 
 
Level 2 Mitigation 
(See measures under 2B) 
 
 
 
Mitigated to Less than 
Significant 

Tier 3 Mitigation infeasible to reduce 
emissions to zero 
(e.g., cost of offsets infeasible 
for project or offsets not 
available) 
 
 
 
 
 
 
 
 
 
 
Significant and Unavoidable 

Above Tier 2 threshold With 
Level 1, 2 Mitigation 
 
Level 3 Mitigation: 
(Could include such measures 
as:  On-site renewable energy 
systems, LEED Platinum 
certification, Exceed Title 24 
by 40%, required recycled 
water use for irrigation, zero 
waste/high recycling 
requirements, mandatory transit 
passes, offsets/carbon impact 
fees)   
 
Mitigated to Less than 
Significant 

Above Tier 3 thresholds 
 
 
 
Quantify Emissions, Level 3 
Mitigation (see measures under 
2B), and Offsets for 90% of 
remainder 
 
 
 
 
 
Significance and Unavoidable 

 
would be identified as significant and unavoidable.  This could be highly problematic and 
could eliminate the ability to use categorical exemptions and negative declarations for a 
wide range of projects. 
 
In Concepts 2B and 2C, the first tier of a tiered threshold includes projects that are within 
a jurisdiction with an adopted greenhouse gas reduction plan (GGRP) and General 
Plan/Regional Plan that is consistent with AB 32 (and in line with S-3-05), or are on the 
Green List, or are below the Tier 2 threshold.  All Tier 1 projects would be required to 
implement mandatory reductions required due to other legal authority (Level 1 
reductions) such as AB 32, Title 24, or local policies and ordinances.  With Level 1 
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reduction measures, qualifying Tier 1 projects would be considered less than significant 
without being required to demonstrate mitigation to zero. 
 
In Concept 2B, the Tier 2 threshold would be quantitative, and quantified inventories 
would be required.  Several quantitative threshold options are discussed below.  A more 
comprehensive set of Level 2 mitigation would be required.  If the project’s emissions 
still exceed the Tier 2 threshold, an even more aggressive set of Level 3 mitigation 
measures would be required including offsets (when feasible) to reduce emissions below 
the Tier 2 threshold. 
 
In Concept 2C, there would be two thresholds, a lower Tier 2 threshold (the “low bar”) 
and a higher Tier 3 threshold (the “high bar”).  The Tier 2 threshold would be the 
significance threshold for the purposes of CEQA and would be qualitative in terms of 
units (number of dwelling units, square feet of commercial space, etc.) or a per capita 
ratio.  Projects above the Tier 2 threshold would be required to implement the 
comprehensive set of Level 2 mitigation.  Projects below the Tier 2 threshold would not 
be required to quantify emissions or reductions.  The Tier 3 threshold would be a 
threshold to distinguish the larger set of projects for which quantification of emissions 
would be required.  Level 3 mitigation would be required and the project would be 
required to purchase offsets (when feasible) in the amount of 90 percent of the net 
emissions after application of Level 1 reductions and Level 2 and 3 mitigation.  A variant 
on Concept 2C would be to require mandatory Level 3 mitigation without quantification 
and offsets. 
 
Approach 2 Threshold Options 
 
Seven threshold options were developed for this approach.  The set of options are framed 
to capture different levels of new development in the CEQA process and thus allow 
different levels of mitigation.  Options range from a zero first-tier threshold (Threshold 
2.1) up to a threshold for GHG that would be equivalent to the capture level (i.e., number 
of units) of the current criteria pollutant thresholds used by some air districts (Threshold 
2.4).  The decision-based implementation approach discussed above could be used for 
any of these options.  Table 3 below compares the results of each of the approaches 
discussed here. 
 
Threshold 2.1: Zero First Tier Tiered Threshold. 
 
This option would employ the decision tree concept and set the first tier cut-point at 
zero.  The second tier cut-point could be one of the qualitative or quantitative 
thresholds discussed below.  First-tier projects would be required to implement a list 
of very feasible and readily available mitigation measures. 
 
Threshold 2.2:  Quantitative Threshold Based on Market Capture  
 
A single quantitative threshold was developed in order to ensure capture of 90 percent or 
more of likely future discretionary developments.  The objective was to set the emission 
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 2.2: Quantitative 
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Market Capture 

threshold low enough to capture a substantial fraction of future residential and non-
residential development that will be constructed to accommodate future statewide 
population and job growth, while setting the emission threshold high enough to 
exclude small development projects that will contribute a relatively small fraction of 
the cumulative statewide GHG emissions. 
 
The quantitative threshold was created by using the following steps: 
 

• Reviewing data from four diverse cities (Los Angeles in southern California and 
Pleasanton, Dublin, and Livermore in northern California) on pending 
applications for development. 

 
• Determining the unit (dwelling unit or square feet) threshold that would capture 

approximately 90 percent of the residential units or office space in the pending 
application lists.  

 
• Based on the data from the four cities, the thresholds selected were 50 residential 

units and 30,000 square feet of commercial space. 
 

• The GHG emissions associated with 50 single-family residential units and 30,000 
square feet of office were estimated and were found to be 900 metric tons and 800 
metric tons, respectively.  Given the variance on individual projects, a single 
threshold of 900 metric tons was selected for residential and office projects. 

 
• A 900 metric ton threshold was also selected for non-office commercial projects 

and industrial projects to provide equivalency for different projects in other 
economic sectors. 

 
• If this threshold is preferred, it is suggested that a more robust data set be 

examined to increase the representativeness of the selected thresholds.  At a 
minimum, a diverse set of at least 20 cities and/or counties from throughout the 
state should be examined in order to support the market capture goals of this 
threshold.  Further, an investigation of market capture may need to be conducted 
for different commercial project types and for industrial projects in order to 
examine whether multiple quantitative emissions thresholds or different 
thresholds should be developed. 

 
The 900-ton threshold corresponds to 50 residential units, which corresponds to the 84th 
percentile of projects in the City of Los Angeles, the 79th percentile in the City of 
Pleasanton, the 50th percentile in the City of Livermore and the 4th percentile in the City 
of Dublin.  This is suggestive that the GHG reduction burden will fall on larger projects 
that will be a relatively small portion of overall projects within more developed central 
cities (Los Angeles) and suburban areas of slow growth (Pleasanton) but would be the 
higher portion of projects within moderately (Livermore) or more rapidly developing 
areas (Dublin).  These conclusions are suggestive but not conclusive due to the small 
sample size.  The proposed threshold would exclude the smallest proposed developments 
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from potentially burdensome requirements to quantify and mitigate GHG emissions 
under CEQA.  While this would exclude perhaps 10 percent of new residential 
development, the capture of 90 percent of new residential development would establish a 
strong basis for demonstrating that cumulative reductions are being achieved across the 
state.  It can certainly serve as an interim measure and could be revised if subsequent 
regulatory action by CARB shows that a different level or different approach altogether is 
called for. 
 
The 900-ton threshold would correspond to office projects of approximately 35,000 
square feet, retail projects of approximately 11,000 square feet, or supermarket space of 
approximately 6,300 square feet.  35,000 square feet would correspond to the 46th 
percentile of commercial projects in the City of Los Angeles, the 54th percentile in the 
City of Livermore, and the 35th percentile in the City of Dublin.  However, the 
commercial data was not separated into office, retail, supermarket or other types, and thus 
the amount of capture for different commercial project types is not known.  The proposed 
threshold would exclude smaller offices, small retail (like auto-parts stores), and small 
supermarkets (like convenience stores) from potentially burdensome requirements to 
quantify and mitigate GHG emissions under CEQA but would include many medium-
scale retail and supermarket projects. 
 
The industrial sector is less amenable to a unit-based approach given the diversity of 
projects within this sector.  One option would be to adopt a quantitative GHG emissions 
threshold (900 tons) for industrial projects equivalent to that for the 
residential/commercial thresholds described above.  Industrial emissions can result from 
both stationary and mobile sources.  CARB estimates that their suggested reporting 
threshold for stationary sources of 25,000 metric tons accounts for more than 90 percent 
of the industrial sector GHG emissions (see Threshold 2.3 for 25,000 metric ton 
discussion).  If the CARB rationale holds, then a 900 metric ton threshold would likely 
capture at least 90 percent (and likely more) of new industrial and manufacturing sources.  
If this approach is advanced, we suggest further examination of industrial project data to 
determine market capture. 
 
This threshold would require the vast majority of new development emission sources to 
quantify their GHG emissions, apportion the forecast emissions to relevant source 
categories, and develop GHG mitigation measures to reduce their emissions. 
 
Threshold 2.3:  CARB Reporting Threshold 
 
CARB has recently proposed to require mandatory reporting from cement plants, oil 
refineries, hydrogen plants, electric generating facilities and electric retail providers, 
cogeneration facilities, and stationary combustion sources emitting ≥ 25,000 MT 
CO2e/yr.  AB 32 requires CARB to adopt a regulation to require the mandatory reporting 
and verification of emissions.  CARB issued a preliminary draft version of its proposed 
reporting requirements in August 2007 and estimates that it would capture 94 percent of 
the GHG emissions associated with stationary sources. 
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This threshold would use 25,000 metric tons per year of GHG as the CEQA 
significance level.  CARB proposed to use the 25,000 metric tons/year value as a 
reporting threshold, not as a CEQA significance threshold that would be used to 
define mitigation requirements.  CARB is proposing the reporting threshold to begin 
to compile a statewide emission inventory, applicable only for a limited category of 
sources (large industrial facilities using fossil fuel combustion).   
 
A 25,000 metric ton significance threshold would correspond to the GHG emissions 
of approximately 1,400 residential units, 1 million square feet of office space, 300,000 
square feet of retail, and 175,000 square feet of supermarket space.  This threshold would 
capture far less than half of new residential or commercial development. 
 
As noted above, CARB estimates the industrial-based criteria would account for greater 
than 90 percent of GHG emissions emanating from stationary sources.  However, 
industrial and manufacturing projects can also include substantial GHG emissions from 
mobile sources that are associated with the transportation of materials and delivery of 
products.  When all transportation-related emissions are included, it is unknown what 
portion of new industrial or manufacturing projects a 25,000-ton threshold would actually 
capture. 
 
An alternative would be to use a potential threshold of 10,000 metric tons considered by 
the Market Advisory Committee for inclusion in a Greenhouse Gas Cap and Trade 
System in California.  A 10,000 metric ton significance threshold would correspond to 
the GHG emissions of approximately 550 residential units, 400,000 square feet of office 
space, 120,000 square feet of retail, and 70,000 square feet of supermarket space.  This 
threshold would capture roughly half of new residential or commercial development. 
 
Threshold 2.4:  Regulated Emissions Inventory Capture 
 
Most California air districts have developed CEQA significance thresholds for NOx and 
ROG emissions to try to reduce emissions of ozone precursors from proposed sources 
that are not subject to NSR pre-construction air quality permitting.  The historical 
management of ozone nonattainment issues in urbanized air districts is somewhat 
analogous to today’s concerns with greenhouse gas emissions in that regional ozone 
concentrations are a cumulative air quality problem caused by relatively small amounts of 
NOx and ROG emissions from thousands of individual sources, none of which emits 
enough by themselves to cause elevated ozone concentrations.  Those same conditions 
apply to global climate change where the environmental problem is caused by emissions 
from a countless number of individual sources, none of which is large enough by itself to 
cause the problem.  Because establishment of NOx/ROG emissions CEQA significance 
thresholds has been a well-tested mechanism to ensure that individual projects address 
cumulative impacts and to force individual projects to reduce emissions under CEQA, 
this threshold presumes the analogy of NOx/ROG emission thresholds could be used to 
develop similar GHG thresholds.  
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The steps to develop a GHG emission threshold based on the NOx/ROG analogy were as 
follows: 
 

• For each agency, define its NOx/ROG CEQA thresholds. 
 

• For each agency, define the regional NOx/ROG emission inventory the agency is 
trying to regulate with its NOx/ROG thresholds. 

 
• For each agency, calculate the percentage of the total emission inventory for NOx 

represented by that agency’s CEQA emission threshold.  That value represents the 
“minimum percentage of regulated inventory” for NOx. 

 
• The current (2004) California-wide GHG emission inventory is 499 million 

metric tons per year of CO2 equivalent (MMT CO2e).  Apply the typical 
“minimum percentage of regulated inventory” value to the statewide GHG 
inventory, to develop a range of analogous GHG CEQA thresholds.  

 
The preceding methodology was applied to two different air quality districts: the Bay 
Area Air Quality Management District (BAAQMD), a mostly-urbanized agency within 
which most emissions are generated from urban areas; and the San Joaquin Valley Air 
Pollution Control District (SJVAPCD), which oversees emissions emanating in part from 
rural areas that are generated at dispersed agricultural sources and area sources.  For 
example, in the Bay Area the NOx threshold is 15 tons/year.  The total NOx inventory for 
2006 was 192,000 tons/year (525 tons/day).  The threshold represents 0.008 percent of 
the total NOx inventory.  Applying that ratio to the total statewide GHG emissions 
inventory of 499 MMT CO2e (2004) yields an equivalent GHG threshold of 39,000 MMT 
CO2e. 
 
The range of analogous CEQA GHG thresholds derived from those two agencies is 
tightly clustered, ranging from 39,000 to 46,000 tons/year.  A 39,000 to 46,000 metric ton 
threshold would correspond to the GHG emissions of approximately 2,200 to 2,600 
residential units, 1.5 to 1.8 million square feet of office space, 470,000 to 560,000 square 
feet of retail, and 275,000 to 320,000 square feet of supermarket space.  This threshold 
would capture far less than half of new residential or commercial development.  
Similarly, this threshold would capture less of new industrial/manufacturing GHG 
emissions inventory than Thresholds 2.2 or 2.3. 
 
Threshold 2.5:  Unit-Based Thresholds Based on Market Capture 
 
Unit thresholds were developed for residential and commercial developments in order to 
capture approximately 90 percent of future development.  The objective was to set the 
unit thresholds low enough to capture a substantial fraction of future housing and 
commercial developments that will be constructed to accommodate future statewide 
population and job growth, while setting the unit thresholds high enough to exclude small 
development projects that will contribute a relatively small fraction of the cumulative 
statewide GHG emissions.  Sector-based thresholds were created by using the same steps 
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and data used to create Threshold 2.2- Quantitative Threshold Based on Market 
Capture above. 
 
The distribution of pending application data suggests that the GHG reduction burden 
will fall on larger projects that will be a relatively small portion of overall projects 
within more developed central cities and suburban areas of slow growth but would be 
the higher portion of projects within moderately or rapidly developing areas.  The 
proposed threshold would exclude the smallest proposed developments from 
potentially burdensome requirements to quantify and mitigate GHG emissions under 
CEQA.  While this would exclude perhaps 10 percent of new residential development, 
the capture of 90 percent of new residential development would establish a strong basis 
for demonstrating that cumulative reductions are being achieved across the state.  It can 
certainly serve as an interim measure and could be revised if subsequent regulatory action 
by CARB shows that a different level or different approach altogether is called for. 
 
A similar rationale can be applied to the development of a commercial threshold.  
Threshold 2.5 would exclude many smaller businesses from potentially burdensome 
requirements to quantify and mitigate GHG emissions under CEQA.  It should be noted 
that the GHG emissions of commercial projects vary substantially.  For example, the 
carbon dioxide emissions associated with different commercial types were estimated as 
follows: 
 

• 30,000 square-foot (SF) office = 800 metric tons/year CO2 

 

• 30,000 SF retail = 2,500 metric tons/year CO2 

 

• 30,000 SF supermarket = 4,300 metric tons/year CO2 
 
Thus, in order to assure appropriate market capture on an emissions inventory basis, it 
will be important to examine commercial project size by type, instead of in the aggregate 
(which has been done in this paper). 
 
The industrial sector is less amenable to a unit-based approach given the diversity of 
projects within this sector.  One option would be to use a quantitative threshold of 900 
tons for industrial projects in order to provide for rough equivalency between different 
sectors.  Industrial emissions can result from both stationary and mobile sources.  
However, if the CARB rationale for > 90 percent stationary source capture with a 
threshold of 25,000 metric tons holds, then a 900 metric ton threshold would likely 
capture at least 90 percent (and likely more) of new industrial sources.  Further 
examination of unit-based industrial thresholds, such as the number of employees or 
manufacturing floor space or facility size, may provide support for a unit-based threshold 
based on market capture. 
 
This threshold would require the vast majority of new development emission sources to 
quantify their GHG emissions, apportion the forecast emissions to relevant source 
categories, and develop GHG mitigation measures to reduce their emissions. 
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Threshold 2.6.  Projects of Statewide, Regional, or Areawide Significance 
 
For this threshold, a set of qualitative, tiered CEQA thresholds would be adopted based 
on the definitions of “projects with statewide, regional or areawide significance” under 
the Guidelines for California Environmental Quality Act, CCR Title 14, Division 6, 
Section 15206(b).   
 
Project sizes defined under this guideline include the following: 
 

• Proposed residential development of more than 500 dwelling units. 
 

• Proposed shopping center or business establishment employing more than 1,000 
persons or encompassing more than 500,000 square feet of floor space. 

 
• Proposed commercial office building employing more than 1,000 persons or 

encompassing more than 250,000 square feet of floor space.  
 

• Proposed hotel/motel development of more than 500 rooms. 
 

• Proposed industrial, manufacturing or processing plant or industrial park planned 
to house more than 1,000 persons, or encompassing more than 600,000 square 
feet of floor space.  

 
These thresholds would correspond to the GHG emissions of approximately 9,000 metric 
tons for residential projects, 13,000 metric tons for office projects, and 41,000 metric tons 
for retail projects.  These thresholds would capture approximately half of new residential 
development and substantially less than half of new commercial development.  It is 
unknown what portion of the new industrial or manufacturing GHG inventory would be 
captured by this approach. 
 
Threshold 2.7 Efficiency-Based Thresholds 
 
For this approach, thresholds would be based on measurements of efficiency.  For 
planning efforts, the metric could be GHG emissions per capita or per job or some 
combination thereof.  For projects, the metric could be GHG emission per housing unit or 
per square foot of commercial space.  In theory, one could also develop metrics for GHG 
emissions per dollar of gross product to measure the efficiency of the economy. 
 
This approach is attractive because it seeks to benchmark project GHG intensity against 
target levels of efficiency.  The thresholds would need to be set such that there is 
reasonably foreseeable and sufficient reductions compared to business as usual to support 
meeting AB 32 and S-3-05 goals in time (in combination with command and control 
regulations).  Because this approach would require substantial data and modeling to fully 
develop, this is a concept considered as a potential future threshold and not appropriate 
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for interim guidance in the short term.  Thus, it is not evaluated in the screening 
evaluation in the next section. 
 
 Table 3 compares the results for each of the approaches. 
 
Table 3:  Comparison of Approach 2 Tiered Threshold Options 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Threshold GHG Emission 
Threshold 
(metric tons/year) 

Future Development Captured 
by GHG Threshold 

2.1:  Zero Threshold 0 tons/year All 

2.2:  Quantitative Threshold 
Based on Market Capture 

~900 tons/year Residential development > 50  
dwelling units 
Office space > 36,000 ft2 
Retail space >11,000 ft2 
Supermarkets >6.300 ft2 
small, medium, large industrial 

2.3:  CARB GHG Mandatory 
Reporting Threshold OR 
Potential Cap and Trade Entry 
Level 

25,000 metric tons/year 
OR 
10,000 metric tons/year 

Residential development >1,400 
dwelling units OR 550 dwelling units 
Office space >1 million ft2 OR 
400,000 ft2 
Retail space >300,000 ft2  OR 120,000 
ft2 
Supermarkets >175,000 ft2  OR 70,000 
ft2 
medium/larger industrial 

2.4: Regulated Inventory 
Capture 

40,000 – 50,000 metric 
tons/year 

Residential development >2,200 to 
2,600 dwelling units 
Office space >1.5 to 1.8 million ft2 
Retail space >470,000 to 560,000 ft2 
Supermarkets >270,000 to 320,000 ft2 
medium/larger industrial 

2.5:  Unit-Based Threshold 
Based on Market Capture 

Not applicable. Residential development >50 dwelling 
units 
Commercial space >50,000 ft2 
> small, medium, large industrial 
(with GHG emissions > 900 
tonsCO2e) 

2.6: Projects of Statewide, 
Regional, or Areawide 
Significance 

Not applicable. Residential development >500 dwelling 
units 
Office space >250,000 ft2 
Retail space >500,000 ft2 
Hotels >500 units 
Industrial project >1,000 employees 
Industrial project >40 acre or 650,000 
ft2 

2.7:  Efficiency-Based 
Thresholds 

TBD tons/year/person 
TBD tons/year/unit 

Depends on the efficiency measure 
selected. 
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Implementing CEQA With Tiered Thresholds 
 
Several issues related to Approach 2 are addressed below: 
 

1. Some applications of this approach may need to be embodied in a duly approved 
General Plan, or in some other formal regulation or ordinance to be fully 
enforceable.  Because CEQA does not expressly provide that projects may be 
deemed insignificant based on implementation of a set of mitigations, this 
approach may need to be supported with specific and enforceable mechanisms 
adopted with due public process. 

2. How would this concept affect adoption of air district rules and regulations?  
Proposed air district rules and regulations may be subject to CEQA like other 
projects and plans.  Thus, if significance thresholds were adopted by an APCD or 
AQMD, then they could also apply to air district discretionary actions.  If GHG 
emissions would be increased by a rule or regulation for another regulated 
pollutant, that would be a potential issue for review under CEQA. 

 
3. Mitigation measures may not be all-inclusive; better measures now or new future 

technology would make these measures obsolete.  The mandatory mitigation 
measures could be periodically updated to reflect current technology, feasibility, 
and efficiency. 

 
4. Total reduction may not be quantified or difficult to quantify.  CEQA only 

requires the adoption of feasible mitigation and thus the reduction effectiveness of 
required mitigation should not be in question.  However, the precise reduction 
effectiveness may indeed be difficult to identify.  As described above, if a 
quantitative threshold is selected as the measure of how much mitigation is 
mandated, then best available evidence will need to be used to estimate resultant 
GHG emissions with mitigation adoption.  If a qualitative threshold is selected, 
then it may not be necessary to quantify reductions. 

 
5. Difficult to measure progress toward legislative program goals.  One could 

require reporting of project inventories to the Climate Action Registry, air district, 
or regional council of governments, or other suitable body.  Collection of such 
data would allow estimates of the GHG intensity of new development over time, 
which could be used by CARB to monitor progress toward AB 32 goals. 

 
6. Measures may have adverse impacts on other programs.  The identification of 

mandatory mitigation will need to consider secondary environmental impacts, 
including those to air quality.  

 
7. Consideration of life-cycle emissions.  In many cases, only direct and indirect 

emissions may be addressed, rather than life-cycle emissions.  A project applicant 
has traditionally been expected to only address emissions that are closely related 
and within the capacity of the project to control and/or influence.  The long chain 
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8. of economic production resulting in materials manufacture, for example, 
involves numerous parties, each of which in turn is responsible for the GHG 
emissions associated with their particular activity.  However, there are 
situations where a lead agency could reasonably determine that a larger set of 
upstream and downstream emissions should be considered because they are 
being caused by the project and feasible alternatives and mitigation measures 
may exist to lessen this impact. 

 
Approach 2 Tiered Threshold with Mandatory Mitigation  
 
As shown in Table 2, due to the cumulative nature of GHG emissions and climate change 
impacts, there could be a level of mandatory reductions and/or mitigation for all projects 
integrated into a tiered threshold approach.  In order to meet AB 32 mandates by 2020 
and S-3-05 goals, there will need to be adoption of GHG reduction measures across a 
large portion of the existing economy and new development.  As such, in an effort to 
support a determination under CEQA that a project has a less than considerable 
contribution to significant cumulative GHG emissions, mitigation could be required on a 
progressively more comprehensive basis depending on the level of emissions. 
 

• Level 1 Reductions – These reduction measures would apply to all projects and 
would only consist of AB 32 and other local/state mandates.  They would be 
applied to a project from other legal authority (not CEQA).  Level 1 reductions 
could include such measures as bike parking, transit stops for planned routes, 
Energy Star roofs, Energy Star appliances, Title 24 compliance, water use 
efficiency, and other measures.  All measures would have to be mandated by 
CARB or local regulations and ordinances.   

 
• Level 2 Mitigation – Projects that exceed the determined threshold would be 

required to first implement readily available technologies and methodologies with 
widespread availability.  Level 2 Mitigation could include such measures as:  
parking reduction below code minimum levels, solar roofs, LEED Silver or Gold 
Certification, exceed Title 24 building standards by 20 percent, Traffic Demand 
Management (TDM) measures, and other requirements. 

 
• Level 3 Mitigation - If necessary to reduce emissions to the thresholds, more 

extensive mitigation measures that represent the top tier of feasible efficiency 
design would also be required.  Level 3 Mitigation could include such measures 
as:  on-site renewable energy systems, LEED Platinum certification, exceed Title 
24 building requirements by 40 percent, required recycled water use for 
irrigation, zero waste/high recycling requirements, mandatory transit pass 
provision, and other measures.   

 
• Offset Mitigation – If, after adoption of all feasible on-site mitigation, the project 

is still found to exceed a Tier 2 quantitative threshold, or exceed a Tier 3 
qualitative threshold, or if a project cannot feasibly implement the mandatory on-
site mitigation, then purchases of offsets could be used for mitigation.  In the case 
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of a quantitative threshold, the amount of purchase would be to offset below the 
Tier 2 significance threshold.  In the case of a qualitative threshold, the amount of 
purchase could be to offset GHG emissions overall to below the lowest 
equivalent GHG emissions among the Tier 2 qualitative thresholds.  With 
Threshold 2.5, this would be approximately 900 tons of GHG emissions 
(corresponding to 50 residential units).  With Threshold 2.6, this would be 
approximately 9,000 tons (corresponding to 500 residential units).  Alternatively, 
one could require purchase of offsets in the amount of a set percentage (such as 
90% or 50% for example) of the residual GHG emissions (after other mitigation).  
As discussed earlier, any decision to include or require the use of emission 
reduction credits (or offsets) must consider issues of availability, quality, and 
environmental justice. 

 
Substantial Evidence Supporting Different Thresholds 
 
If a project can be shown by substantial evidence not to increase GHG emissions relative 
to baseline emissions, then no fair argument will be available that the project contributes 
considerably to a significant cumulative climate change impact. 
 
It is more challenging to show that a project that increases GHG emissions above 
baseline emissions does not contribute considerably to a significant cumulative climate 
change impact.  It is critical therefore, to establish an appropriate cumulative context, in 
which, although an individual project may increase GHG emissions, broader efforts will 
result in net GHG reductions.   
 
Approach 1-based thresholds that by default will require an equal level of GHG 
reductions from the existing economy (Thresholds 1.1, 1.3, and 1.4) may be less 
supportable in the short run (especially before 2012) than Approach 1.2 (which requires 
new development to be relatively more efficient than a retrofitted existing economy).  
This is because, prior to 2012, there will only be limited mandatory regulations 
implementing AB 32 that could address the existing economy in a truly systematic way 
that can be relied upon to demonstrate that overall GHG reduction goals can be achieved 
by 2020.  Approach 1.2 will still rely on substantial reductions in the existing economy 
but to a lesser degree. 
 
Approach 1-based thresholds that would spread the mitigation burden across a sector 
(Threshold 1.3) or across a region (Threshold 1.4) will allow for tradeoffs between 
projects or even between municipalities.  In order to demonstrate that a sector or a region 
is achieving net reductions overall, there would need to be feasible, funded, and 
mandatory requirements in place promoting an overall reduction scheme, in order for a 
project to result in nominal net increased GHG emissions. 
 
Approach 2-based thresholds that capture larger portions of the new development GHG 
inventory (Thresholds 2.2 and 2.5) would promote growth that results in a smaller 
increase in GHG emissions; they may therefore be more supportable than thresholds that 
do not and that have a greater reliance on reductions in the existing economy (Thresholds 
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2.3, 2.4, and 2.6), especially in the next three to five years.  With an established 
cumulative context that demonstrates overall net reductions, all threshold approaches 
could be effective in ensuring growth and development that significantly mitigates 
GHG emissions growth in a manner that will allow the CARB to achieve the 
emission reductions necessary to meet AB 32 targets.  In that respect, all of these 
thresholds are supported by substantial evidence. 
 
Evaluation of Non-Zero Threshold Options 
 
Overarching issues concerning threshold development are reviewed below.  Where 
appropriate, different features or application of the two conceptual approaches and the 
various options for thresholds under each conceptual approach described above are 
analyzed.  The screening evaluation is summarized in Tables 4 (Approach 1) and 5 
(Approach 2).  The summary tables rate each threshold for the issues discussed below 
based on the level of confidence (low, medium or high) ascribed by J&S.  The confidence 
levels  relate  to whether a threshold could achieve a particular attribute, such as emission 
reduction effectiveness.  For example, a low emission reduction effectiveness rating 
means the threshold is not expected to capture a relatively large portion of the new 
development inventory. 
  
As described above, Threshold 2.7 is not included in this evaluation because the data to 
develop an efficiency-based threshold has not been reviewed at this time and because this 
threshold is not considered feasible as an interim approach until more detailed inventory 
information is available across the California economy. 
 
What is the GHG Emissions Effectiveness of Different Thresholds? 
 
Effectiveness was evaluated in terms of whether a threshold would capture a large 
portion of the GHG emissions inventory and thus require mitigation under CEQA to 
control such emissions within the larger framework of AB 32.  In addition, effectiveness 
was also evaluated in terms of whether a threshold would require relatively more or less 
GHG emissions reductions from the existing economy verses new development.  This is 
presumptive that gains from the existing economy (through retrofits, etc.) will be more 
difficult and inefficient relative to requirements for new development. 
 
Approach 1-based thresholds that require equivalent reductions relative to business-as-
usual (Thresholds 1.1, 1.3, and 1.4) for both the existing and new economy will be less 
effective than thresholds that support lower-GHG intensity new development (Approach 
1.2).  However, since Approach 1-based thresholds do not establish a quantitative 
threshold below which projects do not have to mitigate, the market capture for new 
development is complete. 
 
Approach 2-based thresholds can be more or less effective at capturing substantial 
portions of the GHG inventory associated with new development depending on where the 
quantitative or qualitative thresholds are set.  Lower thresholds will capture a broader 
range of projects and result in greater mitigation.  Based on the review of project data for 
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the select municipalities described in the Approach 2 section above, thresholds based on 
the CARB Reporting Threshold/Cap and Trade Entry Level (Threshold 2.4) or CEQA 
definitions of “Statewide, Regional or Areawide” projects (Threshold 2.6) will result in a 
limited capture of the GHG inventory.  Lower quantitative or qualitative thresholds 
(Thresholds 2.1, 2.2 and 2.5) could result in capture of greater than 90 percent of new 
development.   
 
Are the Different Thresholds Consistent with AB 32 and S-3-05? 
 
Thresholds that require reductions compared to business-as-usual for all projects or for a 
large portion of new development would be consistent with regulatory mandates.  In 
time, the required reductions will need to be adjusted from 2020 (AB 32) to 2050 (S-3-
05) horizons, but conceptually broad identification of significance for projects would be 
consistent with both of these mandates.  Thresholds that exclude a substantial portion of 
new development would likely not be consistent, unless it could be shown that other 
more effective means of GHG reductions have already been, or will be adopted, within a 
defined timeframe. 
 
All Approach 1-based thresholds would be consistent with AB 32 and S-3-05 if it can be 
demonstrated that other regulations and programs are effective in achieving the necessary 
GHG reduction from the existing economy to meet the overall state goals. 
 
Approach 2-based thresholds that include substantive parts of the new development GHG 
inventory (Thresholds 2.1, 2.2 and 2.5) will be more consistent with AB 32 and S-3-05 
than those that do not (Thresholds 2.3, 2.4, and 2.6) unless it can be demonstrated that 
other regulations and programs are effective in achieving the necessary GHG reduction 
from the existing economy to meet the overall state goals. 
 
What are the Uncertainties Associated with Different Thresholds? 
 
All thresholds have medium to high uncertainties associated with them due to the 
uncertainty associated with the effectiveness of AB 32 implementation overall, the new 
character of GHG reduction strategies on a project basis, the immaturity of GHG 
reduction technologies or infrastructure (such as widespread biodiesel availability), and 
the uncertainty of GHG reduction effectiveness of certain technologies (such as scientific 
debate concerning the relative lifecycle GHG emissions of certain biofuels, for example). 
 
In general, Approach 1-based thresholds have higher uncertainties than Approach 2 
thresholds because they rely on a constantly changing definition of business-as-usual.  
Threshold 1.2, with its relatively smaller reliance on the existing economy for GHG 
reductions has relatively less uncertainty than other Approach 1 thresholds.  Thresholds 
that spread mitigation more broadly (Thresholds 1.3 and 1.4) have less uncertainty by 
avoiding the need for every project to mitigate equally. 
 
Approach 2 thresholds with lower quantitative (2.1 and 2.2) or qualitative (2.5) 
thresholds will have uncertainties associated with the ability to achieve GHG reductions 
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from small to medium projects.  Approach 2 thresholds with higher quantitative (2.3, 
2.4) or qualitative (2.6) thresholds will have uncertainties associated with the ability 
to achieve relatively larger GHG reductions from the existing economy. 
 
What are Other Advantages/Disadvantages of the Different Thresholds? 
 
Thresholds with a single project metric (Thresholds 1.1, 1.2, 2.1, 2.2, 2.3, 2.4, 2.5, 
and 2.6) will be easier to apply to individual projects and more easily understood by 
project applicants and lead agencies broadly.  Thresholds that spread mitigation across 
sectors (1.3) or regions (1.4), while simple in concept, will require adoption of more 
complicated cross-jurisdictional reduction plans or evaluation of broad sector-based 
trends in GHG intensity reduction over time.  Approach 1 options would require all 
projects to quantify emissions in order to determine needed reductions relative to 
business-as-usual (which will change over time as described above).  Concepts that are 
unit-based (Threshold 2.5 and 2.6) will not result in thresholds that have equal amount of 
GHG emissions, and thus equity issues may arise. 
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Table 4: Non-Zero Threshold Evaluation Matrix  – Approach 1
Approach 1 1.1 1.2 1.3 1.4 

  
28% - 33% Reduction from BAU by 
2020 by Project 

50% Reduction from BAU by 2020 by 
Project 

28% - 33% Reduction by 2020 by 
Sector 

28% - 33% Reduction by 2020 by 
Region 

GHG Emissions 
Reduction Effectiveness 

Low - Captures all new projects but 
relies on a high level of reductions from 
the existing economy. 

Medium - Captures all new projects and 
has a more realistic level of reductions 
from the existing economy. 

Low - Captures all new projects but 
relies on a high level of reductions from 
the existing economy. 

Low - Captures all new projects but 
relies on a high level of reductions from 
the existing economy. 

Economic Feasibility 

Low - Some projects will not be able to 
afford this level of reduction without 
effective market-based mechanisms like 
offsets. 

Low - Some projects will not be able to 
afford this level of reduction without 
effective market-based mechanisms like 
offsets. 

Medium - Sectors as a whole will be 
better able to achieve reductions than 
individual projects. 

Low - Some regions and newly 
developed areas may not be able to 
afford this level of reduction without 
effective market-based mechanisms like 
offsets. 

Technical Feasibility 

Medium - Some projects will not be able 
to achieve this level of reduction without 
effective market-based mechanisms like 
offsets 

Low - Relatively larger set of  projects 
will not be able to achieve this level of 
reduction without effective market-based 
mechanisms like offsets 

High - Some projects will not be able to 
achieve this level of reduction without 
effective market-based mechanisms like 
offsets 

Medium - Some regions and newly 
developed areas may not be able to 
afford this level of reduction without 
effective market-based mechanisms like 
offsets. 

Logistical Feasibility 

Low - Absent broader reductions 
strategies, each project may reinvent the 
wheel each time to achieve mandated 
reductions. 

Low - Absent broader reductions 
strategies, each project may reinvent the 
wheel each time to achieve mandated 
reductions. 

Low - Absent broader reductions 
strategies, each project may reinvent the 
wheel each time to achieve mandated 
reductions. 

Low - Absent broader reductions 
strategies, each project may reinvent the 
wheel each time to achieve mandated 
reductions. 

Consistency with AB-32 
and S-03-05 

Medium - Would require heavy reliance 
on command and control gains. 

High Medium-High - Would rely on 
command and control gains, but would 
allow sectoral flexibility. 

Medium-High - Would rely on 
command and control gains, but would 
allow regional flexibility. 

Cost Effectiveness 

Low - Will require all types of projects 
to reduce the same regardless of the 
cost/ton of GHG reductions. 

Low - Will require all types of projects 
to reduce the same regardless of the 
cost/ton of GHG reductions. 

Low/Medium - Allows tradeoffs within 
sector between high and low cost 
reduction possibilities but not between 
sectors. 

Low/Medium - Allows tradeoffs within 
region between high and low cost 
reduction possibilities, but not between 
regions. 

Uncertainties 

High - BAU changes over time. 
Ability to reduce GHG emissions from 
existing economy will take years to 
demonstrate. 
Ability to limit GHG emissions from 
other new development will take years to 
demonstrate. 

Medium/High - BAU changes over 
time.  Ability to limit GHG emissions 
from other new development will take 
years to demonstrate. 

High - BAU changes over time. 
Ability to reduce GHG emissions from 
existing economy will take years to 
demonstrate. 
Ability to limit GHG emissions from 
other new development will take years to 
demonstrate. 

High - BAU changes over time. 
Ability to reduce GHG emissions from 
existing economy will take years to 
demonstrate. 
Ability to limit GHG emissions from 
other new development will take years to 
demonstrate. 

Other Advantages Simple/easy to explain. Simple/easy to explain. Spreads mitigation broadly Spreads mitigation broadly 

Other Disadvantages Requires all projects to quantify 
emissions. 

Requires all projects to quantify 
emissions. 

Requires all projects to quantify 
emissions. 

Requires all projects to quantify 
emissions. 
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Table 5: Non-Zero Threshold Evaluation Matrix  – Approach 2 
Approach 2 2.1 2.2 2.3 2.4 2.5 2.6 

  

Zero Threshold Quantitative 
(900 tons)  

Quantitative 
CARB Reporting 
Threshold/Cap and Trade 
(25,000 tons/ 10,000 tons) 

Quantitative  
Regulated Inventory 
Capture  
(~40,000 - 50,000 tons) 

Qualitative 
Unit-Based Thresholds 

Statewide, Regional or 
Areawide 
(CEQA Guidelines 
15206(b)). 

GHG Emissions 
Reduction 
Effectiveness 

High - Captures all 
sources. 

High - Market capture at 
>90%.  Captures diverse 
sources. 

Medium - Moderate 
market capture. 

Low - Low market 
capture. 

High - Market capture at 
~90%. Captures diverse 
sources;  excl. smallest proj. 

Medium - Moderate 
market capture. Excludes 
small and med. projects. 

Economic 
Feasibility 

Low - Early phases will 
be substantial change in 
BAU, esp. for smaller 
projects; may be 
infeasible to mitigate. 

Medium - Early phases 
will be substantial change 
in BAU, esp. for smaller 
projects; may be 
infeasible to mitigate. 

High - Large projects 
have greater ability to 
absorb cost. 

High - Large projects 
have greater ability to 
absorb cost. 

Medium - Early phases will 
be substantial change in 
BAU, esp. for smaller 
projects; may be infeasible 
to mitigate. 

High - Large projects 
have greater ability to 
absorb cost. 

Technical 
Feasibility 

Low - Early phases will 
be substantial change in 
BAU, esp. for smaller 
projects; may be 
infeasible to mitigate. 

Medium - Early phases 
will be substantial change 
in BAU, esp. for smaller 
projects;  may be 
inefficient to mitigate. 

High - Greater 
opportunities for multiple 
reduction approaches. 

High - Greater 
opportunities for multiple 
reduction approaches. 

Medium - Early phases will 
be substantial change in 
BAU, particularly for 
smaller projects may be 
inefficient to mitigate. 

High - Greater 
opportunities for multiple 
reduction approaches. 

Logistical 
Feasibility 

Low - Unless fee or offset 
basis,very difficult to 
mitigate all projects. 

Medium - BMPs broadly 
written to allow diversity; 
new req. will take time to 
integrate into new dev. 

High - Less mitigation. High - Less mitigation. Medium - BMPs broadly 
written to allow diversity; 
new req. will take time to 
integrate into new dev. 

High - Less mitigation. 

Consistency with 
AB-32 and S-03-05 

High - Market capture. High - Market capture at 
>90%. 

Low - Would rely on 
command and control 
success heavily. 

Low - Would rely on 
command and control 
success heavily. 

Medium - Need to 
demonstrate adequate 
market capture over time. 

Low - Would rely on 
command and control 
success heavily. 

Cost Effectiveness 

Low - Will result in 
inefficient mitigation 
approaches.  Efficiency 
will improve in time. 

Medium - Emphasis is on 
new dev., req. for 
mitigation will result in 
inefficient mitigation 
approaches in early 
phases.  Efficiency will 
improve in time. 

Medium - Relies on 
command and control 
reductions for existing 
economy more heavily.  
With focus on larger 
projects, eff. of mitigation 
for new dev. high. 

Medium - Relies on 
command and control 
reductions for existing 
economy more heavily.  
With focus on larger 
projects, eff. of mitigation 
for new dev. high. 

Medium - Emphasis is on 
new dev.; req. for 
mitigation will result in 
inefficient mitigation 
approaches in early phases.  
Efficiency will improve in 
time. 

Medium - Relies on 
command and control 
reductions for existing 
economy more heavily.  
With focus on larger 
projects, eff. of mitigation 
for new dev. high. 

Uncertainties 

High - Time to adapt for 
res. and comm.. sectors. 
Ability to mitigate 
without market-based 
mechanism for smaller 
projects unlikely. 

Medium/High - Time to 
adapt for res. and comm.. 
sectors. Ability to 
mitigate without market-
based mechanism for 
smaller projects uncertain. 

High - Gains from 
command and control 
likely longer to be 
realized. 

High - Gains from 
command and control 
likely longer to be 
realized. 

Medium/High - Time to 
adapt for res. and comm.. 
sectors. Ability to mitigate 
without market-based 
mechanism for smaller 
projects uncertain. 

High - Gains from 
command and control 
likely longer to be 
realized. 

Other Advantages 

Single threshold. Single threshold. 
BMPs can be updated. 
Greenlist can be updated. 

Single threshold. Does not 
change CEQA processing 
for most projects. CARB 
inventory = project inv.. 
All projects treated same. 

Single threshold.  
Does not change CEQA 
processing for most 
projects. Follows 
established SIP practice. 

BMPs can be updated. 
Greenlist can be updated. 
Unit-Based thresholds can 
be updated. 

Existing guideline. 
Does not change CEQA 
processing for most 
projects. Endorsed by Cal. 
Chapter of the APA. 

Other 
Disadvantages 

Requires all projects to 
quantify emissions. 

Requires nearly all 
projects to quantify 
emissions. 

    Sectoral projects have 
different GHG emis. Only 
largest projects to quantify 
emis. 

Sectoral projects have 
different GHG emissions. 

486 of 900

486 of 900



 
 
 

58 

CEQA 
and 

Climate Change 

487 of 900

487 of 900



 
Chapter 8: Analytical Methodologies for GHG 

59 

CEQA
and

Climate Change

 Chapter 8  
 

   Analytical  
   Methodologies
   For GHG 

 
Introduction 
 
This chapter evaluates the availability of various analytical methods and modeling 
tools that can be applied to estimate the greenhouse gas emissions from different 
project types subject to CEQA.  This chapter will also provide comments on the 
suitability of the methods and tools to accurately characterize a projects emissions and 
offer recommendations for the most favorable methodologies and tools available.  Some 
sample projects will be run through the methodologies and modeling tools to demonstrate 
what a typical GHG analysis might look like for a lead agency to meet its CEQA 
obligations.  The air districts retained the services of EDAW environmental consultants 
to assist with this effort.   
 
Methodologies/Modeling Tools 
 
There are wide varieties of discretionary projects that fall under the purview of CEQA.  
Projects can range from simple residential developments to complex expansions of 
petroleum refineries to land use or transportation planning documents.  It is more 
probably than not, that a number of different methodologies would be required by any 
one project to estimate its direct and indirect GHG emissions.  Table 10 contains a 
summary of numerous modeling tools that can be used to estimate GHG emissions 
associated with various emission sources for numerous types of project’s subject to 
CEQA.  The table also contains information about the models availability for public use, 
applicability, scope, data requirements and its advantages and disadvantages for 
estimating GHG emissions.   
 
In general, there is currently not one model that is capable of estimating all of a project’s 
direct and indirect GHG emissions.  However, one of the models identified in Table 9 
would probably be the most consistently used model to estimate a projects direct GHG 
emissions based on the majority of projects reviewed in the CEQA process.  The Urban 
Emissions Model (URBEMIS) is designed to model emissions associated with 
development of urban land uses.  URBEMIS attempts to summarize criteria air pollutants 
and CO2 emissions that would occur during construction and operation of new 
development.  URBEMIS is publicly available and already widely used by CEQA 
practitioners and air districts to evaluate criteria air pollutants emissions against air 
district-adopted significance thresholds.  URBEMIS is developed and approved for 
statewide use by CARB.  The administrative reasons for using URBEMIS are less 
important than the fact that this model would ensure consistency statewide in how CO2 
emissions are modeled and reported from various project types.   
 
One of the shortfalls of URBEMIS is that the model does not contain emission factors for 
GHGs other than CO2, except for methane (CH4) from mobile-sources, which is 
converted to CO2e.  This may not be a major problem since CO2 is the most important 
GHG from land development projects.  Although the other GHGs have a higher global 
warming potential, a metric used to normalize other GHGs to CO2e, they are emitted in 
far fewer quantities.  URBEMIS does not calculate other GHG emissions associated with 
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off-site waste disposal, wastewater treatment, emissions associated with goods and 
services consumed by the residents and workers supported by a project.  Nor does 
URBEMIS calculate GHGs associated with consumption of energy produced off-site.  
(For that matter, URBEMIS does not report criteria air pollutant emissions from these 
sources either).   
 
Importantly, URBEMIS does not fully account for interaction between land uses in its 
estimation of mobile source operational emissions.  Vehicle trip rates are defaults derived 
from the Institute of Transportation Engineers trip generation manuals.  The trip rates are 
widely used and are generally considered worst-case or conservative.  URBEMIS does 
not reflect “internalization” of trips between land uses, or in other words, the concept that 
a residential trip and a commercial trip are quite possibly the same trip, and, thus, 
URBEMIS counts the trips separately.  There are some internal correction settings that 
the modeler can select in URBEMIS to correct for “double counting”; however, a project-
specific “double-counting correction” is often not available.  URBEMIS does allow the 
user to overwrite the default trip rates and characteristics with more project-specific data 
from a traffic study prepared for a project. 
 
Residential, Commercial, Mixed-Use Type Projects/ Specific Plans 
 
Direct Emissions 
 
URBEMIS can be used to conduct a project-specific model run and obtain CO2e 
emissions for area and mobile sources from the project, and convert to metric tons CO2e.  
When a project-specific traffic study is not available, the user should consult with their 
local air district for guidance.  Many air district staff are experienced practitioners of 
URBEMIS and can advise the lead agency or the modeler on how to best tailor 
URBEMIS default input parameters to conduct a project-specific model run.  When a 
traffic study has been prepared for the project, the user must overwrite default trip length 
and trip rates in URBEMIS to match the total number of trips and vehicle miles traveled 
(VMT) contained in the traffic study to successfully conduct a project-specific model run.  
URBEMIS is recommended as a calculation tool to combine the transportation study (if 
available) and EMFAC emission factors for mobile-sources.  Use of a project-specific 
traffic study gets around the main shortfall of URBEMIS: the lack of trip internalization.  
URBEMIS also provides the added feature of quantifying direct area-source GHG 
emissions.  
 
Important steps for running URBEMIS 
 

1. Without a traffic study prepared for the project, the user should consult with the 
local air district for direction on which default options should be used in the 
modeling exercise.  Some air districts have recommendations in the CEQA 
guidelines. 

 
2. If a traffic study was prepared specifically for the project, the following  

information must be provided: 

489 of 900

489 of 900



 
 

61 

CEQA
and

Climate Change

Chapter 8  
 

  Analytical  
  Methodologies 
  For GHG 

a. Total number of average daily vehicle trips or trip-generation rates by 
land use type per number of units; and, 

b. Average VMT per residential and nonresidential trip. 

c. The user overwrites the “Trip Rate (per day)” fields for each land use in 
URBEMIS such that the resultant “Total Trips” and the “Total VMT” 
match the number of total trips and total VMT contained in the traffic 
study. 

d. Overwrite “Trip Length” fields for residential and nonresidential trips in 
UBEMIS with the project-specific lengths obtained form the traffic study.  

3. Calculate results and obtain the CO2 emissions from the URBEMIS output file 
(units of tons per year [TPY]). 

Indirect Emissions 
 
URBEMIS does estimate indirect emissions from landscape maintenance equipment, hot 
water heaters, etc.  URBEMIS does not however, provide modeled emissions from 
indirect sources of emissions, such as those emissions that would occur off-site at utility 
providers associated with the project’s energy demands.  The California Climate Action 
Registry (CCAR) Protocol v.2.2 includes methodology, which could be used to quantify 
and disclose a project’s increase in indirect GHG emissions from energy use.  Some 
assumptions must be made for electrical demand per household or per square foot of 
commercial space, and would vary based on size, orientation, and various attributes of a 
given structure.  An average rate of electrical consumption for residential uses is 7,000 
kilowatt hours per year per household and 16,750 kilowatt hours per thousand square feet 
of commercial floor space.  Commercial floor space includes offices, retail uses, 
warehouses, and schools.  These values have been increasing steadily over the last 20 
years.  Energy consumption from residential uses has increased due to factors such as 
construction and occupation of larger homes, prices of electricity and natural gas, and 
increased personal income allowing residents to purchase more electronic appliances.  
Commercial energy consumption is linked to factors such as vacancy rates, population, 
and sales.  
 
The modeler will look up the estimated energy consumption for the project’s proposed 
land uses under year of project buildout, or use the values given in the previous paragraph 
for a general estimate.  The CCAR Protocol contains emission factors for CO2, CH4, and 
nitrous oxide.  The “CALI” region grid serves most of the State of California.  If a user 
has information about a specific utility provider’s contribution from renewable sources, 
the protocol contains methodology to reflect that, rather than relying on the statewide 
average grid.  The incremental increase in energy production associated with project 
operation should be accounted for in the project’s total GHG emissions for inclusion in 
the environmental document.   
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The incremental increase in energy production associated with project operation should 
be accounted for in the project’s total GHG emissions, but it should be noted that these 
emissions would be closely controlled by stationary-source control-based regulations and 
additional regulations are expected under AB 32.  However, in the interest of disclosing 
project-generated GHG emissions and mitigating to the extent feasible, the indirect 
emissions from off-site electricity generation can be easily calculated for inclusion in the 
environmental document. 
 
Example Project Estimates for GHG Emissions 
 
Residential Project 
 
Project Attributes: 
 

• 68 detached dwelling units 
• 15.9 acres 
• 179 residents 
• 0 jobs 
• Located in unincorporated Placer County (PCAPCD jurisdiction) 
• Analysis year 2009 

As shown in Table 6, the project’s direct GHG emissions per service population (SP) 
would be approximately 8 metric tons CO2e/SP/year.  
 
Table 6: Residential Project Example GHG Emissions Estimates 

URBEMIS Output (Project Specific) Metric Tons/Year 
CO2e 

Demographic Data 

Area-source emissions 251 Residents 179 

Mobile-source emissions 1,044 Jobs 0 

Indirect emissions (from CCAR 
Protocol)   

174 

Total operational emissions 1,469 

Operational emissions/SP  8.2 

Service population 179 

Notes: 
CO2e = carbon dioxide equivalent; CCAR = California Climate Action Registry; SP = service population(see definition of service 
population below in discussion of Normalization/Service Population Metric).  
 
Sources: EDAW 2007, ARB 2007b, CCAR 2007, CEC 2000 

 
Commercial Project 
 
Project Attributes: 
 

• Free Standing Discount Superstore: 241 thousand square feet (ksf) 
• 0 residents 
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• 400 jobs 
• Located in the San Joaquin Valley Air Pollution Control District’s (SJVAPCD) 

jurisdiction 
• Analysis year 2009 

 
 
Table 7: Commercial Project Example GHG Emissions Estimates 

URBEMIS Output (Project Specific) Metric Tons/Year 
CO2e 

Demographic Data 

Area-source emissions 464 Residents 0 

Mobile-source emissions 13,889 Jobs 400 

Indirect emissions (from CCAR Protocol)  1,477 

Total operational emissions 15,830 

Operational emissions/SP  39.6 

Service population 400 

Notes: 
CO2e = carbon dioxide equivalent; CCAR = California Climate Action Registry; SP = service population (see definition of service 
population below in discussion of Normalization/Service Population Metric). 
 
Sources: EDAW 2007, ARB 2007b, CCAR 2007, CEC 2000 

 
Specific Plan 
 
If used traditionally with default trip rates and lengths, rather than project-specific 
(Traffic Analysis Zone-specific) trip rates and lengths, URBEMIS does not work well for 
specific plan or general plan-sized projects with multiple land use types proposed.  
However, in all instances, projects of these sizes (several hundred or thousand acres) 
would be accompanied by a traffic study.  Thus, for large planning-level projects, 
URBEMIS can be used as a calculation tool to easily obtain project-specific mobile-
source emissions.  The user should follow the steps discussed above; wherein he/she 
overwrites the default ITE trip rates for each land use type with that needed to make total 
VMT match that contained in the traffic study.  The URBEMIS interface is a simple 
calculator to combine the traffic study and EMFAC emissions factors for mobile-source 
CO2.  
 
Project Attributes: 
 

• 985 acres 
• Total dwelling units: 5,634 
• Commercial/Mixed Use: 429 ksf 
• Educational: 2,565 ksf 
• 14,648 residents 
• 3,743 jobs 
• Located in Sacramento County (SMAQMD jurisdiction) 
• Analysis year 2009 
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Table 8: Specific Plan Example GHG Emissions Estimates 
URBEMIS Output (Project Specific) Metric Tons/Year 

CO2e 
Demographic Data 

Area-source emissions 23,273 Residents 14,648 

Mobile-source emissions 73,691 Jobs 3,743 

Indirect emissions (from CCAR 
Protocol)  

32,744 

Total operational emissions 129,708 

Operational emissions/SP  7.1 

Service 
population 18,391 

Notes: 
CO2e = carbon dioxide equivalent; CCAR = California Climate Action Registry; SP = service population (see definition of 
service population below in discussion of Normalization/Service Population Metric). 
 
Sources: EDAW 2007, ARB 2007b, CCAR 2007, CEC 2000 

 
The specific plan example, when compared to the residential or commercial examples, 
illustrates the benefit of a mixed-use development when you look at CO2e emissions per 
resident or job (service population) metric (see definition of service population below in 
discussion of Normalization/Service Population Metric).  Though this particular specific 
plan is not an example of a true jobs/housing balance, the trend is clear: accommodating 
residents and jobs in a project is more efficient than residents or jobs alone. 
 
Stationary- and Area-Source Project Types 
 
GHG emissions from stationary or area sources that require a permit to operate from the 
air district also contain both direct and indirect sources of emissions.  Examples of these 
types of sources would be fossil fuel power plants, cement plants, landfills, wastewater 
treatment plants, gas stations, dry cleaners and industrial boilers.  All air districts have 
established procedures and methodologies for projects subject to air district permits to 
calculate their regulated pollutants.  It is anticipated that these same procedures and 
methodologies could be extended to estimate a permitted facility’s GHG calculations.  
For stationary and area sources that do not require air district permits, the same 
methodologies used for permitted sources could be used in addition to URBEMIS 
and CCAR GRP to calculate GHG emissions from these facilities. 
 
Wastewater Treatment Facilities 
 
Direct GHG emissions associated with a proposed waste water treatment plant can be 
calculated using AP-42 emission factors from Chapter 4.3.5 Evaporative Loss Sources: 
Waste Water-Greenhouse Gases and the CCAR methodology.  In general, most 
wastewater operations recover CH4 for energy, or use a flare to convert the CH4 to CO2.  
There are many types of wastewater treatment processes and the potential for GHG 
emissions from different types of plants varies substantially.  There is not one standard 
set of emission factors that could be used to quantify GHG emissions for a state 
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“average” treatment plant.  Thus, research will need to be conducted on a case-by-case 
basis to determine the “Fraction Anaerobically Digested” which is a function of the 
type of treatment process.  Indirect emissions from these facilities can be calculated 
using the CCAR energy use protocols and URBEMIS model for transportation 
emissions. 
 
Solid Waste Disposal Facilities 
 
Air districts will have emission estimate methodologies established for methane 
emissions at permitted landfills.  In addition, EPA’s Landfill Gas Emissions Model 
(LandGem) and the CCAR methodology could also be used to quantify GHG emissions 
from landfill off gassing; however, this model requires substantial detail be input.  The 
model uses a decomposition rate equation, where the rate of decay is dependent on the 
quantity of waste in place and the rate of change over time.  This modeling tool is free to 
the public, but substantial project detail about the operation of the landfill is needed to 
run the model.  Indirect emissions from these facilities can be calculated using the CCAR 
energy use protocols and URBEMIS model for transportation emissions. 
 
Construction Emissions 
 
GHG emissions would occur during project construction, over a finite time.  In addition, 
a project could result in the loss of GHG sequestration opportunity due primarily to the 
vegetation removed for construction.  URBEMIS should be used to quantify the mass of 
CO2 that would occur during the construction of a project for land development projects.  
Some construction projects would occur over an extended period (up to 20–30 years on a 
planning horizon for general plan buildout, or 5–10 years to construct a dam, for 
example).  OFFROAD emission factors are contained in URBEMIS for CO2 emissions 
from construction equipment.  For other types of construction projects, such as roadway 
construction projects or levee improvement projects, SMAQMD’s spreadsheet modeling 
tool, the Road Construction Emissions Model (RoadMod), should be used.  This tool is 
currently being updated to include CO2 emissions factors from OFFROAD. 
 
The full life-cycle of GHG emissions from construction activities is not accounted for in 
the modeling tools available, and the information needed to characterize GHG emissions 
from manufacture, transport, and end-of-life of construction materials would be 
speculative at the CEQA analysis level.  The emissions disclosed will be from 
construction equipment and worker commutes during the duration of construction 
activities.  Thus, the mass emissions in units of metric tons CO2e/year should be reported 
in the environmental document as new emissions. 
 
General Plans 
 
In the short-term, URBEMIS can be used as a calculation tool to model GHG emissions 
from proposed general plans, but only if data from the traffic study is incorporated into 
model input.  The same methodology applied above in the specific plan example applies 
to general plans.  The CCAR GRP can be used to approximate indirect emissions from 
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increased energy consumption associated with the proposed plan area.  The same models 
and methodologies discussed previously for wastewater, water supply and solid waste 
would be used to estimate indirect emissions resulting from buildout of the general plan. 
 
In the longer-term, more complex modeling tools are needed, which would integrate 
GHG emission sources from land use interaction, such as I-PLACE3S or CTG 
Energetics’ Sustainable Communities Custom Model attempt to do.  These models are 
not currently available to the public and only have applicability in certain areas of the 
state.  It is important that a tool with statewide applicability be used to allow for 
consistency in project treatment, consideration, and approval under CEQA. 
 
Scenarios 
 
At the general plan level, the baseline used for analyzing most environmental impacts of 
a general plan update is typically no different from the baseline for other projects.  The 
baseline for most impacts represents the existing conditions, normally on the date the 
Notice of Preparation is released.  Several comparative scenarios could be relevant, 
depending on the exact methodological approach and significance criteria used for GHG 
assessment: 
 

• Existing Conditions.  The GHG emissions associated with the existing, on-the-
ground conditions within the planning area. 

 
• 1990 conditions.  The GHG emissions associated with the general plan area in 

1990.  This is relevant due to the state’s AB 32 GHG emission reduction goals’ 
benchmark year of 1990.  The GHG-efficiency of 1990 development patterns 
could be compared to that of the general plan buildout.   

 
• Buildout of the Existing General Plan.  The GHG emissions associated with 

buildout of the existing general plan (without the subject update).  This is the no 
project alternative for the purposes of general plan CEQA analysis. 

 
• Buildout of the Updated General Plan.  The GHG emissions associated with 

buildout of the general plan, as proposed as a part of the subject update.  This 
would include analysis of any changes included as a part of the general plan 
update for the existing developed portions of the planning area.  Many 
communities include redevelopment and revitalization strategies as a part of the 
general plan update.  The general plan EIR can include assumptions regarding 
what level and type of land use change could be facilitated by infill and 
redevelopment.  Many jurisdictions wish to provide future projects consistent 
with these land use change assumptions with some environmental review 
streamlining.  In addition, many communities include transit expansions, 
pedestrian/bicycle pathway improvements, multi-modal facility construction, 
travel demand policies, energy efficiency policies, or other measures that could 
apply to the existing developed area, just as they may apply to any new growth 
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areas.  Such policies could affect the overall GHG emissions of the built out 
general plan area. 

 
• Increment between Buildout of Updated General Plan and Existing General 

Plan Area.  There are many important considerations associated with the 
characterization of the impact of the General Plan update.  The actual GHG 
emissions impact could be described as the difference between buildout under the 
existing and proposed land use plan (No-Build Alternative).  However, the courts 
have held that an EIR should also analyze the difference between the proposed 
General Plan and the existing environment (Environmental Planning & 
Information Council v. County of El Dorado (EPIC) (1982) 131 Cal.App.3d 350).  
At the General Plan level, over the course of buildout, some new land uses are 
introduced, which could potentially add operational GHG emissions and 
potentially remove existing sequestration potential.  Some properties become 
vacant and are not redeveloped.  Other properties become vacant and then are 
redeveloped.  Communities cannot pretend to understand fully in advance each 
component of land use change.  The programmatic document is the preferred 
method of environmental analysis.  Through this programmatic framework, 
communities develop buildout assumptions as a part of the General Plan that are 
normally used as a basis of environmental analysis.  For certain aspects of the 
impact analysis, it becomes important not just to understand how much “new 
stuff” could be accommodated under the updated General Plan, but also the 
altered interactions between both “new” and “existing” land uses within the 
planning area.  As addressed elsewhere, there are tools available for use in 
understanding land use/transportation interactions at the General Plan level.  
Without the GHG targets established by AB 32, a simple mass comparison of 
existing conditions to General Plan buildout might be appropriate. 

 
However, within the current legal context, the GHG efficiency of the updated General 
Plan becomes the focus of analysis.  Some options in this regard include: 
 

• Estimate the GHG emissions associated with all the land uses included within the 
planning area upon buildout of the General Plan using no project specific 
information (regional, countywide, or statewide defaults).  Estimate GHG 
emissions using project specific information from the transportation engineer, 
transportation demand policies, community design elements, energy efficiency 
requirements, wastewater treatment and other public infrastructure design 
changes, and other components.  Compare these two calculations.  Is the second 
calculation reduced by the percent needed to meet AB 32 goals compared to the 
first calculation? 

 
• Estimate the GHG emissions associated with the 1990 planning area and the per-

capita or per-service population GHG associated with the 1990 planning area.  
(Many communities are establishing GHG inventories using different tools).  
Estimate the GHG emissions associated with buildout of the proposed General 
Plan update and the resulting per-capita or per-service population GHG 
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emissions.  Compare the two calculations.  Is the General Plan buildout per-capita 
or per-service population level greater than the 1990 estimate? 

 
Example General Plan Update:  Proposed new growth area 
 
Project Attributes: 

• 10,050 single family dwelling units 
• 652 multi-family dwelling units 
• 136 acres parks 
• 2,047 ksf commercial (regional shopping center) 
• 2,113 ksf office 
• 383 acres industrial park 
• 31,293 new residents 
• 4,945 new jobs 
• Located in Stanislaus County (SJVAPCD jurisdiction) 
• Analysis year 2025 

 
Table 9: General Plan Example GHG Emissions Estimates 
URBEMIS Output (Project Specific) Metric Tons/Year 

CO2e 
Demographic Data 

Construction emissions 12,083*  

Area-source emissions 45,708 
Residents 31,293 

Mobile-source emissions 263,954 

Indirect emissions (from CCAR Protocol) 78,385 
Jobs 
 

4,945 
 

Total operational emissions 388,046 

Operational emissions/SP  10.7 
Service population 36,238 

 

* Approximately 241,656 metric tons CO2e total at general plan buildout (assumes 20-year buildout period).  Construction emissions 
were not included in total operational emissions. 
Notes: 
CO2e = carbon dioxide equivalent; CCAR = California Climate Action Registry; SP = service population (see definition of service 
population below in discussion of Normalization/Service Population Metric). 
Sources: EDAW 2007, ARB 2007b, CCAR 2007, CEC 2000 

 
Due to the programmatic level of analysis that often occurs at the general plan level, and 
potential for many relevant GHG emission quantities, it could be preferable to use a 
qualitative approach.  Such an analysis could address the presence of GHG-reducing 
policy language in the general plan. 
 
Three possible tiers of approaches to addressing GHG mitigation strategies, either as 
general plan policy, general plan EIR mitigation measures, or both, include: 
 

• Forward planning 
• Project toolbox 
• Defer to GHG reductions plan 
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The three basic approaches are described below. 
 
1.  Bring reduction strategies into the plan itself.  The most effective way for local 
jurisdictions to achieve GHG emissions reductions in the medium- and long-term is 
through land use and transportation policies that are built directly into the community 
planning document.  This involves creating land use diagrams and circulation 
diagrams, along with corresponding descriptive standards, that enable and encourage 
alternatives to travel and goods movement via cars and trucks.  The land use and 
circulation diagrams provide a general framework for a community where people can 
conduct their everyday business without necessarily using their cars.  The overall 
community layout expressed as a part of the land use and circulation diagrams is 
accompanied by a policy and regulatory scheme designed to achieve this community 
layout.  Impact fees, public agency spending, regulations, administrative procedures, 
incentives, and other techniques are designed to facilitate land use change consistent with 
the communities’ overall vision, as expressed in policy and in the land use diagram.  
There are many widely used design principles that can be depicted in land use and 
circulation diagrams and implemented according to narrative objectives, standards, and 
policies: 
 

• Connectivity.  A finely-connected transportation network shortens trip lengths 
and creates the framework for a community where homes and destinations can be 
placed close in proximity and along direct routes.  A hierarchical or circuitous 
transportation network can increase trip lengths and create obstacles for walking, 
bicycling, and transit access.  This policy language would likely be found in the 
Circulation Element. 

 
• Compactness.  Compact development, by its nature, can increase the efficiency of 

infrastructure provision and enable travel modes other than the car.  If 
communities can place the same level of activity in a smaller space, GHG 
emissions would be reduced concurrently with VMT and avoid unnecessary 
conversion of open space.  This policy language would likely be found in the 
Land Use Element. 

 
• Diversity.  Multiple land use types mixed in proximity around central “nodes” of 

higher-activity land uses can accommodate travel through means other than a car.  
The character and overall design of this land use mix is, of course, different from 
community to community.  This policy language would likely be found in the 
Land Use Element. 

 
• Facilities.  Pedestrian, bicycle, and public transportation improvements, planning, 

and programming are sometimes an afterthought.  To get a more GHG-efficient 
mode share, safe and convenient bike lanes, pedestrian pathways, transit shelters, 
and other facilities are required to be planned along with the vehicular travel 
network.  This policy language would likely be found in the Circulation Element. 
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• Redevelopment.  One way to avoid GHG emissions is to facilitate more efficient 
and economic use of the lands in already-developed portions of a community.  
Reinvestment in existing neighborhoods and retrofit of existing buildings is 
appreciably more GHG efficient than greenfield development, and can even 
result in a net reduction in GHG emissions.  This policy language would likely be 
found in the Conservation or Land Use Element. 

 
• Housing and Employment.  Most communities assess current and future 

economic prospects along with long-range land use planning.  Part of the 
objective for many communities is to encourage the coalescence of a labor force 
with locally available and appropriate job opportunities.  This concept is best 
known as “jobs-housing balance.”  This policy language would likely be found in 
the Housing Element. 

 
• Planning Level Versus Project Level.  For transportation-related GHG emissions 

that local governments can mitigate through land use entitlement authority, the 
overall community land use strategy and the overall transportation network are 
the most fruitful areas of focus.  The reduction capacity of project-specific 
mitigation measures is greatly limited if supportive land use and transportation 
policies are lacking at the community planning level.  The regional economic 
context, of course, provides an important backdrop for land use and 
transportation policy to address GHG emissions.  Within this context, the general 
plan is the readily available tool for local governments to establish such land use 
and transportation strategies.  This policy language would likely be found in the 
Land Use and Circulation Elements. 

 
• Shipping Mode Shift.  Locate shipping-intensive land uses in areas with rail 

access.  Some modes of shipping are more GHG-intensive than others.  Rail, for 
example, requires only about 15 to 25 percent of the energy used by trucks to ship 
freight equivalent distances and involves reduced transportation-related GHG 
emissions.  Cities and counties have little direct control over the method of 
shipment that any business may choose.  Nevertheless, as a part of the general 
planning process, cities and counties can address constraints on the use of rail for 
transporting goods.  This policy language would likely be found in the Land Use 
and Circulation Elements. 

 
2.  Provide a “toolbox” of strategies after the project site has been selected.  In addition to 
the examples of design principles that are built into the community planning process, 
communities can offer project applicants a range of tools to reduce GHG emissions.  
Mitigation strategies are elaborated in detail in Chapter 9. 
 
3.  Defer to General Plan implementation measure.  Develop and implement a GHG 
Emissions Reduction Plan.  Another option for local governments would be development 
of an implementation measure as a part of the general plan that outlines an enforceable 
GHG reduction program.  Perhaps the most well known example of this approach is the 
result of California’s Attorney General settlement of the lawsuit brought against San 
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Bernardino County.  The County has agreed to create a 1990 GHG inventory and 
develop measures to reduce such emissions according to the state’s overall goals. 
Other communities have pursued similar programs (i.e., the City of San Diego, Marin 
County).  Along with the inventories, targets, and example reduction measures, these 
programs would include quantitative standards for new development; targets for 
reductions from retrofitting existing development; targets for government operations; 
fee and spending program for GHG reduction programs; monitoring and reporting; and 
other elements. The local government itself should serve as a model for GHG reduction 
plan implementation, by inventorying emissions from government operations and 
achieving emission reductions in accordance with the plan’s standards.  An optional 
climate change element could be added to contain goals, policies, and this 
implementation strategy, or this could belong in an optional air quality element. 
 
Other Project Types 
 
Air District Rules, Regulations and Air Quality Plans 
 
Air district air quality plans, rules and regulations could have the potential to increase or 
decrease GHG emissions within their respective jurisdiction.  In general, air district air 
quality plans, rules and regulations act to reduce ozone precursors, criteria air pollutant 
and toxic air contaminant emissions, which would almost always act to reduce GHG 
emissions simultaneously.  However, this may not always be the case.   
 
Air Quality Plans 
 
Air districts will have to include GHG emissions analysis as part of their criteria air 
pollutant and toxic air contaminant air pollutant analysis when considering the adoption 
of air quality plans and their subsequent rules and regulations needed to implement the 
plans.  Multiple models and methodologies will be needed to accomplish this analysis. 
 
Regional Transportation Plans 
 
Regional transportation plans would also need to be evaluated on a case-by-case basis to 
determine if a net increase or decrease in GHG emissions would occur.  Complex 
interactions between the roadway network, operating conditions, alternative 
transportation availability (such as public transit, bicycle pathways, and pedestrian 
infrastructure), and many other independent parameters specific to a region should be 
considered.  Regional transportation models exist to estimate vehicular emissions 
associated with regional transportation plans, which includes the ability to estimate GHG 
emissions. 
 
Normalization/Service Population Metric 
 
The above methodology would provide an estimate of the mass GHG emissions 
generated by a proposed project, which could be compared to a mass emission threshold.  
EDAW developed a methodology that would measure a project’s overall GHG efficiency 
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in order to determine if a project is more efficient than the existing statewide average for 
per capita GHG emissions.  The following steps could be employed to estimate the GHG-
“efficiency,” which may be more directly correlated to the project’s ability to help obtain 
objectives outlined in AB 32, although it relies on establishment of an efficiency-based 
significance threshold.  The subcommittee believes this methodology may eventually be 
appropriate to evaluate the long-term GHG emissions from a project in the context of 
meeting AB 32 goals.  However, this methodology will need substantially more work and 
is not considered viable for the interim guidance presented in this white paper. 
 

• Divide the total operational GHG emissions by the Service Population (SP) 
supported by the project (where SP is defined as the sum of the number of 
residents and the number of jobs supported by the project).  This value should be 
compared to that of the projected statewide GHG emissions inventory from the 
applicable end-use sectors (electricity generation, residential, 
commercial/institutional, and mobile-source) in 1990 divided by the projected 
statewide SP for the year 2020 (i.e., AB 32 requirements), to determine if the 
project would conflict with legislative goals. 

 
o If the project’s operational GHG/SP falls below AB 32 requirements, then 

the project’s GHG emissions are less than cumulatively considerable. 
 
o If the project’s operational GHG/SP exceed AB 32 requirements (a 

substantial contribution), then the project’s GHG emissions would conflict 
with legislative requirements, and the impact would be cumulatively 
considerable and mitigation would be required where feasible. 

 
• New stationary and area sources/facilities: calculate GHG emissions using the 

CCAR GRP.  All GHG emissions associated with new stationary or area sources 
should be treated as a net increase in emissions, and if deemed significant, should 
be mitigated where feasible. 

 
• Road or levee construction projects or other construction-only projects: calculate 

GHG emissions using the RoadMod, which will be updated to contain GHG 
emission factors from EMFAC and OFFROAD.  All construction-generated 
GHG emissions should be treated as a net increase, and if deemed significant, 
should be mitigated to the extent feasible.  

 
• Air District rulemaking or air quality management plan-type projects should be 

evaluated on a case-by-case basis for secondary impacts of increased GHG 
emissions generation.  In most cases, the types of projects that act to reduce 
regional air pollution simultaneously act to reduce GHG emissions, and would be 
beneficial, but should be evaluated for secondary effects from GHG emissions.  

 
• Regional transportation plans should also be evaluated on a case-by-case basis for 

potential to either reduce or increase GHG emissions from the transportation 
sector.  EMFAC can be utilized to determine the net change in GHG emissions 
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associated with projected vehicle VMT and from operating speed changes 
associated with additional or alleviated congestion. 

 
To achieve the goals of AB 32, which are tied to GHG emission rates of specific 
benchmark years (i.e., 1990), California would have to achieve a lower rate of 
emissions per unit of population and per unit of economic activity than it has now.  
Further, in order to accommodate future population and economic growth, the state 
would have to achieve an even lower rate of emissions per unit than was generated in 
1990.  (The goal to achieve 1990 quantities of GHG emissions by 2020 means that this 
will need to be accomplished in light of 30 years of population and economic growth in 
place beyond 1990.)  Thus, future planning efforts that would not encourage new 
development to achieve its fair share of reductions in GHG emissions would conflict with 
the spirit of the policy decisions contained in AB 32, thus impeding California’s ability to 
comply with the mandate. 
 
Thus, if a statewide context for GHG emissions were pursued, any net increase in GHG 
emissions within state boundaries would be considered “new” emissions.  For example, a 
land development project, such as a specific plan, does not necessarily create “new” 
emitters of GHG, but would theoretically accommodate a greater number of residents in 
the state.  Some of the residents that move to the project could already be California 
residents, while some may be from out of state (or would ‘take the place’ of in-state 
residents who ‘vacate’ their current residences to move to the new project).  Some may 
also be associated with new births over deaths (net population growth) in the state.  The 
out-of-state residents would be contributing new emissions in a statewide context, but 
would not necessarily be generating new emissions in a global context.  Given the 
California context established by AB 32, the project would need to accommodate an 
increase in population in a manner that would not inhibit the state’s ability to achieve the 
goals of lower total mass of emissions. 
 
The average net influx of new residents to California is approximately 1.4 percent per 
year (this value represents the net increase in population, including the net contribution 
from births and deaths).  With population growth, California also anticipates economic 
growth.  Average statewide employment has grown by approximately 1.1 percent over 
the last 15 years.  The average percentage of population employed over the last 15 years 
is 46 percent.  Population is expected to continue growing at a projected rate of 
approximately 1.5 percent per year through 2050.  Long-range employment projection 
data is not available from the California Department of Finance (DOF) and can be 
extrapolated in different ways (e.g., linear extrapolation by percentage rate of change, 
percentage of population employed, mathematical series expansion, more complex 
extrapolation based on further research of demographic projections such as age 
distribution).  Further study would be needed to refine accurate employment projections 
from the present to 2050.  For developing this framework, employment is assumed to 
have a constant proportionate relationship with the state’s population.  The projected 
number of jobs is assumed to be roughly 46 percent of the projected population. 
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In light of the statewide context established by California law, consistency is most 
important for evaluating GHG emissions from projects.  Thus, URBEMIS and the CCAR 
GRP are the recommended tools for quantification of GHG emissions from most project 
types in the short term.  Over the long term, more sophisticated models that integrate the 
relationship between GHG emissions and land use, transportation, energy, water, waste, 
and other resources, and have similar application statewide would have better application 
to the problem, but may not currently be as accessible or as easily operable.  I-PLACE3S 
and CTG Energetics’ Sustainable Communities Model (SCM) are two examples of such 
models that contain emission factors for GHGs, which could be refined to have 
applicability statewide and made available to CEQA practitioners.  Other models are 
likely to be developed, given the importance of this issue. 
 
Short-Term and Long-Term Methodologies 
 
The following tools can be used to quantify a project’s GHG emissions until tools that are 
more comprehensive become available statewide: 
 

1. Land development projects: URBEMIS 2007 v. 9.2 and the CCAR GRP v. 2.2 
(short-term); further development of I-PLACE3S or CTG’s Sustainable 
Communities Model (long-term). 

2. New stationary and area sources/facilities: AP-42 Chapter 4.3, LandGem v. 3.02, 
and/or CCAR GRP v. 2.2. 

3. Road or levee construction projects or other construction-only projects: 
RoadMod/OFFROAD 2007. 

 
Ideally, I-PLACE3S or CTG’s Sustainable Communities Model would be expanded to 
apply to all regions of the state.  These types of models use an integrated approach, which 
is the best approach for reasonably approximating the emissions that result from 
interaction between land uses, but neither is available to the public and would create 
consistency problems in reporting emissions from projects across the state if these were 
used today.  However, a similar model with statewide applicability will likely be 
developed due to the importance of the issue.Table 10 
Summary of Modeling Tools for Estimating GHG Emissions and Project Applicability 
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Table 10: Summary of Modeling Tools for GHG Emissions 

Method/Tool 
Description 

Availability Applicability Scope Ease of 
Use 

Data Input 
(Requirements 
and Guidance) 

Data Output Recommendation 
Comments 

Advantages/ 
Disadvantages 

URBEMIS 
2007 

Public domain 
-Download 
(www.urbemis.co
m) free of charge 

Land development 
and construction 
projects 
(construction, 
mobile- and area- 
source emissions) 

Local Fairly 
Easy 

Land use 
information, 
construction and 
operational data 
and assumptions 
(e.g., jurisdiction, 
acres of land use 
type, year of 
operation, etc.) 

Mobile-source 
Construction & 
Operational CO2 
(lb/day or 
tons/year) 

-Recommended for 
land use 
development and 
construction 
projects 
-Also recommended 
for net change in 
land use (zoning 
changes) 

-Does not quantify 
indirect emissions from 
energy consumption or 
other GHGs (except 
methane from mobile-
sources) 
-Free, available to public, 
and applicable statewide 
-Widely used for 
assessment of other air 
quality impacts 

California 
Climate 
Action 
Registry 
General 
Reporting 
Protocol v. 2.2 

Public guidance 
document 

Indirect emissions 
from land 
development 
projects, 
stationary- and 
area-source 
facilities 
regulated under 
AB 32 

State Easy Energy 
consumption  

CO2e (Metric 
tons/year) 

-Recommended for 
indirect emissions 
from energy 
consumption for 
land use 
development 
projects, and for 
new stationary- or 
area- sources to be 
regulated 

-Contains emission factors 
for CH4 and N2O in 
addition to CO2 
-Does not contain 
emission factors broken 
down by utility provider 
(statewide average grid 
only) 

Clean Air and 
Climate 
Projection 
(CACP) 
Software 

Public agencies 
(members of 
ICLEI, NACAA, or 
similar) 

Local 
governments used 
for emissions 
inventories 

Local N/A 

Energy usage, 
waste 
generation/disposal 
transportation 

CO2e (tons/year) 

-Recommended for 
inventories of local 
government entities 
activities (must be a 
member of affiliated 
agency or group) 

-Not available to public 

CTG 
Sustainable 
Communities 
Model 

Custom model Land development Regional, 
scalable N/A 

Land use 
information, 
operational 
(mobile, energy, 
economic, 
infrastructure) 
assumptions 

CO2e (tons/year) 

-An integrated and 
comprehensive 
modeling tool, but 
cannot obtain 

-Not available to public 
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Method/Tool 
Description 

Availability Applicability Scope Ease of 
Use 

Data Input 
(Requirements 
and Guidance) 

Data Output Recommendation 
Comments 

Advantages/ 
Disadvantages 

I-PLACE3S 

Access fee through 
local COG 
Only available for 
eight California 
counties 

Land use change Regional, 
scalable 

Fairly 
Easy Parcel information CO2 (lb/day or 

tons/year) 

-Recommended for 
land use 
development 
projects and land 
use changes 
-Especially good for 
general plans 

-Not freely available to 
public 
-Not applicable statewide 
-Actually provides insight 
into land use interaction 
-Can include very specific 
project attributes  
-Trip rates are from 
behavioral survey data, 
instead of ITE 

EMFAC 2007 Public domain On-road mobile-
sources 

Statewide, 
regional 

Fairly 
Easy 

Vehicle fleet 
information 

CO2 
(grams/mile) 

-Not recommended 
for most projects 
(URBEMIS 
preferred) 
-Could be used for 
certain Air District 
Rulemaking 
applications 

-Can compare emissions 
based on speed-
distribution 
-Emission factors 
contained in URBEMIS 
-Not a stand-alone model 

OFFROAD 
2007 Public domain 

Off-road mobile 
sources 
(construction 
equipment) 

Statewide, 
regional 

Fairly 
Easy 

Construction fleet 
information CO2 (lb/day) 

-Not recommended 
(URBEMIS 
preferred) 
-could be used for 
certain Air District 
Rulemaking 
applications (re: 
construction 
equipment) 

-Emission factors 
contained in URBEMIS 

RoadMod 
(to be updated 
to include 
CO2) 

Public domain 

Off-road and on-
road mobile 
sources 
(construction 
equipment and 
material haul 
trucks) 

Statewide Easy Construction 
information 

CO2 (lb/day or 
tons/project) 

-Recommended for 
construction-only 
projects (linear in 
nature; i.e., levees, 
roads, pipelines) 

-To be updated to support 
emissions factors from 
OFFROAD 2007 
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Method/Tool 
Description 

Availability Applicability Scope Ease of 
Use 

Data Input 
(Requirements 
and Guidance) 

Data Output Recommendation 
Comments 

Advantages/ 
Disadvantages 

DTIM Public domain On-road mobile-
sources 

Statewide, 
regional 

Difficult 
(consists of 
a series of 
three 
programs 
and 
requires 
input files 
from traffic 
and 
emissions 
modeling) 

-EMFAC files 
-Traffic model 
output files (e.g., 
link, interzonal, and 
trip end data) 
-User options file 
-Optional files 
 

CO2 (tons/year) -Not recommended 

-Not updated to support 
EMFAC 2007 emission 
factors 
-Input files include output 
files from regional 
transportation models 
which more accurately 
reflect VMT 

Southeast 
Climate 
Change 
Partnership 
Spreadsheet 
Model (UK) 

Public domain 
http://www.climate
southeast.org.uk/ 

UK Local 
government/ 
agencies/ 
organizations 
used for emissions 
inventories 

Local, 
county, 
regional 

Fairly easy

Energy usage, 
waste 
generation/disposal
, transportation 

CO2 
(tonnes/year) 

-Not recommended 
for use in 
California, but could 
be a valuable source 
for building an 
applicable 
spreadsheet model 

-Applicability for UK, but 
could be updated with CA-
specific emission factors  

EPA AP-42; 
Evaporation 
Loss Sources 
Chapter 4.3.5  

Public reference 
document  

GHG emissions 
from waste water 
treatment 
facilities 

Facility 
level 

Easy 
equation; 
substantial 
research 
needed to 
use 

Biochemical oxygen 
demand (BOD) 
loading, Fraction 
anaerobically 
digested 

CH4 (lb/year) 

-Recommended for 
Publicly owned 
treatment works 
(POTW) projects 

-Substantial research 
needed to determine the 
“fraction anaerobically 
digested” parameter, 
which is dependent on the 
type of treatment 
plant/process 

LandGem v. 
3.02 

Public domain 
http://www.epa.go
v/ttn/catc/dir1/lan
dgem-v302.xls 

GHG emissions 
from anaerobic 
decomposition 
associated with 
landfills 

Facility 
Level Moderate 

Solid waste 
processing, year of 
analysis, lifetime of 
waste in place 

CO2, CH4 (Mega 
grams/year) 

-Recommended for 
landfill emissions 

-Emission rates change 
dependent on years of 
decomposition, waste in 
place rates of change. 
-Complex decomposition 
rate equation, but good 
first approximation 
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Method/Tool 
Description 

Availability Applicability Scope Ease of 
Use 

Data Input 
(Requirements 
and Guidance) 

Data Output Recommendation 
Comments 

Advantages/ 
Disadvantages 

CARROT Registry members 

Stationary source 
emissions, vehicle 
fleet mobile 
sources 

Facility 
level Moderate Facility-specific 

information All GHGs 

-Recommended for 
reporting facilities 
under AB 32 and for 
indirect emissions 
from energy 
consumption (CCAR 
Protocol) 

-Estimates all GHGs and 
normalizes to CO2e 
-Not publicly available 

Notes:  
GHG = greenhouse gas; AB = assembly bill; CO2e = carbon dioxide equivalent; CH4 = methane; N2O = nitrous oxide; COG = council of governments ; ITE = Institute of Transportation Engineers; CCAR = 
California Climate Action Registry 
Source: Data compiled by EDAW and the California Air Pollution Control Officers Association in 2007 
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Introduction 
 
This chapter (and Appendix B) identifies existing and potential mitigation measures 
that could be applied to projects during the CEQA process to reduce a project’s GHG 
emissions that would be identified using the analytical methodologies included in this 
white paper.  The Subcommittee retained the services of EDAW to assist with this effort.  
EDAW performed a global search of mitigation measures currently in practice and under 
study that would reduce GHG emissions. 
 
Table 16 (Appendix B) provides a brief description of each measure along with an 
assessment of their feasibility (from a standpoint of economical, technological, and 
logistical feasibility, and emission reduction effectiveness), and identifies their potential 
for secondary impacts to air quality.  During the global search performed, EDAW also 
took note of GHG reduction strategies being implemented as rules and regulation (e.g., 
early action items under AB 32), which are summarized in Table 18 (Appendix C).  It is 
important to note that though compliance with such would be required by regulation for 
some sources, such strategies may be applicable to other project and source types.   
 
The recurring theme that echoes throughout a majority of these measures is the shift 
toward New Urbanism, and research has consistently shown that implementation of 
Neotraditional Development techniques reduces VMT and associated emissions.  The 
material reviewed assessed reductions from transportation-related measures (e.g., bicycle, 
pedestrian, transit, and parking) as a single comprehensive approach to land use.  This 
comprehensive approach focuses on development design criteria conducive to enhancing 
alternate modes of transportation, including transit, walking, and bicycling.  
Transportation Demand Management (TDM) programs are viewed as a mechanism to 
implement specific measures.  TDM responsibilities may include offering incentives to 
potential users of alternative modes of transportation and monitoring and reporting mode 
split changes. 
 
The comprehensive approach makes it more difficult to assess reductions attributable to 
each measure.  Nevertheless, there is a strong interrelationship between many of the 
measures, which justifies a combined approach.  Consider the relationship between bike 
parking nonresidential, bike parking residential, endtrip facilities, and proximity to bike 
path/bike lane measures.  In reality, these measures combined act as incentives for one 
individual to bike to work, while implementation of a single measure without the others 
reduces effectiveness. 
 
The global nature of GHG emissions is an important feature that enables unique 
mitigation: abatement.  When designing a project subject to CEQA, the preferred practice 
is first to avoid, then to minimize, and finally to compensate for impacts.  Where the 
impact cannot be mitigated on-site, off-site mitigation is often and effectively 
implemented in several resource areas, either in the form of offsetting the same impact or 
preserving the resource elsewhere in the region.  Frequently, mitigation fee programs or 
funds are established, where the proponent pays into the program and fees collected  
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throughout the region or state are used to implement projects that, in turn, proportionately 
offset the impacts of the projects to the given resource.  It may be more cost-effective to 
reduce as much GHG on-site as feasible (economically and technologically).  Then the 
proponent would pay into a “GHG retrofit fund” to reduce equivalent GHG emissions 
off-site.  In contrast to regional air pollutant offset programs such as the Carl Moyer 
Program, it matters greatly where reductions of ozone precursors occur, as ozone affects 
regional air quality.  The GHG retrofit fund could be used to provide incentives to 
upgrade older buildings and make them more energy efficient.  This would reduce 
demand on the energy sector and reduce stationary source emissions associated with 
utilities.  This program has been successfully implemented in the United Kingdom where 
developments advertise “carbon neutrality.”  Of course, some GHG emissions occur 
associated with operation of the development, but the development would offset the 
remainder of emissions through off-site retrofit.  Avoiding emissions that would 
otherwise continue to occur at existing development would be a unique opportunity for 
mitigation of GHG emissions.  Reduction of GHG emissions also may have important 
side benefits including reduction of other forms of pollution. 
 
Depending on the significance threshold concept adopted, projects subject to the CEQA 
process would either qualitatively or quantitatively identify the amount of GHG 
emissions associated with their project using the analytical methodologies identified in 
the previous chapter.  The analysis would then apply the appropriate number of 
mitigation measures listed in Appendix B to their project to reduce their GHG emissions 
below the significance level.  Calculating the amount of GHG emission reductions 
attributable to a given mitigation measure would require additional research.  The 
examples below illustrate how a project would be mitigated using this approach. 
 
Residential Project Example 
 
Project Attributes: 
 

• 68 detached dwelling units 
• 15.9 acres 
• Located in unincorporated Placer County PCAPCD jurisdiction) 
• Assume URBEMIS defaults for a rural project in Placer County, in absence of a 

traffic study (This is contrary to the recommendations contained under Task 1; a 
traffic study is necessary to asses project-specific GHG emissions). 

• Analysis year 2009 
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Table 11: Residential Project Example GHG Emissions Estimates with Mitigation 

URBEMIS Output 
(Unmitigated) 

Metric 
Tons/Year CO2e

URBEMIS Output 
(Mitigated) 

Metric 
Tons/Year 

CO2e 

Percent 
Reduction 

Area-source emissions 252 Area-source emissions 215 14.6 

Mobile-source 
emissions 

1,047 Mobile-source emissions 916 12.5 

Total direct operational 
emissions (area + 
mobile) 

1,299 Total operational 
emissions (area + mobile)

1,131 12.9 

Notes: 
CO2e = carbon dioxide equivalent 
 
Sources: Data compiled by EDAW in 2007 

 
Using URBEMIS 2007 and assuming the project would implement the mitigation 
measures listed below, yearly project-generated emissions of CO2e would be reduced by 
approximately 13 percent.  Implementation of the following mitigation measures is 
assumed: 
 

• 100 housing units within one-half-mile radius of project’s center, including this 
project’s 68 residential units; 

• provision of 80 jobs in the study area; 
• retail uses present with one-half-mile radius of project’s center; 
• 10 intersections per square mile; 
• 100% of streets with sidewalks on one side; 
• 50% of streets with sidewalks on both sides; 
• 30% of collectors and arterials with bike lanes, or where suitable, direct parallel 

routes exist; 
• 15% of housing units deed restricted below market rate; 
• 20% energy efficiency increase beyond Title 24; and  
• 100% of landscape maintenance equipment electrically powered and electrical 

outlets in front and rear of units. 
 
 
 
 
 
 
 
 
 
 
 
 

510 of 900

510 of 900



 
 
 

82 

CEQA 
and 

Climate Change 

 
Example Project Methodology and Mitigation 
 
Table 12 –Residential Projects Example Methodology and Mitigation 
Source Methodology Mitigation 

Direct Emissions   

Construction URBEMIS (OFFROAD 
emission factors) 

MM C-1→MM C-4 

Mobile Sources URBEMIS (EMFAC 
emission factors) 

MM T-3→MM T-8, MM T-10→
MM T-14, MM T-16, MM T-19→
MM T-21 
 
MM D-2→MM D-8, MM D-10→
MM D-15, MM D-17 
 
MM S-1→MM S-2 
 
MM M-1→MM M-2 

Area Sources URBEMIS 

Indirect Emissions  

Energy Consumption CCAR GRP & CEC 

MM D-13→MM D-15, MM D-17 
 
MM E-1→MM E-8, MM E-10, 
MM E-12→MM E-23 
 
MM S-1→MM S-2 
 
MM M-1→MM M-2 

 
 
Table 13 –Commercial Projects Example Methodology and Mitigation 
Source Methodology Mitigation 
Direct Emissions   
Construction URBEMIS (OFFROAD 

emission factors) 
MM C-1→MM C-4 

Mobile Sources URBEMIS (EMFAC 
emission factors) 

MM T-1→MM T-2, MM T-4→
MM T-15, MM T-17→MM T-21 
 
MM D-1→MM D-3, MM D-5→
MM D-6, MM D-10, MM D-12,
MM D-14→MM D-17 
 
MM E-24 
 
MM S-1→MM S-2 
 
MM M-1→MM M-2 

Area Sources URBEMIS 
Indirect Emissions  
Energy Consumption CCAR GRP & CEC 

MM D-14→MM D-17 
 
MM E-1, MM E-4→MM E-13, 
MM E-16→MM E-24 
MM S-1→MM S-2 MM M-1→MM M-2 
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Table 14 –Specific Plans Example Methodology and Mitigation 
Source Methodology Mitigation 
Direct Emissions   
Construction URBEMIS (OFFROAD 

emission factors)  
MM C-1→MM C-4 

Mobile Sources Short-term: URBEMIS 
(EMFAC emission factors). 
Long-term: I-
PLACE3S/CTG SCM 

MM T-1→MM T-21 
 
MM D-1→MM D-12, MM D-18→
MM D-19 
 
MM E-24 
 
MM S-1→MM S-2 
 
MM M-1→MM M-2 

Area Sources Short-term: URBEMIS 
(EMFAC emission factors). 
Long-term: I-
PLACE3S/CTG SCM 

Indirect Emissions  
Energy Consumption Short-term: CCAR GRP & 

CEC. Long-term: I-
PLACE3S/CTG SCM 

MM D-13→MM D-19 
 
MM E-1→MM E-24 
 
MM S-1→MM S-2 
 
MM M-1→MM M-2 

 
General Plans 

• Include a general plan policy to reduce emissions within planning area to a level 
consistent with legislative requirements. 

• Implementation strategies include preparation of a GHG reduction plan. 
• Projects consistent with a general plan could be responsible for complying with 

such a policy. 
 

Table 15 –General Plans Example Methodology and Mitigation 
Source Methodology Mitigation 
Direct Emissions   
Construction URBEMIS (OFFROAD 

emission factors).  
MS G-1 
MM G-15 

Mobile Sources Short-term: URBEMIS 
(EMFAC emission factors). 
Long-term: 
I-PLACE3S/CTG SCM 

MS G-1 
MS G-2→MS C-7, MS G-9, MS G-12, 
MS-13→MS-14, MS-16→MS-23 

Area Sources Short-term: URBEMIS 
(EMFAC emission factors). 
Long-term: 
I-PLACE3S/CTG SCM 

Indirect Emissions  
Energy Consumption Short-term: CCAR GRP & 

CEC. Long-term: I-
PLACE3S/CTG SCM 

MS G-1 
MS G-8→MS C-11, MS G-134, 
MS G-12, MS-15, MS-17, MS-22 
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Air District Rules and Regulations 
 
Air district rules and regulations could have the potential to increase or decrease GHG 
emissions within the respective jurisdiction.  In general, air district rules and regulations 
act to decrease criteria air pollutant or toxic air contaminant emissions, which would 
usually act to reduce GHG emissions simultaneously.  However, this may not always be 
the case and air district rules and regulations could address emissions from a large variety 
of different source types.  Reductions of GHG emissions associated with implementation 
of applicable mitigation, which could also vary greatly, would need to be evaluated on a 
case-by-case basis.  However, once applicable mitigation measures are identified, percent 
reductions based on the best available research to date, such as those specified in Table 
15, could be applied to determine mitigated emissions. 
 
Air Quality Plans 
 
Similarly to air district rules and regulations, air quality plans could have the potential to 
increase or decrease GHG emissions because of criteria air pollutant reduction strategies.  
In general, strategies implemented by air districts to reduce criteria air pollutants also act 
to reduce GHG emissions.  However, this may not always be the case.  Reductions of 
GHG emissions associated with implementation of applicable mitigation would need to 
be evaluated on a case-by-case basis.  The methodology identified above for determining 
whether the strategies contained within the GHG reduction plan would adhere to the level 
specified in general plan policy could also be used to determine the reductions associated 
with CAP strategies.  
 
Regional Transportation Plans 
 
Regional transportation plans and reductions of GHG emissions associated with 
implementation of applicable mitigation would also need to be evaluated on a case-by-
case basis to determine if a net increase or decrease in GHG emissions would occur.  
Complex interactions between the roadway network, operating conditions, alternative 
transportation availability (such as public transit, bicycle pathways, and pedestrian 
infrastructure), and many other independent parameters specific to a region should be 
considered.  EMFAC 2007 can be used with VMT from the RTP to create an inventory of 
GHG emissions.  Reductions associated with implementation of applicable measures 
contained in Table 16 could be accomplished by accounting for VMT reductions in the 
traffic model. 
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Many states, counties, and cities have developed policies and regulations concerning 
greenhouse gas emissions that seek to require or promote reductions in GHG 
emissions through standards for vehicle emissions, fuels, electricity 
production/renewables, building efficiency, and other means.  However, we could 
only identify three public agencies in the United States that are considering formally 
requiring the analysis of greenhouse gas emissions and climate change for development 
projects during their associated environmental processes.  There may be others, but they 
were not identified during research conducted during preparation of this paper. 
 
The following is a summary of those three efforts. 
 
Commonwealth of Massachusetts - MEPA Greenhouse Gas Emissions Policy and 
Protocol 
 
The Massachusetts Executive Office of Energy and Environmental Affairs (EEA) has 
determined that the phrase “damage to the environment” as used in the Massachusetts 
Environmental Policy Act (MEPA) includes the emission of greenhouse gases caused by 
projects subjects to MEPA Review.  EEA has published a Greenhouse Gas Emissions 
Policy (GGEP) to fulfill the statutory obligation to take all feasible measurers to avoid, 
minimize or mitigate damage to the environment. 
 
The GGEP concerns the following projects only: 
 

• The Commonwealth or a state agency is the proponent; 
• The Commonwealth or a state agency is providing financial assistance; 
• The project is privately funded, but requires an Air Quality Permit from the 

department of Environmental Protection; 
• The project is privately funded, but will generate:  

o 3,000 or more new vehicle trips per day for office projects;  
o 6,000 or more new vehicle trips per day for mixed use projects that are 

25% or more office space; or  
o 10,000 or more new vehicle trips per day for other projects. 

 
As a comparison, the trip generation amounts correspond as follows: 
 

• 3,000 vehicle trips per day = approximately 250,000 square foot office 
development;  

• 6,000 or more new vehicle trips per day for mixed use projects that are 25% or 
more office space = if 25% office space, then equivalent to approximately 
130,000 square feet of office and either 100,000 square feet of retail or 450 
single-family residential units or some combination thereof. 

• 10,000 or more new vehicle trips per day = approximately 1,000 single family 
residential units or 250,000 square feet retail. 
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The draft policy states it is not intended to create a numerical GHG emission limit or a 
numerical GHG emissions reduction target, but rather to ensure that project proponents 
and reviewers have considered the GHG emissions impacts of their projects and taken all 
feasible means and measure to reduce those impacts. 
 
The draft policy notes that some projects within these categories will have little or no 
greenhouse gas emission and the policy will not apply to such projects.  EEA intends to 
identify in the scoping certificate whether a project falls within this de minimis exception. 
 
The GGEP requires qualifying projects to do the following: 
 

• to quantify their GHG emissions;  
• identify measures to minimize or mitigate such emissions; 
• quantify the reduction in emissions and energy savings from mitigation. 

 
Emissions inventories are intended to focus on carbon dioxide, but analysis of other 
GHGs may be required for certain projects.  EEA will require analysis of direct GGH 
emissions and indirect (electricity and transportation) emissions.  The GGEP references 
the protocols prepared by the World Resource Institute as guidance for inventory 
preparation. 
 
The policy is still in draft form, but the comment period closed on August 10, 2007. 
 
King County, Washington - Executive Order on the Evaluation of Climate Change 
Impacts through the State Environmental Policy Act (SEPA) 
 
On June 27, 2007, the King County Executive Ron Sims directed all King County 
Departments, as follows: 
 

“…effective September 1, 2007 to require that climate impacts, 
including, but not limited to those pertaining to greenhouse gases, 
be appropriately identified and evaluated when such Departments 
are acting as the lead agency in reviewing the environmental 
impacts of private or public proposals pursuant to the State 
Environmental Policy Act”. 

 
The Executive Order does not define what a “climate impact” is.  Based on statements of 
the County Deputy Chief of Staff*  
 

• County agencies will ask project proponents to supply information on 
transportation, energy usage and other impacts of proposed projects using the 
County’s existing SEPA checklist.   

                                                 
* Marten Law Group:  Environmental News, August 1, 2007, “King County (WA) First in Nation to 
Require Climate Change Impacts to be Considered During Environmental Review of New Projects”. 
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• There is no current plan to require project proponents to take action to mitigate 
the impacts identifies. 

• Development of emissions thresholds and mitigation requirements will be 
undertaken in connection with the County’s upcoming 2008 update of its 
Comprehensive Plan. 

 
Sacramento Metropolitan Air Quality Management District 
 
The Sacramento Metropolitan Air Quality Management District released an interim 
guidance on addressing climate change in CEQA documents on September 6, 2007.  
While very general in nature, the District recommends that CEQA environmental 
documents include a discussion of anticipated GHG emissions during both the 
construction and operation phases of the project.  This includes assessing the GHG 
emissions from projects (using readily available models) to determine whether a project 
may have a significant impact.  If so, then the District recommends addressing all of the 
District’s GHG mitigation measures (drawn from comments made by the California 
Attorney General) – with explanations on how the mitigation will be implemented or 
providing rationale for why a measure would be considered infeasible.  The District 
provides assistance to agencies in their analysis of GHG emissions and the applicability 
of specific mitigation measures.  The District’s guidance can be found at:  
http://64.143.64.21/climatechange/ClimateChangeCEQAguidance.pdf 
 
Mendocino Air Quality Management District – CEQA Guidelines 
 
The Mendocino AQMD updated its “Guidelines for Use During Preparation of Air 
Quality Impacts in EIRs or Mitigated Negative Declarations” in May 2007.  The 
guidelines call for preparing estimates of the increased emissions of air contaminations 
(including GHG) for projects.    
 
The guidelines state that GHG emissions should be presumed to have a significant impact 
if CO emissions from District-approved modeling exceed either of the following:  
 

• 80% of the level defined as significant for stationary sources in Regulation1, Rule 
130 (s2) of the District (which is 550 lbs/day for CO, meaning a threshold of 440 
lbs/day for CO for stationary sources); or 

• levels established in District Regulation 1 Rule 130 (i2) for indirect sources 
(which is 690 lbs/day for CO for indirect sources).  

 
If an average passenger vehicle emits 22 grams of CO/mile and 0.8 lb/mile of CO2, then the 690-
lb/day threshold for CO corresponds to approximately 11,400 lb/day CO2 threshold for passenger 
vehicle-related emissions.  If one assumes that the average passenger vehicle goes 12,500 
miles/year (about 35 miles/day), then this is a threshold equivalent to about 420 vehicles.  Using 
an average in California of about 1.77 vehicles/household, this would correspond to about 250 
households/dwelling units. 
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AG=Attorney General; ARB=California Air Resources Board; ASTM=American Society for Testing and Material; BAAQMD=Bay 
Area Air Quality Management District; BEES= Building for Environmental and Economic Sustainability; CA=California; 
Caltrans=California Department of Transportation; CAPs=Criteria Air Pollutants; CCAP=Center for Clean Air Policy; 
CF=Connectivity Factor; CIWMB=California Integrated Waste Management Board; CO= Carbon Monoxide; CO2=Carbon Dioxide; 
DGS=Department of General Services; DOE=U.S. Department of Energy; DPF=Diesel particulate Filter; E85=85% Ethanol; 
EERE=Energy Efficiency and Renewable Energy; EOE=Encyclopedia of Earth; EPA=U.S. Environmental Protection Agency; 
ETC=Edmonton Trolley Coalition; EVs/CNG=Electric Vehicles/Compressed Natural Gas; FAR=Floor Area Ratio; GHG=Greenhouse 
Gas; ITE=Institute of Transportation Engineers; kg/m2=kilogram per square meter; km=Kilometer; lb=pound; LEED=Leadership in 
Energy and Environmental Design; M=Million; NA=Not Available; NEV=Neighborhood Electric Vehicle; NIST=National Institute 
of Standards and Technology; NOX=Oxides of Nitrogen; NREL=National Renewable Energy Laboratory; N/S=North/South; 
PG&E=Pacific Gas and Electric; PM=Particulate Matter; SJVAPCD=San Joaquin Valley Air Pollution Control District; 
SMAQMD=Sacramento Metropolitan Air Quality Management District; SMUD=Sacramento Municipal Utilities District; SOx=Sulfur 
Oxides; SRI=Solar Reflectance Index; TACs=Toxic Air Contaminants; TDM=Transportation Demand Management; 
TMA=Transportation Management Association; THC=Total Hydrocarbon; ULEV=Ultra Low Emission Vehicle; USGBC=U.S. Green 
Building Council; and VTPI=Victoria Transit Policy.  
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Citations from the Public Resources Code (Division 13, §21000 et seq.) as amended 
through January 1, 2005. 
 
Public Resources Code – Section 21004, MITIGATING OR AVOIDING A 
SIGNIFICANT EFFECT; POWERS OF PUBLIC AGENCY:  
 “In mitigating or avoiding a significant effect of a project on the environment, a public 
agency may exercise only those express or implied powers provided by law other than 
this division.  However, a public agency may use discretionary powers provided by such 
other law for the purpose of mitigating or avoiding a significant effect on the 
environment subject to the express or implied constraints or limitations that may be 
provided by law.” 
 
Public Resources Code – Section 21082.2, SIGNIFICANT EFFECT ON 
ENVIRONMENT; DETERMINATION; ENVIRONMENTAL IMPACT REPORT 
PREPARATION: 
(a) The lead agency shall determine whether a project may have a significant effect on 
the environment based on substantial evidence in light of the whole record. 
(b) The existence of public controversy over the environmental effects of a project shall 
not require preparation of an environmental impact report if there is no substantial 
evidence in light of the whole record before the lead agency that the project may have a 
significant effect on the environment. 
(c) Argument, speculation, unsubstantiated opinion or narrative, evidence which is 
clearly inaccurate or erroneous, or evidence of social or economic impacts which do not 
contribute to, or are not caused by, physical impacts on the environment, is not 
substantial evidence.  Substantial evidence shall include facts, reasonable assumptions 
predicated upon facts, and expert opinion supported by facts. 
(d) If there is substantial evidence, in light of the whole record before the lead agency, 
that a project may have a significant effect on the environment, an environmental impact 
report shall be prepared. 
(e) Statements in an environmental impact report and comments with respect to an 
environmental impact report shall not be deemed determinative of whether the project 
may have a significant effect on the environment. 
 
Citations from the Guidelines for California Environmental Quality Act, CCR, Title 14, 
Division 6 (§15000 et seq.) as amended through July 27, 2007. 
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State CEQA Guidelines – Section 15064, DETERMINING THE 
SIGNIFICANCE OF THE ENVIRONMENTAL EFFECTS CAUSED BY A 
PROJECT: 
(a) Determining whether a project may have a significant effect plays a critical role in 
the CEQA process. 
(1) If there is substantial evidence, in light of the whole record before a lead agency, that 
a project may have a significant effect on the environment, the agency shall prepare a 
draft EIR. 
(2) When a final EIR identifies one or more significant effects, the Lead Agency and each 
Responsible Agency shall make a finding under Section 15091 for each significant effect 
and may need to make a statement of overriding considerations under Section 15093 for 
the project. 
(b) The determination of whether a project may have a significant effect on the 
environment calls for careful judgment on the part of the public agency involved, based 
to the extent possible on scientific and factual data. An ironclad definition of significant 
effect is not always possible because the significance of an activity may vary with the 
setting.  For example, an activity which may not be significant in an urban area may be 
significant in a rural area. 
(c) In determining whether an effect will be adverse or beneficial, the Lead Agency shall 
consider the views held by members of the public in all areas affected as expressed in the 
whole record before the lead agency.  Before requiring the preparation of an EIR, the 
Lead Agency must still determine whether environmental change itself might be 
substantial. 
(d) In evaluating the significance of the environmental effect of a project, the Lead 
Agency shall consider direct physical changes in the environment which may be caused 
by the project and reasonably foreseeable indirect physical changes in the environment 
which may be caused by the project. 
(1) A direct physical change in the environment is a physical change in the environment 
which is caused by and immediately related to the project. Examples of direct physical 
changes in the environment are the dust, noise, and traffic of heavy equipment that would 
result from construction of a sewage treatment plant and possible odors from operation of 
the plant. 
(2) An indirect physical change in the environment is a physical change in the 
environment which is not immediately related to the project, but which is caused 
indirectly by the project.  If a direct physical change in the environment in turn causes 
another change in the environment, then the other change is an indirect physical change 
in the environment.  For example, the construction of a new sewage treatment plant may 
facilitate population growth in the service area due to the increase in sewage treatment 
capacity and may lead to an increase in air pollution. 
(3) An indirect physical change is to be considered only if that change is a reasonably 
foreseeable impact which may be caused by the project.  A change which is speculative 
or unlikely to occur is not reasonably foreseeable. 
(e) Economic and social changes resulting from a project shall not be treated as 
significant effects on the environment.  Economic or social changes may be used, 
however, to determine that a physical change shall be regarded as a significant effect on 
the environment.  Where a physical change is caused by economic or social effects of a 
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project, the physical change may be regarded as a significant effect in the same 
manner as any other physical change resulting from the project.  Alternatively, 
economic and social effects of a physical change may be used to determine that the 
physical change is a significant effect on the environment.  If the physical change 
causes adverse economic or social effects on people, those adverse effects may be 
used as a factor in determining whether the physical change is significant.  For example, 
if a project would cause overcrowding of a public facility and the overcrowding causes an 
adverse effect on people, the overcrowding would be regarded as a significant effect. 
(f) The decision as to whether a project may have one or more significant effects shall be 
based on substantial evidence in the record of the lead agency. 
(1) If the lead agency determines there is substantial evidence in the record that the 
project may have a significant effect on the environment, the lead agency shall prepare an 
EIR (Friends of B Street v. City of Hayward (1980) 106 Cal.App.3d 988).  Said another 
way, if a lead agency is presented with a fair argument that a project may have a 
significant effect on the environment, the lead agency shall prepare an EIR even though it 
may also be presented with other substantial evidence that the project will not have a 
significant effect (No Oil, Inc. v. City of Los Angeles (1974) 13 Cal.3d 68). 
(2) If the lead agency determines there is substantial evidence in the record that the 
project may have a significant effect on the environment but the lead agency determines 
that revisions in the project plans or proposals made by, or agreed to by, the applicant 
would avoid the effects or mitigate the effects to a point where clearly no significant 
effect on the environment would occur and there is no substantial evidence in light of the 
whole record before the public agency that the project, as revised, may have a significant 
effect on the environment then a mitigated negative declaration shall be prepared. 
(3) If the lead agency determines there is no substantial evidence that the project may 
have a significant effect on the environment, the lead agency shall prepare a negative 
declaration (Friends of B Street v. City of Hayward (1980) 106 Cal.App. 3d 988). 
(4) The existence of public controversy over the environmental effects of a project will 
not require preparation of an EIR if there is no substantial evidence before the agency 
that the project may have a significant effect on the environment. 
(5) Argument, speculation, unsubstantiated opinion or narrative, or evidence that is 
clearly inaccurate or erroneous, or evidence that is not credible, shall not constitute 
substantial evidence.  Substantial evidence shall include facts, reasonable assumptions 
predicated upon facts, and expert opinion support by facts. 
(6) Evidence of economic and social impacts that do not contribute to or are not caused 
by physical changes in the environment is not substantial evidence that the project may 
have a significant effect on the environment. 
(7) The provisions of sections 15162, 15163, and 15164 apply when the project being 
analyzed is a change to, or further approval for, a project for which an EIR or negative 
declaration was previously certified or adopted (e.g. a tentative subdivision, conditional 
use permit).  Under case law, the fair argument standard does not apply to determinations 
of significance pursuant to sections 15162, 15163, and 15164. 
(g) After application of the principles set forth above in Section 15064(f)(g), and in 
marginal cases where it is not clear whether there is substantial evidence that a project 
may have a significant effect on the environment, the lead agency shall be guided by the 
following principle: If there is disagreement among expert opinion supported by facts 
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over the significance of an effect on the environment, the Lead Agency shall treat the 
effect as significant and shall prepare an EIR. 
(h)(1) When assessing whether a cumulative effect requires an EIR, the lead agency 
shall consider whether the cumulative impact is significant and whether the effects of 
the project are cumulatively considerable.  An EIR must be prepared if the 
cumulative impact may be significant and the project’s incremental effect, though 
individually limited, is cumulatively considerable.  “Cumulatively considerable” means 
that the incremental effects of an individual project are significant when viewed in 
connection with the effects of past projects, the effects of other current projects, and the 
effects of probable future projects. 
(2) A lead agency may determine in an initial study that a project’s contribution to a 
significant cumulative impact will be rendered less than cumulatively considerable and 
thus is not significant.  When a project might contribute to a significant cumulative 
impact, but the contribution will be rendered less than cumulatively considerable through 
mitigation measures set forth in a mitigated negative declaration, the initial study shall 
briefly indicate and explain how the contribution has been rendered less than 
cumulatively considerable. 
(3) A lead agency may determine that a project’s incremental contribution to a 
cumulative effect is not cumulatively considerable if the project will comply with the 
requirements in a previously approved plan or mitigation program which provides 
specific requirements that will avoid or substantially lessen the cumulative problem (e.g., 
water quality control plan, air quality plan, integrated waste management plan) within the 
geographic area in which the project is located.  Such plans or programs must be 
specified in law or adopted by the public agency with jurisdiction over the affected 
resources through a public review process to implement, interpret, or make specific the 
law enforced or administered by the public agency.  If there is substantial evidence that 
the possible effects of a particular project are still cumulatively considerable 
notwithstanding that the project complies with the specified plan or mitigation program 
addressing the cumulative problem, an EIR must be prepared for the project. 
(4) The mere existence of significant cumulative impacts caused by other projects alone 
shall not constitute substantial evidence that the proposed project’s incremental effects 
are cumulatively considerable. 
 
State CEQA Guidelines – Section 15130, DISCUSSION OF CUMULATIVE 
IMPACTS: 
(a)(3). “An EIR may determine that a project’s contribution to a significant cumulative 
impact will be rendered less than cumulatively considerable and thus is not significant.  A 
project’s contribution is less than cumulatively considerable if the project is required to 
implement or fund its fair share of a mitigation measure or measures designed to alleviate 
the cumulative impact.  The lead agency shall identify facts and analysis supporting its 
conclusion that the contribution will be rendered less than cumulatively considerable.   
 
State CEQA Guidelines – Section 15064.7, THRESHOLDS OF SIGNIFICANCE: 
“Each public agency is encouraged to develop and publish thresholds of significance that 
the agency uses in the determination of the significance of environmental effects.  A 
threshold of significance is an identifiable quantitative, qualitative or performance level 
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of a particular environmental effect, non-compliance with which means the effect 
will normally be determined to be significant by the agency and compliance with 
which means the effect normally will be determined to be less than significant.” 
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AG=Attorney General; ARB=California Air Resources Board; ASTM=American Society for Testing and Material; BAAQMD=Bay Area Air Quality Management District; BEES= Building for Environmental and Economic 
Sustainability; CA=California; Caltrans=California Department of Transportation; CAPs=Criteria Air Pollutants; CCAP=Center for Clean Air Policy; CF=Connectivity Factor; CIWMB=California Integrated Waste 
Management Board; CO= Carbon Monoxide; CO2=Carbon Dioxide; DGS=Department of General Services; DOE=U.S. Department of Energy; DPF=Diesel particulate Filter; E85=85% Ethanol; EERE=Energy Efficiency 
and Renewable Energy; EOE=Encyclopedia of Earth; EPA=U.S. Environmental Protection Agency; ETC=Edmonton Trolley Coalition; EVs/CNG=Electric Vehicles/Compressed Natural Gas; FAR=Floor Area Ratio; 
GHG=Greenhouse Gas; ITE=Institute of Transportation Engineers; kg/m2=kilogram per square meter; km=Kilometer; lb=pound; LEED=Leadership in Energy and Environmental Design; M=Million; NA=Not Available; 
NEV=Neighborhood Electric Vehicle; NIST=National Institute of Standards and Technology; NOX=Oxides of Nitrogen; NREL=National Renewable Energy Laboratory; N/S=North/South; PG&E=Pacific Gas and Electric; 
PM=Particulate Matter; SJVAPCD=San Joaquin Valley Air Pollution Control District; SMAQMD=Sacramento Metropolitan Air Quality Management District; SMUD=Sacramento Municipal Utilities District; SOx=Sulfur 
Oxides; SRI=Solar Reflectance Index; TACs=Toxic Air Contaminants; TDM=Transportation Demand Management; TMA=Transportation Management Association; THC=Total Hydrocarbon; ULEV=Ultra Low Emission 
Vehicle; USGBC=U.S. Green Building Council; and VTPI=Victoria Transit Policy.  
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Table 16 

Mitigation Measure Summary 
Effective Feasible (Yes/No) Secondary 

Effects 
(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

Transportation 
Bicycle/Pedestrian/Transit Measures 
MM T-1: Bike 
Parking 

LD (C, M), I, 
SP, TP, AQP, 
RR, P/Mobile 

Yes: Lockers 
($1,200-
$2,950, 
$700/bike on 
average), 
Racks ($70-
$2,000, 
$70/bike on 
average). 

Yes (Caltrans 
2005, 
Dierkers et al. 
2007, VTPI 
2007) 

Yes 
(Caltrans 
2005, 
Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

Nonresidential projects provide 
plentiful short- and long-term 
bicycle parking facilities to 
meet peak season maximum 
demand (e.g., one bike rack 
space per 20 vehicle/employee 
parking spaces.  

MM T-2: End of 
Trip Facilities 

LD (C, M), I, 
SP, TP, AQP, 
RR, P/Mobile 

Yes Yes (Caltrans 
2005, 
Dierkers et al. 
2007, VTPI 
2007) 

Yes 
(Caltrans 
2005, 
Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

Nonresidential projects provide 
“end-of-trip” facilities including 
showers, lockers, and changing 
space (e.g., four clothes lockers 
and one shower provided for 
every 80 employee parking 
spaces, separate facilities for 
each gender for projects with 
160 or more employee parking 
spaces).  

MM T-3: Bike-
Parking at Multi-

LD (R, M), 
SP, AQP, RR, 

1%-5%/High: CCAP 
presents combined % 
reductions for a range 
of mitigation measures 
(Dierkers et al. 2007). 
SMAQMD allocates 
combined reductions 
among individual 
measures (e.g., 2.5% 
reduction for all 
bicycle-related 
measures and one-
quarter of 2.5% for 
each individual 
measure) (TIAX 2005, 
EDAW 2006, 
SMAQMD 2007). 
VTPI presents % 
reductions for showers 
and combined 
measures in the TDM 
encyclopedia (VTPI 

Yes: Lockers 
($1,200-

Yes (Caltrans 
2005, 

Yes 
(Caltrans 

Adverse: No 
Beneficial: 

Caltrans, Portland Bicycle 
Master Plan (City of 
Portland 1998), CCAP 
Transportation Emissions 
Guidebook (Dierkers et al. 
2007), SMAQMD 
Recommended Guidance 
for Land Use Emission 
Reductions (SMAQMD 
2007), VTPI, CA air 
quality management and 
control districts, and 
cities/counties.  

Long-term bicycle parking is 
provided at apartment 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

Unit Residential P/Mobile $2,950, 
$700/bike on 
average), 
Racks ($70-
$2,000, 
$70/bike on 
average). 

Dierkers et al. 
2007, VTPI 
2007) 

2005, 
Dierkers et 
al. 2007, 
VTPI 2007) 

CAPs, TACs complexes or condominiums 
without garages (e.g., one long-
term bicycle parking space for 
each unit without a garage). 
Long-term facilities shall 
consist of one of the following: 
a bicycle locker, a locked room 
with standard racks and access 
limited to bicyclists only, or a 
standard rack in a location that 
is staffed and/or monitored by 
video surveillance 24 hours per 
day. 

MM T-4: 
Proximity to 
Bike Path/Bike 
Lanes 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

2007). JSA bases 
estimates on CCAP 
information (JSA 
2004).  

Yes Yes (Caltrans 
2005, 
Dierkers et al. 
2007, VTPI 
2007) 

Yes 
(Caltrans 
2005, 
Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

Entire project is located within 
one-half mile of an 
existing/planned Class I or 
Class II bike lane and project 
design includes a comparable 
network that connects the 
project uses to the existing 
offsite facility. Project design 
includes a designated bicycle 
route connecting all units, on-
site bicycle parking facilities, 
offsite bicycle facilities, site 
entrances, and primary building 
entrances to existing Class I or 
Class II bike lane(s) within one-
half mile. Bicycle route 
connects to all streets 
contiguous with project site. 
Bicycle route has minimum 
conflicts with automobile 
parking and circulation 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

facilities. All streets internal to 
the project wider than 75 feet 
have Class II bicycle lanes on 
both sides.  
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM T-5: 
Pedestrian 
Network 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

Yes Yes (Dierkers 
et al. 2007, 
VTPI 2007) 

Yes 
(Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

The project provides a 
pedestrian access network that 
internally links all uses and 
connects to all existing/planned 
external streets and pedestrian 
facilities contiguous with the 
project site. Project design 
includes a designated pedestrian 
route interconnecting all 
internal uses, site entrances, 
primary building entrances, 
public facilities, and adjacent 
uses to existing external 
pedestrian facilities and streets. 
Route has minimal conflict with 
parking and automobile 
circulation facilities. Streets 
(with the exception of alleys) 
within the project have 
sidewalks on both sides. All 
sidewalks internal and adjacent 
to project site are minimum of 
five feet wide. All sidewalks 
feature vertical curbs. 
Pedestrian facilities and 
improvements such as grade 
separation, wider sidewalks, and 
traffic calming are implemented 
wherever feasible to minimize 
pedestrian barriers. All site 
entrances provide pedestrian 
access. 

MM T-6: 
Pedestrian 

LD (R, C, M), 
I, SP, TP, 

1%-10%/High: CCAP 
presents combined % 
reductions for a range 
of mitigation measures 
(Dierkers et al. 2007). 
SMAQMD allocates 
1% for each individual 
measure (TIAX 2005, 
EDAW 2006, 
SMAQMD 2007). 

Yes Yes (Dierkers 
et al. 2007, 

Yes 
(Dierkers et 

Adverse: No 
Beneficial: 

CCAP Transportation 
Emissions Guidebook 
(Dierkers et al. 2007), 
SMAQMD Recommended 
Guidance for Land Use 
Emission Reductions 
(SMAQMD 2007), VTPI, 
CA air quality 
management and control 
districts, and 
cities/counties. 

Site design and building 
placement minimize barriers to 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

Barriers 
Minimized 

AQP, RR, 
P/Mobile 

VTPI 2007) al. 2007, 
VTPI 2007) 

CAPs, TACs pedestrian access and 
interconnectivity. Physical 
barriers such as walls, berms, 
landscaping, and slopes between 
residential and nonresidential 
uses that impede bicycle or 
pedestrian circulation are 
eliminated. 

MM T-7: Bus 
Shelter for 
Existing/Planned 
Transit Service 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

1%-2%/High: CCAP 
presents these % 
reductions (Dierkers et 
al., 2007). SMAQMD 
assigns from .25%-1%, 
depending on headway 
frequency (TIAX 
2005, EDAW 2006, 
SMAQMD 2007). 

Yes: $15,000-
$70,000. 

Yes (Dierkers 
et al. 2007, 
VTPI 2007) 

Yes 
(Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CCAP Transportation 
Emissions Guidebook 
(Dierkers et al. 2007), 
SMAQMD Recommended 
Guidance for Land Use 
Emission Reductions 
(SMAQMD 2007), VTPI, 
City of Calgary (City of 
Calgary 2004), CA air 
quality management and 
control districts, and 
cities/counties. 

Bus or streetcar service provides 
headways of one hour or less for 
stops within one-quarter mile; 
project provides safe and 
convenient bicycle/pedestrian 
access to transit stop(s) and 
provides essential transit stop 
improvements (i.e., shelters, 
route information, benches, and 
lighting). 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM T-8: Traffic 
Calming 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

1%-10%/High: CCAP 
presents combined % 
reductions for a range 
of mitigation measures 
(Dierkers et al. 2007). 
SMAQMD allocates 
.25%-1.0% for each 
individual measure 
depending on percent 
of intersections and 
streets with 
improvements (TIAX 
2005, EDAW 2006, 
SMAQMD 2007). 

Yes Yes (Dierkers 
et al. 2007, 
VTPI 2007) 

Yes 
(Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CCAP Transportation 
Emissions Guidebook 
(Dierkers et al. 2007), 
SMAQMD Recommended 
Guidance for Land Use 
Emission Reductions 
(SMAQMD 2007), VTPI, 
CA air quality 
management and control 
districts, and 
cities/counties. 

Project design includes 
pedestrian/bicycle safety and 
traffic calming measures in 
excess of jurisdiction 
requirements. Roadways are 
designed to reduce motor 
vehicle speeds and encourage 
pedestrian and bicycle trips by 
featuring traffic calming 
features. All sidewalks internal 
and adjacent to project site are 
minimum of five feet wide. All 
sidewalks feature vertical curbs. 
Roadways that converge 
internally within the project are 
routed in such a way as to avoid 
“skewed intersections;” which 
are intersections that meet at 
acute, rather than right, angles. 
Intersections internal and 
adjacent to the project feature 
one or more of the following 
pedestrian safety/traffic calming 
design techniques: marked 
crosswalks, count-down signal 
timers, curb extensions, speed 
tables, raised crosswalks, raised 
intersections, median islands, 
tight corner radii, and 
roundabouts or mini-circles. 
Streets internal and adjacent to 
the project feature pedestrian 
safety/traffic calming measures 
such as on-street parking, 
planter strips with street trees, 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

and chicanes/chokers (variations 
in road width to discourage 
high-speed travel). 

Parking Measures 
MM T-9: Paid 
Parking (Parking 
Cash Out) 

LD (C, M), I, 
SP, TP, AQP, 
RR, P/Mobile 

1%-30%/High: CCAP 
presents a range of 
15%-30% reduction 
for parking programs 
(Dierkers et al. 2007). 
SMAQMD presents a 
range of 1.0%-7.2%, 
depending on cost/day 
and distance to transit 
(TIAX 2005, EDAW 
2006, SMAQMD 
2007). Shoupe presents 
a 21% reduction 
[$5/day for commuters 
to downtown LA, with 
elasticity of -0.18 (e.g., 
if price increases 10%, 
then solo driving goes 
down by 1.8% more)] 
(Shoupe 2005). Urban 
Transit Institute 

Yes: Vary by 
location and 
project size.  

Yes (Dierkers 
et al. 2007, 
VTPI 2007) 

Yes 
(Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CCAP Transportation 
Emissions Guidebook 
(Dierkers et al. 2007), 
SMAQMD Recommended 
Guidance for Land Use 
Emission Reductions 
(SMAQMD 2007), VTPI, 
CA air quality 
management and control 
districts, and 
cities/counties. 

Project provides employee 
and/or customer paid parking 
system. Project must have a 
permanent and enforceable 
method of maintaining user fees 
for all parking facilities. The 
facility may not provide 
customer or employee 
validations. Daily charge for 
parking must be equal to or 
greater than the cost of a transit 
day/monthly pass plus 20%.  
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

presents a range of 
1%-10% reduction in 
trips to central city 
sites, and 2%-4% in 
suburban sites (VTPI 
2007). 

MM T-10: 
Minimum 
Parking 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

1%-30%/High: CCAP 
presents a range of 
15%-30% reduction 
for parking programs 
(Dierkers et al. 2007). 
SMAQMD presents a 
maximum of 6% 
(Nelson/Nygaard 
Consulting Associates, 
2005, TIAX 2005, 
EDAW 2006).  

Yes Yes (Dierkers 
et al. 2007, 
VTPI 2007) 

Yes 
(Dierkers et 
al. 2007, 
VTPI 2007), 
Note that in 
certain areas 
of the state, 
the 
minimum 
parking 
required by 
code is 
greater than 
the peak 
period 
parking 
demand for 
most land 
uses. Simply 
meeting 
minimum 
code 
requirements 
in these 
areas would 
not result in 
an emissions 
reduction. 

Adverse: No 
Beneficial: 
CAPs, TACs 

CCAP Transportation 
Emissions Guidebook 
(Dierkers et al. 2007), 
SMAQMD Recommended 
Guidance for Land Use 
Emission Reductions 
(SMAQMD 2007), VTPI, 
Governor’s Office of 
Smart Growth (Annapolis, 
Maryland) (Zimbler), CA 
air quality management 
and control districts, and 
cities/counties. 
 

Provide minimum amount of 
parking required. Once land 
uses are determined, the trip 
reduction factor associated with 
this measure can be determined 
by utilizing the ITE parking 
generation publication. The 
reduction in trips can be 
computed as shown below by 
the ratio of the difference of 
minimum parking required by 
code and ITE peak parking 
demand to ITE peak parking 
demand for the land uses 
multiplied by 50%.  
Percent Trip Reduction = 50 * 
[(min parking required by code 
– ITE peak parking demand)/ 
(ITE peak parking demand)] 

531 of 900

531 of 900



 

 
AG=Attorney General; ARB=California Air Resources Board; ASTM=American Society for Testing and Material; BAAQMD=Bay Area Air Quality Management District; BEES= Building for Environmental and Economic 
Sustainability; CA=California; Caltrans=California Department of Transportation; CAPs=Criteria Air Pollutants; CCAP=Center for Clean Air Policy; CF=Connectivity Factor; CIWMB=California Integrated Waste 
Management Board; CO= Carbon Monoxide; CO2=Carbon Dioxide; DGS=Department of General Services; DOE=U.S. Department of Energy; DPF=Diesel particulate Filter; E85=85% Ethanol; EERE=Energy Efficiency 
and Renewable Energy; EOE=Encyclopedia of Earth; EPA=U.S. Environmental Protection Agency; ETC=Edmonton Trolley Coalition; EVs/CNG=Electric Vehicles/Compressed Natural Gas; FAR=Floor Area Ratio; 
GHG=Greenhouse Gas; ITE=Institute of Transportation Engineers; kg/m2=kilogram per square meter; km=Kilometer; lb=pound; LEED=Leadership in Energy and Environmental Design; M=Million; NA=Not Available; 
NEV=Neighborhood Electric Vehicle; NIST=National Institute of Standards and Technology; NOX=Oxides of Nitrogen; NREL=National Renewable Energy Laboratory; N/S=North/South; PG&E=Pacific Gas and Electric; 
PM=Particulate Matter; SJVAPCD=San Joaquin Valley Air Pollution Control District; SMAQMD=Sacramento Metropolitan Air Quality Management District; SMUD=Sacramento Municipal Utilities District; SOx=Sulfur 
Oxides; SRI=Solar Reflectance Index; TACs=Toxic Air Contaminants; TDM=Transportation Demand Management; TMA=Transportation Management Association; THC=Total Hydrocarbon; ULEV=Ultra Low Emission 
Vehicle; USGBC=U.S. Green Building Council; and VTPI=Victoria Transit Policy.  
 
 B-9  

Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM T-11: 
Parking 
Reduction 
Beyond 
Code/Shared 
Parking 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

1%-30%/High: CCAP 
presents a range of 
15%-30% reduction 
for parking programs 
(Dierkers et al. 2007). 
SMAQMD presents a 
maximum of 12% 
(Nelson/Nygaard, 
2005, TIAX 2005, 
EDAW 2006). 

Yes Yes (Dierkers 
et al. 2007, 
VTPI 2007) 

Yes 
(Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

Provide parking reduction less 
than code. This measure can be 
readily implemented through a 
shared parking strategy, wherein 
parking is utilized jointly among 
different land uses, buildings, 
and facilities in an area that 
experience peak parking needs 
at different times of day and day 
of the week.  

MM T-12: 
Pedestrian 
Pathway 
Through Parking 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

1%-4%/Moderate: 
CCAP presents 
combined % 
reductions for a range 
of mitigation measures 
(Dierkers et al. 2007). 
SMAQMD allocates 
0.5% reduction for this 
measure (TIAX 2005, 
EDAW 2006, 
SMAQMD 2007).  

Yes Yes (Dierkers 
et al. 2007, 
VTPI 2007) 

Yes 
(Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

Provide a parking lot design that 
includes clearly marked and 
shaded pedestrian pathways 
between transit facilities and 
building entrances. 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM T-13: Off -
Street Parking 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

1%-4%/Moderate: 
CCAP presents 
combined % 
reductions for a range 
of mitigation measures 
(Dierkers et al. 2007). 
SMAQMD allocates a 
range of 0.1%-1.5% 
for this measure 
(TIAX 2005, EDAW 
2006, SMAQMD 
2007). 

Yes Yes (Dierkers 
et al. 2007, 
VTPI 2007) 

Yes 
(Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

Parking facilities are not 
adjacent to street frontage. 

MM T-14: 
Parking Area 
Tree Cover  

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

Annual net CO2 
reduction of 3.1 kg/m2 
canopy 
cover/Moderate 
(McPherson 2001). 

Yes: $19 per 
new tree for 
CA, cost 
varies for 
maintenance, 
removal and 
replacement 
(McPherson 
2001). 

Yes Yes Adverse: 
VOCs 
Beneficial: 
CAPs, TACs  

AG, State of CA 
Department of Justice 
(Goldberg 2007) and 
cities/counties (e.g., 
parking lot ordinances in 
Sacramento, Davis, and 
Los Angeles, CA). 

Provide parking lot areas with 
50% tree cover within 10 years 
of construction, in particular 
low emitting, low maintenance, 
native drought resistant trees. 
Reduces urban heat island effect 
and requirement for air 
conditioning, effective when 
combined with other measures 
(e.g., electrical maintenance 
equipment and reflective paving 
material).  

MM T-15: Valet 
Bicycle Parking  

LD (C, M), 
SP, AQP, TP, 
RR, P/Mobile 

NA/Low Yes Yes Yes: Raley 
Field 
(Sacramento, 
CA) 

Adverse: No 
Beneficial: 
CAPs, TACs 

Raley Field (Sacramento, 
CA). 

Provide spaces for the operation 
of valet bicycle parking at 
community event “centers” such 
as amphitheaters, theaters, and 
stadiums. 

MM T-16: 
Garage Bicycle 
Storage 

LD (R, M), 
SP, AQP, TP, 
RR, P/Mobile 

NA/Low Yes: Less 
than 
$200/multiple 
bike rack. 

Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

City of Fairview, OR Provide storage space in one-car 
garages for bicycles and bicycle 
trailers.  
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM T-17: 
Preferential 
Parking for 
EVs/CNG 
Vehicles 

LD (C, M), I, 
SP, TP, AQP, 
RR, P/Mobile 

NA/Low Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

USGBC, CA air quality 
management and control 
districts and cities/counties 
(e.g., BAAQMD). 
 

Provide preferential parking 
space locations for EVs/CNG 
vehicles. 

MM T-18: 
Reduced/No 
Parking Fee for 
EVs/CNG 
Vehicles 

LD (C, M), I, 
SP, TP, AQP, 
RR, P/Mobile 

NA/Low Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

Hotels (e.g., Argonaut in 
San Francisco, CA) 

Provide a reduced/no parking 
fee for EVs/CNG vehicles. 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

Miscellaneous Measure 
MM T-19: TMA 
Membership 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

1%-28%/High: CCAP 
presents a range of 
3%-25% for TDMs 
with complementary 
transit and land use 
measures (Dierkers et 
al. 2007). VTPI 
presents a range of 
6%-7% in the TDM 
encyclopedia (VTPI 
2007). URBEMIS 
offers a 2%-10% range 
in reductions for a 
TDM that has 5 
elements that are 
pedestrian and transit 
friendly and 1%-5% 
for 3 elements. 
SMAQMD presents a 
reduction of 5% 
(TIAX 2005, EDAW 
2006, SMAQMD 
2007).  

Yes Yes (Dierkers 
et al. 2007, 
VTPI 2007) 

Yes 
(Dierkers et 
al. 2007, 
VTPI 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs  

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Include permanent TMA 
membership and funding 
requirement. Funding to be 
provided by Community 
Facilities District or County 
Service Area or other 
nonrevocable funding 
mechanism. TDMs have been 
shown to reduce employee 
vehicle trips up to 28% with the 
largest reductions achieved 
through parking pricing and 
transit passes. The impact 
depends on the travel 
alternatives.  

MM T-20: 
ULEV 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

NA/Low Yes: Higher 
than 
corresponding 
gasoline 
models. 

Yes Yes: Fueling 
stations 
might not be 
readily 
available 
depending 
on location. 
More than 
900 E85 
fueling 

Adverse: No 
Beneficial: 
CAPs, TACs 

DGS, CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Use of and/or provide ULEV 
that are 50% cleaner than 
average new model cars (e.g., 
natural gas, ethanol, electric). 
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Agency/Organization/Other6 Description/Comments Mitigation 
Measure 
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Project/Source 
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Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

stations in 
the U.S., 5 in 
CA. 
Vehicles 
available in 
select 
regions only 

MM T-21: Flex 
Fuel Vehicles 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

5466.97 lb 
GHG/year/Low (DOE 
Fuel Economy) 

Yes: E85 
costs less than 
gasoline per 
gallon, but 
results in 
lower fuel 
economy. 

Yes Yes: More 
than 900 
E85 fueling 
stations in 
the U.S., 5 in 
CA. 
Vehicles 
available in 
select 
regions only 

Adverse: Yes 
Issues with 
the energy 
intensive 
ethanol 
production 
process (e.g., 
wastewater 
treatment 
requirements). 
Beneficial: 
CAPs, TACs 

DGS, CA air quality 
management and control 
districts and cities/counties 
(e.g., SJVAPCD). 

Use of and/or provide vehicles 
that utilize gasoline/ethanol 
blends (e.g., E85).  

Design 
Commercial & Residential Building Design Measures 

MM D-1: 
Office/Mixed 
Use Density 

LD (C, M), 
SP, TP, AQP, 
RR, P/Mobile 

0.05%-2%/Moderate: 
This range is from 
SMAQMD, depending 

Yes Yes (VTPI 
2007) 

Yes (VTPI 
2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 

Project provides high density 
office or mixed-use proximate 
to transit. Project must provide 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

on FAR and headway 
frequencies 
(Nelson/Nygaard 
Consulting Associates 
2005, EDAW 2006, 
SMAQMD 2007).  

(e.g., SMAQMD). safe and convenient pedestrian 
and bicycle access to all transit 
stops within one-quarter mile.  

MM D-2: 
Orientation to 
Existing/Planned 
Transit, 
Bikeway, or 
Pedestrian 
Corridor 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

0.4%-1%/Moderate: 
CCAP attributes a 
0.5% reduction per 1% 
improvement in transit 
frequency (Dierkers et 
al. 2007). SMAQMD 
presents a range of 
0.25%-5% (JSA 2005, 
EDAW 2006, 
SMAQMD 2007).  

Yes Yes (Dierkers 
et al. 2007) 

Yes 
(Dierkers et 
al. 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Project is oriented towards 
existing transit, bicycle, or 
pedestrian corridor. Setback 
distance between project and 
existing or planned adjacent 
uses is minimized or 
nonexistent. Setback distance 
between different buildings on 
project site is minimized. 
Setbacks between project 
buildings and planned or 
existing sidewalks are 
minimized. Buildings are 
oriented towards existing or 
planned street frontage. Primary 
entrances to buildings are 
located along planned or 
existing public street frontage. 
Project provides bicycle access 
to any planned bicycle 
corridor(s). Project provides 
pedestrian access to any planned 
pedestrian corridor(s). 

MM D-3: 
Services 
Operational 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

0.5%-5%/Moderate Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Project provides on-site shops 
and services for employees. 
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AG=Attorney General; ARB=California Air Resources Board; ASTM=American Society for Testing and Material; BAAQMD=Bay Area Air Quality Management District; BEES= Building for Environmental and Economic 
Sustainability; CA=California; Caltrans=California Department of Transportation; CAPs=Criteria Air Pollutants; CCAP=Center for Clean Air Policy; CF=Connectivity Factor; CIWMB=California Integrated Waste 
Management Board; CO= Carbon Monoxide; CO2=Carbon Dioxide; DGS=Department of General Services; DOE=U.S. Department of Energy; DPF=Diesel particulate Filter; E85=85% Ethanol; EERE=Energy Efficiency 
and Renewable Energy; EOE=Encyclopedia of Earth; EPA=U.S. Environmental Protection Agency; ETC=Edmonton Trolley Coalition; EVs/CNG=Electric Vehicles/Compressed Natural Gas; FAR=Floor Area Ratio; 
GHG=Greenhouse Gas; ITE=Institute of Transportation Engineers; kg/m2=kilogram per square meter; km=Kilometer; lb=pound; LEED=Leadership in Energy and Environmental Design; M=Million; NA=Not Available; 
NEV=Neighborhood Electric Vehicle; NIST=National Institute of Standards and Technology; NOX=Oxides of Nitrogen; NREL=National Renewable Energy Laboratory; N/S=North/South; PG&E=Pacific Gas and Electric; 
PM=Particulate Matter; SJVAPCD=San Joaquin Valley Air Pollution Control District; SMAQMD=Sacramento Metropolitan Air Quality Management District; SMUD=Sacramento Municipal Utilities District; SOx=Sulfur 
Oxides; SRI=Solar Reflectance Index; TACs=Toxic Air Contaminants; TDM=Transportation Demand Management; TMA=Transportation Management Association; THC=Total Hydrocarbon; ULEV=Ultra Low Emission 
Vehicle; USGBC=U.S. Green Building Council; and VTPI=Victoria Transit Policy.  
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM D-4: 
Residential 
Density (Employ 
Sufficient 
Density for New 
Residential 
Development to 
Support the Use 
of Public Transit) 

LD (R, M), 
SP, TP, AQP, 
RR, P/Mobile 

1%-40%/High: #7, 
EPA presents a range 
of 32%-40% (EPA 
2006). SMAQMD 
presents a range of 
1%-12% depending on 
density and headway 
frequencies 
(Nelson/Nygaard 
Consulting Associates 
2005, JSA 2005, 
EDAW 2006, 
SMAQMD 2007). 
Nelson/Nygaard 
presents a trip 
reduction formula: 
Trip Reduction = 
0.6*(1-
(19749*((4.814+ 
households per 
residential 
acre)/(4.814+7.14))^-
06.39)/25914). 

Yes Yes (VTPI 
2007, 
Holtzclaw 
2007) 

Yes (VTPI 
2007, 
Holtzclaw 
2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Project provides high-density 
residential development. Transit 
facilities must be within one-
quarter mile of project border. 
Project provides safe and 
convenient bicycle/pedestrian 
access to all transit stop(s) 
within one-quarter mile of 
project border. 

MM D-5: Street 
Grid 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 

1%/Moderate: 
SMAQMD presents 
this % reduction (JSA 

Yes Yes (Dierkers 
et al. 2007, 
VTPI 2007) 

Yes 
(Dierkers et 
al. 2007, 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 

Multiple and direct street 
routing (grid style). This 
measure only applies to projects 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

P/Mobile 2005, EDAW 2006, 
SMAQMD 2007).  

VTPI 2007) (e.g., SMAQMD). with an internal CF >/= 0.80, 
and average of one-quarter mile 
or less between external 
connections along perimeter of 
project. [CF= # of intersections / 
(# of cul-de-sacs + 
intersections)]. Cul-de-sacs with 
bicycle/pedestrian through 
access may be considered 
“complete intersections” when 
calculating the project’s internal 
connectivity factor. External 
connections are bike/pedestrian 
pathways and access points, or 
streets with safe and convenient 
bicycle and pedestrian access 
that connect the project to 
adjacent streets, sidewalks, and 
uses. If project site is adjacent 
to undeveloped land; streets, 
pathways, access points, and 
right-of-ways that provide for 
future access to adjacent uses 
may count for up to 50% of the 
external connections. Block 
perimeter (the sum of the 
measurement of the length of all 
block sides) is limited to no 
more than 1,350 feet. Streets 
internal to the project should 
connect to streets external to the 
project whenever possible. 
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Management Board; CO= Carbon Monoxide; CO2=Carbon Dioxide; DGS=Department of General Services; DOE=U.S. Department of Energy; DPF=Diesel particulate Filter; E85=85% Ethanol; EERE=Energy Efficiency 
and Renewable Energy; EOE=Encyclopedia of Earth; EPA=U.S. Environmental Protection Agency; ETC=Edmonton Trolley Coalition; EVs/CNG=Electric Vehicles/Compressed Natural Gas; FAR=Floor Area Ratio; 
GHG=Greenhouse Gas; ITE=Institute of Transportation Engineers; kg/m2=kilogram per square meter; km=Kilometer; lb=pound; LEED=Leadership in Energy and Environmental Design; M=Million; NA=Not Available; 
NEV=Neighborhood Electric Vehicle; NIST=National Institute of Standards and Technology; NOX=Oxides of Nitrogen; NREL=National Renewable Energy Laboratory; N/S=North/South; PG&E=Pacific Gas and Electric; 
PM=Particulate Matter; SJVAPCD=San Joaquin Valley Air Pollution Control District; SMAQMD=Sacramento Metropolitan Air Quality Management District; SMUD=Sacramento Municipal Utilities District; SOx=Sulfur 
Oxides; SRI=Solar Reflectance Index; TACs=Toxic Air Contaminants; TDM=Transportation Demand Management; TMA=Transportation Management Association; THC=Total Hydrocarbon; ULEV=Ultra Low Emission 
Vehicle; USGBC=U.S. Green Building Council; and VTPI=Victoria Transit Policy.  
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM D-6: NEV 
Access 

LD (R, C, M), 
SP, TP, AQP, 
RR, P/Mobile 

0.5%-1.5%/Low: 
SMAQMD presents 
this % reduction 
(EDAW 2006, 
SMAQMD 2007). 

Yes Yes (Litman 
1999, 
Sperling 
1994) 

Yes (Litman 
1999, 
Sperling 
1994) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Make physical development 
consistent with requirements for 
neighborhood electric vehicles. 
Current studies show that for 
most trips, NEVs do not replace 
gas-fueled vehicles as the 
primary vehicle. 

MM D-7: 
Affordable 
Housing 
Component 

LD (R, M), 
SP, TP, AQP, 
RR, P/Mobile 

0.4%-6%/Moderate: 
SMAQMD presents 
this % reduction 
(Nelson/Nygaard 
Consulting Associates 
2005, EDAW 2006, 
SMAQMD 2007).  

Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Residential development 
projects of five or more 
dwelling units provide a deed-
restricted low-income housing 
component on-site (or as 
defined in the code). Developers 
who pay into In-Lieu Fee 
Programs are not considered 
eligible to receive credit for this 
measure. The award of emission 
reduction credit shall be based 
only on the proportion of 
affordable housing developed 
on-site because in-lieu programs 
simply induce a net increase in 
development. 
Percentage reduction shall be 
calculated according to the 
following formula: 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

% reduction = % units deed-
restricted below market rate 
housing * 0.04 

MM D-8: 
Recharging Area  

LD (R, M), 
SP, TP, AQP, 
RR, P/Mobile 

NA/Low Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

 Provide residential buildings 
with a “utility” room or space 
for recharging batteries, whether 
for use in a car, electric 
lawnmower, other electric 
landscaping equipment, or even 
batteries for small items such as 
flashlights. 

Mixed-Use Development Measures 
MM D-9: Urban 
Mixed-Use 

LD (M), SP, 
TP, AQP, RR, 
P/Mobile 

3%-9%/Moderate: 
SMAQMD presents 
this % reduction 
(TIAX 2005, EDAW 
2006, SMAQMD 
2007). 

Yes Yes (EPA 
2006) 

Yes (EPA 
2006) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Development of projects 
predominantly characterized by 
properties on which various 
uses, such as office, 
commercial, institutional, and 
residential, are combined in a 
single building or on a single 
site in an integrated 
development project with 
functional interrelationships and 
a coherent physical design. 

MM D-10: 
Suburban Mixed-
Use 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

3%/Moderate: 
SMAQMD presents 
this % reduction 
(TIAX 2005, EDAW 
2006, SMAQMD 
2007). 

Yes Yes (EPA 
2006) 

Yes (EPA 
2006) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Have at least three of the 
following on site and/or offsite 
within one-quarter mile: 
Residential Development, Retail 
Development, Park, Open 
Space, or Office. 

MM D-11: Other 
Mixed-Use 

LD (R, M), 
SP, TP, AQP, 
RR, P/Mobile 

1%/Moderate: 
SMAQMD presents 
this % reduction 
(TIAX 2005, EDAW 

Yes Yes (EPA 
2006) 

Yes (EPA 
2006) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

All residential units are within 
one-quarter mile of parks, 
schools or other civic uses. 

541 of 900

541 of 900



 

 
AG=Attorney General; ARB=California Air Resources Board; ASTM=American Society for Testing and Material; BAAQMD=Bay Area Air Quality Management District; BEES= Building for Environmental and Economic 
Sustainability; CA=California; Caltrans=California Department of Transportation; CAPs=Criteria Air Pollutants; CCAP=Center for Clean Air Policy; CF=Connectivity Factor; CIWMB=California Integrated Waste 
Management Board; CO= Carbon Monoxide; CO2=Carbon Dioxide; DGS=Department of General Services; DOE=U.S. Department of Energy; DPF=Diesel particulate Filter; E85=85% Ethanol; EERE=Energy Efficiency 
and Renewable Energy; EOE=Encyclopedia of Earth; EPA=U.S. Environmental Protection Agency; ETC=Edmonton Trolley Coalition; EVs/CNG=Electric Vehicles/Compressed Natural Gas; FAR=Floor Area Ratio; 
GHG=Greenhouse Gas; ITE=Institute of Transportation Engineers; kg/m2=kilogram per square meter; km=Kilometer; lb=pound; LEED=Leadership in Energy and Environmental Design; M=Million; NA=Not Available; 
NEV=Neighborhood Electric Vehicle; NIST=National Institute of Standards and Technology; NOX=Oxides of Nitrogen; NREL=National Renewable Energy Laboratory; N/S=North/South; PG&E=Pacific Gas and Electric; 
PM=Particulate Matter; SJVAPCD=San Joaquin Valley Air Pollution Control District; SMAQMD=Sacramento Metropolitan Air Quality Management District; SMUD=Sacramento Municipal Utilities District; SOx=Sulfur 
Oxides; SRI=Solar Reflectance Index; TACs=Toxic Air Contaminants; TDM=Transportation Demand Management; TMA=Transportation Management Association; THC=Total Hydrocarbon; ULEV=Ultra Low Emission 
Vehicle; USGBC=U.S. Green Building Council; and VTPI=Victoria Transit Policy.  
 
 B-19  

Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

2006, SMAQMD 
2007). 

MM D-12: Infill 
Development 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

3%-30%/High: Infill 
development reduces 
vehicle trips and VMT 
by 3% and 20%, 
respectively (Fehr & 
Peers 2007). CCAP 
identifies a site level 
VMT reduction range 
of 20%-30% (Dierkers 
et al. 2007). 

Yes Yes (Dierkers 
et al. 2007)  

Yes 
(Dierkers et 
al. 2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Project site is on a vacant infill 
site, redevelopment area, or 
brownfield or greyfield lot that 
is highly accessible to regional 
destinations, where the 
destinations rating of the 
development site (measured as 
the weighted average travel time 
to all other regional 
destinations) is improved by 
100% when compared to an 
alternate greenfield site. 

Miscellaneous Measures 
MM D-13: 
Electric 
Lawnmower 

LD (R, M), 
SP, AQP, RR, 
P/Area 

1%/Low: SMAQMD 
presents this % 
reduction (EDAW 
2006, SMAQMD 
2007). 

Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Provide a complimentary 
electric lawnmower to each 
residential buyer. 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM D-14: 
Enhanced 
Recycling/Waste 
Reduction, 
Reuse, 
Composting 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary 
& Area 

NA/Low Yes Yes Yes: 
Association 
with social 
awareness. 

Adverse: No 
Beneficial: 
CAPs, TACs 

CIWMB Provide infrastructure/education 
that promotes the avoidance of 
products with excessive 
packaging, recycle, buying of 
refills, separating of food and 
yard waste for composting, and 
using rechargeable batteries. 

MM D-15: 
LEED 
Certification 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary 
& Area 

NA/Moderate Yes: Receive 
tax rebates, 
incentives 
(e.g., EDAW 
San Diego 
office interior 
remodel cost 
$1,700,000 
for 32,500 
square feet) 
(USGBC 
2007) 

Yes Yes: More 
than 700 
buildings of 
different 
certifications 
in CA 
(USGBC 
2007). 

Adverse: No 
Beneficial: 
CAPs, TACs 

USGBC, CA air quality 
management and control 
districts and cities/counties 
(e.g., BAAQMD). 

LEED promotes a whole-
building approach to 
sustainability by recognizing 
performance in five key areas of 
human and environmental 
health: sustainable site 
development, water savings, 
energy efficiency, materials 
selection, and indoor 
environmental quality. 

MM D-16: 
Retro-
Commissioning 

LD (C, M), I, 
SP, AQP, RR, 
P/Stationary 
& Area 

8%-10% reduction in 
energy 
usage/Moderate: (Mills 
et al. 2004) 

Yes: Average 
$0.28/square 

feet, varies 
with building 
size (Haasl 
and Sharp 
1999). 

Yes Yes: 27 
projects 
underway in 
CA, 21 more 
to be 
completed in 
2007, mostly 
state 
buildings 
owned by 
DGS (DGS 
2007). 

Adverse: No 
Beneficial: 
CAPs, TACs 

DGS, CA air quality 
management and control 
districts and cities/counties 
(e.g., BAAQMD). 

The process ensures that all 
building systems perform 
interactively according to the 
contract documents, the design 
intent and the owner’s 
operational needs to optimize 
energy performance. 

MM D-17 
Landscaping  

LD (R, C, M), 
I, SP, AQP, 
RR, 

NA/Low Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

Alliance for the 
Chesapeake Bay, EPA 
Green Landscaping 

Project shall use drought 
resistant native trees, trees with 
low emissions and high carbon 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

P/Stationary 
& Area 

Resources sequestration potential. 
Evergreen trees on the north and 
west sides afford the best 
protection from the setting 
summer sun and cold winter 
winds. Additional 
considerations include the use 
of deciduous trees on the south 
side of the house that will admit 
summer sun; evergreen 
plantings on the north side will 
slow cold winter winds; 
constructing a natural planted 
channel to funnel summer 
cooling breezes into the house. 
Neighborhood CCR’s not 
requiring that front and side 
yards of single family homes be 
planted with turf grass. 
Vegetable gardens, bunch grass, 
and low-water landscaping shall 
also be permitted, or even 
encouraged. 

MM D-18: Local 
Farmers’ Market 

LD (M), 
SP/Mobile, 
Stationary, & 

NA/Low Yes Yes Yes: 
Associated 
with social 

Adverse: No 
Beneficial: 
CAPs, TACs 

Cities/counties (e.g., 
Davis, Sacramento) 

Project shall dedicate space in a 
centralized, accessible location 
for a weekly farmers’ market. 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

Area choice and 
public 
awareness.  

MM D-19: 
Community 
Gardens 

LD (M), 
SP/Mobile, 
Stationary, & 
Area 

NA/Low Yes Yes Yes: 
Associated 
with social 
choice and 
public 
awareness.  

Adverse: No 
Beneficial: 
CAPs, TACs 

Cities/counties (e.g., 
Davis) 

Project shall dedicate space for 
community gardens.  

Energy Efficiency/Building Component 
MM E-1: High-
Efficiency 
Pumps 

LD (R, C, M), 
SP, AQP, RR, 
P/Stationary 
& Area 

NA/Low Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., BAAQMD). 

Project shall use high-efficiency 
pumps.  

MM E-2: Wood 
Burning 
Fireplaces/Stoves 

LD (R, M), 
SP, AQP, RR, 
P/Stationary 
& Area 

NA/Low: EDAW 2006 Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Project does not feature 
fireplaces or wood burning 
stoves. 

MM E-3: 
Natural Gas 
Stove 

LD (R, M), 
SP, AQP, RR, 
P/Stationary 
& Area 

NA/Low: EDAW 2006 Yes: Cost of 
stove—$350 
(gas) and 
$360 
(electric) 
same brand, 
total yearly 
cost of $42.17 
as opposed to 
$56.65 for 
electric 
(Saving 
Electricity 
2006). 

Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Project features only natural gas 
or electric stoves in residences. 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM E-4: 
Energy Star Roof 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary 
& Area 

0.5%-1%/Low: 
SMAQMD presents 
this % reduction 
(EDAW 2006, 
SMAQMD 2007).  

Yes Yes Yes: 866 
Energy Star 
labeled 
buildings in 
California 
(Energy Star 
2007) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Project installs Energy Star 
labeled roof materials. 

MM E-5: On-
site Renewable 
Energy System 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary 
& Area 

1%-3%/Moderate: 
SMAQMD presents 
this % reduction 
(USGBC 2002 and 
2005, EDAW 2006, 
SMAQMD 2007).  

Yes Yes (USGBC 
2002 and 
2005) 

Yes 
(USGBC 
2002 and 
2005) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Project provides onsite 
renewable energy system(s). 
Nonpolluting and renewable 
energy potential includes solar, 
wind, geothermal, low-impact 
hydro, biomass and bio-gas 
strategies. When applying these 
strategies, projects may take 
advantage of net metering with 
the local utility.  
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM E-6: 
Exceed Title 24 

LD (R, C, M), 
I, GSP, AQP, 
RR, 
P/Stationary 
& Area 

1%/Moderate: 
SMAQMD presents 
this % reduction 
(EDAW 2006, 
SMAQMD 2007).  

Yes Yes (PG&E 
2002, SMUD 
2006) 

Yes (PG&E 
2002, 
SMUD 
2006) 

Adverse: No 
Beneficial: 
CAPs, TACs 

PG&E, SMUD, CA air 
quality management and 
control districts and 
cities/counties (e.g., 
SMAQMD). 

Project exceeds title 24 
requirements by 20%. 

MM E-7: Solar 
Orientation 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary 
& Area 

0.5%/Low: SMAQMD 
presents this % 
reduction (EDAW 
2006, SMAQMD 
2007). 

Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Project orients 75% or more of 
homes and/or buildings to face 
either north or south (within 30° 
of N/S). Building design 
includes roof overhangs that are 
sufficient to block the high 
summer sun, but not the lower 
winter sun, from penetrating 
south facing windows. Trees, 
other landscaping features and 
other buildings are sited in such 
a way as to maximize shade in 
the summer and maximize solar 
access to walls and windows in 
the winter. 

MM E-8: 
Nonroof 
Surfaces 

LD (R, C, M), 
I, GSP, AQP, 
RR, 
P/Stationary 
& Area 

1.0%/Low: SMAQMD 
presents this % 
reduction (EDAW 
2006, SMAQMD 
2007). 

Yes Yes (USGBC 
2002 and 
2005) 

Yes 
(USGBC 
2002 and 
2005) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Provide shade (within 5 years) 
and/or use light-colored/high-
albedo materials (reflectance of 
at least 0.3) and/or open grid 
pavement for at least 30% of the 
site’s nonroof impervious 
surfaces, including parking lots, 
walkways, plazas, etc.; OR 
place a minimum of 50% of 
parking spaces underground or 
covered by structured parking; 
OR use an open-grid pavement 
system (less than 50% 
impervious) for a minimum of 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

50% of the parking lot area. The 
mitigation measure reduces heat 
islands (thermal gradient 
differences between developed 
and undeveloped areas to 
minimize impact on 
microclimate and human and 
wildlife habitats. This measure 
requires the use of patented or 
copyright protected 
methodologies created by the 
ASTM. The SRI is a measure of 
the constructed surface’s ability 
to reflect solar heat, as shown 
by a small rise in temperature. It 
is defined so that a standard 
black (reflectance 0.05, 
emittance 0.90) is “0” and a 
standard white (reflectance 
0.80, emittance 0.90) is 100. To 
calculate SRI for a given 
material, obtain the reflectance 
value and emittance value for 
the material. SRI is calculated 
according to ASTM E 1980-01. 
Reflectance is measured 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

according to ASTM E 903, 
ASTM E 1918, or ASTM C 
1549. Emittance is measured 
according to ASTM E 408 or 
ASTM C 1371. Default values 
for some materials will be 
available in the LEED-NC v2.2 
Reference Guide. 

MM E-9: Low-
Energy Cooling 

LD (C, M), I, 
SP, AQP, RR, 
P/Stationary 
& Area 

1%-10%/Low: EDAW 
presents this percent 
reduction range 
(EDAW 2006). 

Yes Yes (USGBC 
2002 and 
2005) 

Yes 
(USGBC 
2002 and 
2005) 

Adverse: No 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Project optimizes building’s 
thermal distribution by 
separating ventilation and 
thermal conditioning systems. 

MM E-10: 
Green Roof 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary 
& Area 

1.0%/Moderate: 
SMAQMD presents 
this % reduction 
(EDAW 2006, 
SMAQMD 2007). 

Yes Yes (USGBC 
2002 and 
2005) 

Yes 
(USGBC 
2002 and 
2005) 

Adverse: 
Increased 
Water 
Consumption 
Beneficial: 
CAPs, TACs 

CA air quality 
management and control 
districts and cities/counties 
(e.g., SMAQMD). 

Install a vegetated roof that 
covers at least 50% of roof area. 
The reduction assumes that a 
vegetated roof is installed on a 
least 50% of the roof area or 
that a combination high albedo 
and vegetated roof surface is 
installed that meets the 
following standard: (Area of 
SRI Roof/0.75)+(Area of 
vegetated roof/0.5) >= Total 
Roof Area. Water consumption 
reduction measures shall be 
considered in the design of the 
green roof.  

MM E-11: EV 
Charging 
Facilities 

LD (C, M), 
SP, AQP, RR, 
P/Stationary 
& Area 

NA/Low Yes: $500-
$5000/ 
vehicle site 
(PG&E 1999)

Yes Yes: 381 
facilities in 
CA (Clean 
Air Maps 
2007). 

Adverse: No 
Beneficial: 
CAPs, TACs 

DOE, EERE, CA air 
quality management and 
control districts and 
cities/counties (e.g., 
BAAQMD). 

Project installs EV charging 
facilities.  

MM E-12: LD (R, C, M), NA/Low: Increasing Yes: Light Yes Yes: Apply Adverse: No  Project provides light-colored 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

Light-Colored 
Paving  

I, SP, AQP, 
RR, 
P/Stationary 
& Area 

the albedo of 1,250 km 
of pavement by 0.25 
would save cooling 
energy worth $15M 
per year. 

colored 
aggregates 
and white 
cement are 
more 
expensive 
than gray 
cement. 
Certain 
blended 
cements are 
very light in 
color and may 
reflect 
similarly to 
white cement 
at an 
equivalent 
cost to normal 
gray cement. 

natural sand 
or gravel 
colored 
single 
surface 
treatments to 
asphalt 
(EOE 2007). 

Beneficial: 
CAPs, TACs 

paving (e.g., increased albedo 
pavement). 

MM E-13: Cool 
Roofs 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary 
& Area 

NA/Low Yes: 0.75–
1.5/square 
feet coating 
(EPA 2007a) 

Yes Yes: Over 
90% of the 
roofs in the 
United 
States are 
dark colored 

Adverse: No 
Beneficial: 
CAPs, TACs 

CEC Project provides cool roofs. 
Highly reflective, highly 
emissive roofing materials that 
stay 50-60°F cooler than a 
normal roof under a hot summer 
sun. CA’s Cool Savings 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

(EPA 
2007a). 

Program provided rebates to 
building owners for installing 
roofing materials with high 
solar reflectance and thermal 
emittance. The highest rebate 
went to roofs on air conditioned 
buildings, while buildings with 
rooftop ducts and other 
nonresidential buildings were 
eligible for slightly less. The 
program aimed to reduce peak 
summer electricity demand and 
was administered by the CEC. 

MM E-14: Solar 
Water Heaters 

LD (R, M), 
SP, AQP, RR, 
P/Stationary 
& Area 

20%–70% reduction in 
cooling energy 
needs/Moderate 

Yes: 
$1675/20 
square feet, 
requires a 50 
gallon tank, 
annual 
operating cost 
of $176 (DOE 
2007).  

Yes Yes: Based 
on solar 
orientation, 
building 
codes, 
zoning 
ordinances. 

Adverse: No 
Beneficial: 
CAPs, TACs 

Europe Project provides solar water 
heaters.  

MM E-15: 
Electric Yard 
Equipment 
Compatibility 

LD (R, M), 
SP, AQP, RR, 
P/Stationary 
& Area 

NA/Low Yes: $75–
$250/outlet 
from existing 
circuit (Cost 
Helper 2007). 

Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

  Project provides electrical 
outlets at building exterior 
areas. 

MM E-16: 
Energy Efficient 
Appliance 
Standards 

LD (R, C, M), 
SP, AQP, RR, 
P/Stationary 
& Area 

NA/Low Yes: Varies 
for each 
appliance—
higher capital 
costs, lower 
operating 
costs (Energy 

Yes Yes: Major 
retail stores. 

Adverse: No 
Beneficial: 
CAPs, TACs 

  Project uses energy efficient 
appliances (e.g., Energy Star).  
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

Star 2007).  
MM E-17: 
Green Building 
Materials 

LD (R, C, M), 
SP, AQP, RR, 
P/Stationary 
& Area 

NA/Low: 25-30% 
more efficient on 
average. 

Yes Yes: BEES 
software 
allows users 
to balance the 
environmental 
and economic 
performance 
of building 
products; 
developed by 
NIST (NIST 
2007).  

Yes Adverse: No 
Beneficial: 
CAPs, TACs 

  Project uses materials which are 
resource efficient, recycled, 
with long life cycles and 
manufactured in an 
environmentally friendly way. 

MM E-18: 
Shading 
Mechanisms 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary, 
& Area 

NA/Low: Up to $450 
annual energy savings 
(Energy Star 2007). 

Yes: Higher 
capital costs, 
lower 
operating and 
maintenance 
costs (Energy 
Star 2007). 

Yes Yes: Major 
retail stores. 

Adverse: No 
Beneficial: 
CAPs, TACs 

  Install energy-reducing shading 
mechanisms for windows, 
porch, patio and walkway 
overhangs. 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

MM E-19: 
Ceiling/Whole-
House Fans 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary, 
& Area 

NA/Low: 50% more 
efficient than 
conventional fans 
(Energy Star 2007). 

Yes: $45-
$200/fan, 
installation 
extra (Lowe’s 
2007).  

Yes Yes: Major 
retail stores. 

Adverse: No 
Beneficial: 
CAPs, TACs 

  Install energy-reducing 
ceiling/whole-house fans. 

MM E-20: 
Programmable 
Thermostats 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary, 
& Area 

NA/Low: $100 annual 
savings in energy costs 
(Energy Star 2007). 

Yes: 
$60/LCD 
display and 4 
settings for 
typical 
residential 
use (Lowe’s 
2007).  

Yes Yes: Major 
retail stores. 

Adverse: Yes, 
Mercury 
Beneficial: 
CAPs, TACs  

  Install energy-reducing 
programmable thermostats that 
automatically adjust 
temperature settings.  

MM E-21: 
Passive Heating 
and Cooling 
Systems 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary, 
& Area 

NA/Low Yes: $800 
(wall heaters) 
to $4,000+ 
(central 
systems) 

Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

  Install energy-reducing passive 
heating and cooling systems 
(e.g., insulation and ventilation). 

MM E-22: Day 
Lighting Systems  

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary, 
& Area 

NA/Low Yes: $1,300 
to $1,500 
depending 
upon the kind 
of roof 
(Barrier 
1995), 
installation 
extra. 

Yes Yes: Work 
well only for 
space near 
the roof of 
the building, 
little benefit 
in multi-
floor 
buildings.  

Adverse: No 
Beneficial: 
CAPs, TACs 

  Install energy-reducing day 
lighting systems (e.g., skylights, 
light shelves and interior 
transom windows).  

MM E-23: Low-
Water Use 
Appliances 

LD (R, C, M), 
I, SP, AQP, 
RR, 
P/Stationary, 
& Area 

NA/Low: Avoided 
water agency cost for 
using water-efficient 
kitchen pre-rinse spray 
valves of $65.18 per 
acre-foot.  

Yes: Can 
return their 
cost through 
reduction in 
water 
consumption, 

Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

  Require the installation of low-
water use appliances. 
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(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
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Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

pumping, and 
treatment. 

MM E-24: 
Goods Transport 
by Rail 

LD (C, M), I, 
SP, AQP, RR, 
P/Mobile 

NA/Moderate Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

ARB Goods Movement 
Plan (ARB 2007) 

Provide a spur at nonresidential 
projects to use nearby rail for 
goods movement.  

Social Awareness/Education 
MM S-1: GHG 
Emissions 
Reductions 
Education 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile, 
Stationary, & 
Mobile 

NA/Low Yes Yes Yes: Similar 
programs 
currently 
exist in CA. 

Adverse: No 
Beneficial: 
CAPs, TACs 

  Provide local governments, 
businesses, and residents with 
guidance/protocols/information 
on how to reduce GHG 
emissions (e.g., energy saving, 
food miles). 

MM S-2: School 
Curriculum  

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile, 
Stationary, & 
Mobile 

NA/Low Yes Yes Yes: Similar 
programs 
currently 
exist in CA. 

Adverse: No 
Beneficial: 
CAPs, TACs 

  Include how to reduce GHG 
emissions (e.g., energy saving, 
food miles) in the school 
curriculum.  

Construction 
MM C-1: ARB-
Certified Diesel 
Construction 
Equipment 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

NA/Low Yes: 
Oxidation 
Catalysts, 
$1,000-

Yes Yes Adverse: Yes, 
NOx 
Beneficial: 
CAPs, TACs 

AG, EPA, ARB, and CA 
air quality management 
and pollution control 
districts.  

Use ARB-certified diesel 
construction equipment. 
Increases CO2 emissions when 
trapped CO and carbon particles 
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

$2,000. 
DPF, $5000-
$10,000; 
installation 
extra (EPA 
2007b). 

are oxidized (Catalyst Products 
2007, ETC 2007).  

MM C-2: 
Alternative Fuel 
Construction 
Equipment 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

NA/Low Yes Yes Yes Adverse: Yes, 
THC, NOx 
Beneficial: 
CO, PM, SOx 

AG, EPA, ARB, and CA 
air quality management 
and pollution control 
districts. 

Use alternative fuel types for 
construction equipment. At the 
tailpipe biodiesel emits 10% 
more CO2 than petroleum 
diesel. Overall lifecycle 
emissions of CO2 from 100% 
biodiesel are 78% lower than 
those of petroleum diesel 
(NREL 1998, EPA 2007b). 

MM C-3: Local 
Building 
Materials 

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

NA/Low Yes Yes Yes: 
Depends on 
location of 
building 
material 
manufacture 
sites. 

Adverse: No 
Beneficial: 
CAPs, TACs 

  Use locally made building 
materials for construction of the 
project and associated 
infrastructure.  

MM C-4: 
Recycle 
Demolished 
Construction 
Material  

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile 

NA/Low Yes Yes Yes Adverse: No 
Beneficial: 
CAPs, TACs 

  Recycle/Reuse demolished 
construction material. Use 
locally made building materials 
for construction of the project 
and associated infrastructure.  
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AG=Attorney General; ARB=California Air Resources Board; ASTM=American Society for Testing and Material; BAAQMD=Bay Area Air Quality Management District; BEES= Building for Environmental and Economic 
Sustainability; CA=California; Caltrans=California Department of Transportation; CAPs=Criteria Air Pollutants; CCAP=Center for Clean Air Policy; CF=Connectivity Factor; CIWMB=California Integrated Waste 
Management Board; CO= Carbon Monoxide; CO2=Carbon Dioxide; DGS=Department of General Services; DOE=U.S. Department of Energy; DPF=Diesel particulate Filter; E85=85% Ethanol; EERE=Energy Efficiency 
and Renewable Energy; EOE=Encyclopedia of Earth; EPA=U.S. Environmental Protection Agency; ETC=Edmonton Trolley Coalition; EVs/CNG=Electric Vehicles/Compressed Natural Gas; FAR=Floor Area Ratio; 
GHG=Greenhouse Gas; ITE=Institute of Transportation Engineers; kg/m2=kilogram per square meter; km=Kilometer; lb=pound; LEED=Leadership in Energy and Environmental Design; M=Million; NA=Not Available; 
NEV=Neighborhood Electric Vehicle; NIST=National Institute of Standards and Technology; NOX=Oxides of Nitrogen; NREL=National Renewable Energy Laboratory; N/S=North/South; PG&E=Pacific Gas and Electric; 
PM=Particulate Matter; SJVAPCD=San Joaquin Valley Air Pollution Control District; SMAQMD=Sacramento Metropolitan Air Quality Management District; SMUD=Sacramento Municipal Utilities District; SOx=Sulfur 
Oxides; SRI=Solar Reflectance Index; TACs=Toxic Air Contaminants; TDM=Transportation Demand Management; TMA=Transportation Management Association; THC=Total Hydrocarbon; ULEV=Ultra Low Emission 
Vehicle; USGBC=U.S. Green Building Council; and VTPI=Victoria Transit Policy.  
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

Miscellaneous 
MM M-1: Off-
Site Mitigation 
Fee Program  

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile & 
Area 

NA/Moderate-High: 
Though there is 
currently no program 
in place, the potential 
for real and 
quantifiable reductions 
of GHG emissions 
could be high if a 
defensible fee program 
were designed.  

Yes Yes No: Program 
does not 
exist in CA, 
but similar 
programs 
currently 
exist (e.g., 
Carl Moyer 
Program, 
SJVAPCD 
Rule 9510, 
SMAQMD 
Off-Site 
Construction 
Mitigation 
Fee 
Program). 

Adverse: No 
Beneficial: 
CAPs, TACs 

  Provide/Pay into an off-site 
mitigation fee program, which 
focuses primarily on reducing 
emissions from existing 
development and buildings 
through retro-fit (e.g., increased 
insulation).  

MM M-2: Offset 
Purchase  

LD (R, C, M), 
I, SP, TP, 
AQP, RR, 
P/Mobile, 
Stationary, & 
Area 

NA/Low Yes Yes No: ARB 
has not 
adopted 
official 
program, but 
similar 
programs 

No   Provide/purchase offsets for 
additional emissions by 
acquiring carbon credits or 
engaging in other market “cap 
and trade” systems.  
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Table 16 
Mitigation Measure Summary 

Effective Feasible (Yes/No) Secondary 
Effects 

(Yes/No) 

Agency/Organization/Other6 Description/Comments Mitigation 
Measure 

Applicable 
Project/Source 

Type1 
Emissions 

Reduction/Score2 
Cost (Yes/No)3 Technical4 Logistical5    

currently 
exist. 

Regional Transportation Plan Measures 
MM RTP-1: 
Dedicate High 
Occupancy 
Vehicle (HOV) 
lanes prior to 
adding capacity 
to existing 
highways. 

RTP  Yes Yes Yes Adverse: 
possible local  
CO 
Beneficial: 
regional 
CAPs, TACs 

Caltrans, local government Evaluate the trip reduction (and 
GHG reduction) potential of 
adding HOV lanes prior to 
adding standard lanes. 

MM RTP-2: 
Implement 
toll/user fee 
programs prior to 
adding capacity 
to existing 
highways. 

RTP  Yes Yes Yes Adverse: 
possible local 
CO. 
Beneficial: 
regional 
CAPs, TACs 

Caltrans Evaluate price elasticity and 
associated trip reduction (and 
GHG reduction) potential with 
adding or increasing tolls prior 
to adding capacity to existing 
highways.  

Note:  
1 Where LD (R, C, M) =Land Development (Residential, Commercial, Mixed-Use), I=Industrial, GP=General Plan, SP=Specific Plan, TP=Transportation Plans, AQP=Air Quality Plans, RR=Rules/Regulations, 
and P=Policy. It is important to note that listed project types may not be directly specific to the mitigation measure (e.g., TP, AQP, RR, and P) as such could apply to a variety of source types, especially RR 
and P.  
2 This score system entails ratings of high, moderate, and low that refer to the level of the measure to provide a substantive, reasonably certain (e.g., documented emission reductions with proven 
technologies), and long-term reduction of GHG emissions.  
3 Refers to whether the measure would provide a cost-effective reduction of GHG emissions based on available documentation. 
4 Refers to whether the measure is based on currently, readily available technology based on available documentation.  
5 Refers to whether the measure could be implemented without extraordinary effort based on available documentation.  
6 List is not meant to be all inclusive. 
Source: Data complied by EDAW in 2007  
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Table 17 
General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

MS G-1: Adopt a GHG 
reduction plan 

GP/ Mobile, 
Stationary, & Area 

City of San 
Bernardino  

- Adopt GHG reduction targets for the planning area, based on the current legislation providing 
direction for state-wide targets, and update the plan as necessary. 
 
-The local government agency should serve as a model by inventorying its GHG emissions from agency 
operations, and implementing those reduction goals. 

Circulation 

MS G-2: Provide for 
convenient and safe local 
travel  

GP/ Mobile 
 Cities/Counties 

(e.g., Aliso Viejo, 
Claremont) 

- Create a gridded street pattern with small block sizes. This promotes walkability through direct 
routing and ease of navigation.  
 
-Maintain a high level of connectivity of the roadway network. Minimize cul-de-sacs and incomplete 
roadway segments.   
 
-Plan and maintain an integrated, hierarchical and multi-modal system of roadways, pedestrian walks, 
and bicycle paths throughout the area.  
 
-Apply creative traffic management approaches to address congestion in areas with unique problems, 
particularly on roadways and intersections in the vicinity of schools in the morning and afternoon peak 
hours, and near churches, parks and community centers. 
 
-Work with adjacent jurisdictions to address the impacts of regional development patterns (e.g. 
residential development in surrounding communities, regional universities, employment centers, and 
commercial developments) on the circulation system.  
 
-Actively promote walking as a safe mode of local travel, particularly for children attending local 
schools. -Employ traffic calming methods such as median landscaping and provision of bike or transit 
lanes to slow traffic, improve roadway capacity, and address safety issues. 

MS G-3: Enhance the 
regional transportation 
network and maintain 
effectiveness 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont)  

 -Encourage the transportation authority to reduce fees for short distance trips.  
 
-Ensure that improvements to the traffic corridors do not negatively impact the operation of local 
roadways and land uses. 
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Table 17 
General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

-Cooperate with adjacent jurisdictions to maintain adequate service levels at shared intersections and to 
provide adequate capacity on regional routes for through traffic. 
 
-Support initiatives to provide better public transportation. Work actively to ensure that public 
transportation is part of every regional transportation corridor. 
 
- Coordinate the different modes of travel to enable users to transfer easily from one mode to another. 
 
-Work to provide a strong paratransit system that promotes the mobility of all residents and educate 
residents about local mobility choices. 
- Promote transit-oriented development to facilitate the use of the community’s transit services. 

MS G-4: Promote and 
support an efficient public 
transportation network 
connecting activity 
centers in the area to each 
other and the region. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

-Promote increased use of public transportation and support efforts to increase bus service range and 
frequency within the area as appropriate. 
 
-Enhance and encourage provision of attractive and appropriate transit amenities, including shaded bus 
stops, to encourage use of public transportation. 
 
-Encourage the school districts, private schools and other operators to coordinate local bussing and to 
expand ride-sharing programs.  All bussing options should be fully considered before substantial 
roadway improvements are made in the vicinity of schools to ease congestion. 

MS G-5: Establish and 
maintain a comprehensive 
system, which is safe and 
convenient, of pedestrian 
ways and bicycle routes 
that provide viable 
options to travel by 
automobile. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

-Improve area sidewalks and rights-of-way to make them efficient and appealing for walking and 
bicycling safely.  Coordinate with adjacent jurisdictions and regional agencies to improve pedestrian 
and bicycle trails, facilities, signage, and amenities.  
 
-Provide safe and convenient pedestrian and bicycle connections to and from town centers, other 
commercial districts, office complexes, neighborhoods, schools, other major activity centers, and 
surrounding communities. 
 
-Work with neighboring jurisdictions to provide well-designed pedestrian and bicycle crossings of 
major roadways.  
 
-Promote walking throughout the community. Install sidewalks where missing and make improvements 
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Table 17 
General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

to existing sidewalks for accessibility purposes. Particular attention should be given to needed sidewalk 
improvement near schools and activity centers. 
 
-Encourage businesses or residents to sponsor street furniture and landscaped areas. 
 
- Strive to provide pedestrian pathways that are well shaded and pleasantly landscaped to encourage 
use. 
 
- Attract bicyclists from neighboring communities to ride their bicycles or to bring their bicycles on the 
train to enjoy bicycling around the community and to support local businesses. 
 
- Meet guidelines to become nationally recognized as a Bicycle-Friendly community. 
 
- Provide for an education program and stepped up code enforcement to address and minimize 
vegetation that degrades access along public rights-of-way.  
 
-Engage in discussions with transit providers to increase the number of bicycles that can be 
accommodated on buses 

MS G-6: Achieve 
optimum use of regional 
rail transit. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

-Support regional rail and work with rail authority to expand services. 
 
- Achieve better integration of all transit options. 
 
-Work with regional transportation planning agencies to finance and provide incentives for multimodal 
transportation systems. 
 
- Promote activity centers and transit-oriented development projects around the transit station. 

MS G-7: Expand and 
optimize use of local and 
regional bus and transit 
systems. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

-Encourage convenient public transit service between area and airports. 
 
-Support the establishment of a local shuttle to serve commercial centers. 
 
-Promote convenient, clean, efficient, and accessible public transit that serves transit-dependent riders 
and attracts discretionary riders as an alternative to reliance on single-occupant automobiles. 
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Table 17 
General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

 
- Empower seniors and those with physical disabilities who desire maximum personal freedom and 
independence of lifestyle with unimpeded access to public transportation. 
 
-Integrate transit service and amenities with surrounding land uses and buildings. 

Conservation, Open Space 

MS G-8: Emphasize the 
importance of water 
conservation and 
maximizing the use of 
native, low-water 
landscaping. 

GP/Stationary & 
Area 

Cities/Counties (e.g., 
Aliso Viejo, 
Claremont) 

-Reduce the amount of water used for landscaping and increase use of native and low water plants.  
Maximize use of native, low-water plants for landscaping of areas adjacent to sidewalks or other 
impermeable surfaces. 
 
-Encourage the production, distribution and use of recycled and reclaimed water for landscaping 
projects throughout the community, while maintaining urban runoff water quality objectives. 
 
-Promote water conservation measures, reduce urban runoff, and prevent groundwater pollution within 
development projects, property maintenance, area operations and all activities requiring approval. 
 
-Educate the public about the importance of water conservation and avoiding wasteful water habits. 
 
-Work with water provider in exploring water conservation programs, and encourage the water provider 
to offer incentives for water conservation. 

MS G-9: Improve air 
quality within the region. 

GP/ Mobile, 
Stationary, & Area 

Cities/Counties (e.g., 
Aliso Viejo, 
Claremont) 

-Integrate air quality planning with area land use, economic development and transportation planning 
efforts. 
 
-Support programs that reduce air quality emissions related to vehicular travel. 
 
-Support alternative transportation modes and technologies, and develop bike- and pedestrian-friendly 
neighborhoods to reduce emissions associated with automobile use. 
 
-Encourage the use of clean fuel vehicles. 
 
-Promote the use of fuel-efficient heating and cooling equipment and other appliances, such as water 

561 of 900

561 of 900



 

B-39 

Table 17 
General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

heaters, swimming pool heaters, cooking equipment, refrigerators, furnaces, and boiler units. 
 
- Promote the use of clean air technologies such as fuel cell technologies, renewable energy sources. 
UV coatings, and alternative, non-fossil fuels. 
 
-Require the planting of street trees along streets and inclusion of trees and landscaping for all 
development projects to help improve airshed and minimize urban heat island effects. 
 
- Encourage small businesses to utilize clean, innovative technologies to reduce air pollution. 
 
- Implement principles of green building. 
 
- Support jobs/housing balance within the community so more people can both live and work within the 
community. To reduce vehicle trips, encourage people to telecommute or work out of home or in local 
satellite offices. 

MS G-10: Encourage and 
maximize energy 
conservation and 
identification of 
alternative energy 
sources. 

GP/ Stationary & 
Area 

Cities/Counties (e.g., 
Aliso Viejo, 
Claremont) 

-Encourage green building designs for new construction and renovation projects within the area. 
 
-Coordinate with regional and local energy suppliers to ensure adequate supplies of energy to meet 
community needs, implement energy conservation and public education programs, and identify 
alternative energy sources where appropriate. 
 
-Encourage building orientations and landscaping that enhance natural lighting and sun exposure. 
 
-Encourage expansion of neighborhood-level products and services and public transit opportunities 
throughout the area to reduce automobile use. 
 
- Incorporate the use of energy conservation strategies in area projects.  
 
- Promote energy-efficient design features, including appropriate site orientation, use of light color 
roofing and building materials, and use of evergreen trees and wind-break trees to reduce fuel 
consumption for heating and cooling. 
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General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

-Explore and consider the cost/benefits of alternative fuel vehicles including hybrid, natural gas, and 
hydrogen powered vehicles when purchasing new vehicles. 
 
-Continue to promote the use of solar power and other energy conservation measures. 
 
- Encourage residents to consider the cost/benefits of alternative fuel vehicles. 
 
- Promote the use of different technologies that reduce use of non-renewable energy resources. 
 
-Facilitate the use of green building standards and LEED in both private and public projects. 
 
-Promote sustainable building practices that go beyond the requirements of Title 24 of the California 
Administrative Code, and encourage energy-efficient design elements, as appropriate. 
 
-Support sustainable building practices that integrate building materials and methods that promote 
environmental quality, economic vitality, and social benefit through the design, construction, and 
operation of the built environment. 
 
- Investigate the feasibility of using solar (photovoltaic) street lights instead of conventional street lights 
that are powered by electricity in an effort to conserve energy. 
 
- Encourage cooperation between neighboring development to facilitate on-site renewable energy 
supplies or combined heat and power co-generation facilities that can serve the energy demand of 
contiguous development. 
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General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

MS G-11: Preserve 
unique community 
forests, and provide for 
sustainable increase and 
maintenance of this 
valuable resource. 

GP/Stationary & 
Area 

Cities/Counties (e.g., 
Aliso Viejo, 
Claremont) 

- Develop a tree planting policy that strives to accomplish specific % shading of constructed paved and 
concrete surfaces within five years of construction. 
 
-Provide adequate funding to manage and maintain the existing forest, including sufficient funds for 
tree planting, pest control, scheduled pruning, and removal and replacement of dead trees. 
 
-Coordinate with local and regional plant experts in selecting tree species that respect the natural region 
in which Claremont is located, to help create a healthier, more sustainable urban forest. 
 
- Continue to plant new trees (in particular native tree species where appropriate), and work to preserve 
mature native trees. 
 
-Increase the awareness of the benefits of street trees and the community forest through a area wide 
education effort. 
 
-Encourage residents to properly care for and preserve large and beautiful trees on their own private 
property. 

Housing 

MS G-12: Provide 
affordability levels to 
meet the needs of 
community residents. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

-Encourage development of affordable housing opportunities throughout the community, as well as 
development of housing for elderly and low and moderate income households near public transportation 
services. 
 
-Ensure a portion of future residential development is affordable to low and very low income 
households.   

Land Use 
MS G-13: Promote a 
visually-cohesive urban 
form and establish 
connections between the 
urban core and outlying 
portions of the 

GP/ Mobile, 
Stationary, & Area 

Cities/Counties (e.g., 
Aliso Viejo, 
Claremont) 

-Preserve the current pattern of development that encourages more intense and higher density 
development at the core of the community and less intense uses radiating from the central core. 
 
-Create and enhance landscaped greenway, trail and sidewalk connections between neighborhoods and 
to commercial areas, town centers, and parks. 
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General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

community. -Identify ways to visually identify and physically connect all portions of the community, focusing on 
enhanced gateways and unifying isolated and/or outlying areas with the rest of the area. 
 
-Study and create a diverse plant identity with emphasis on drought-resistant native species. 

MS G-14: Provide a 
diverse mix of land uses 
to meet the future needs 
of all residents and the 
business community.  

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

-Attract a broad range of additional retail, medical, and office uses providing employment at all income 
levels. 
 
-Support efforts to provide beneficial civic, religious, recreational, cultural and educational 
opportunities and public services to the entire community. 
 
-Coordinate with public and private organizations to maximize the availability and use of parks and 
recreational facilities in the community. 
 
-Support development of hotel and recreational commercial land uses to provide these amenities to 
local residents and businesses. 

MS G-15: Collaborate 
with providers of solid 
waste collection, disposal 
and recycling services to 
ensure a level of service 
that promotes a clean 
community and 
environment.  

GP/ Stationary, & 
Area 

Cities/Counties (e.g., 
Aliso Viejo, 
Claremont) 

-Require recycling, composting, source reduction and education efforts throughout the community, 
including residential, businesses, industries, and institutions, within the construction industry, and in all 
sponsored activities. 

MS G-16: Promote 
construction, maintenance 
and active use of publicly- 
and privately-operated 
parks, recreation 
programs, and a 
community center. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

-Work to expand and improve community recreation amenities including parks, pedestrian trails and 
connections to regional trail facilities. 
 
-As a condition upon new development, require payment of park fees and/or dedication and provision 
of parkland, recreation facilities and/or multi-use trails that improve the public and private recreation 
system. 
 
-Research options or opportunities to provide necessary or desired community facilities. 
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General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

MS G-17: Promote the 
application of sustainable 
development practices. 

GP/ Mobile, 
Stationary, & Area 

Cities/Counties (e.g., 
Aliso Viejo, 
Claremont) 

- Encourage sustainable development that incorporates green building best practices and involves the 
reuse of previously developed property and/or vacant sites within a built-up area. 
 
- Encourage the conservation, maintenance, and rehabilitation of the existing housing stock. 
 
-Encourage development that incorporates green building practices to conserve natural resources as part 
of sustainable development practices. 
 
-Avoid development of isolated residential areas in the hillsides or other areas where such development 
would require significant infrastructure investment, adversely impact biotic resources. 
 
- Provide land area zoned for commercial and industrial uses to support a mix of retail, office, 
professional, service, and manufacturing businesses.  
 

MS G-18: Create activity 
nodes as important 
destination areas, with an 
emphasis on public life 
within the community. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

-Provide pedestrian amenities, traffic-calming features, plazas and public areas, attractive streetscapes, 
shade trees, lighting, and retail stores at activity nodes. 
 
-Provide for a mixture of complementary retail uses to be located together to create activity nodes to 
serve adjacent neighborhoods and to draw visitors from other neighborhoods and from outside the area. 

MS G-19: Make roads 
comfortable, safe, 
accessible, and attractive 
for use day and night. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

-Provide crosswalks and sidewalks along streets that are accessible for people with disabilities and 
people who are physically challenged. 
 
-Provide lighting for walking and nighttime activities, where appropriate. 
 
-Provide transit shelters that are comfortable, attractive, and accommodate transit riders. 

MS G-20: Maintain and 
expand where possible the 
system of neighborhood 
connections that attach 
neighborhoods to larger 
roadways. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

- Provide sidewalks where they are missing, and provide wide sidewalks where appropriate with buffers 
and shade so that people can walk comfortably. 
 
-Make walking comfortable at intersections through traffic-calming, landscaping, and designated 
crosswalks. 
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General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

-Look for opportunities for connections along easements & other areas where vehicles not permitted. 

MS G-21: Create 
distinctive places 
throughout the area. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

-Provide benches, streetlights, public art, and other amenities in public areas to attract pedestrian 
activities. 
 
-Encourage new developments to incorporate drought tolerant and native landscaping that is pedestrian 
friendly, attractive, and consistent with the landscaped character of area. 
 
-Encourage all new development to preserve existing mature trees. 
 
-Encourage streetscape design programs for commercial frontages that create vibrant places which 
support walking, bicycling, transit, and sustainable economic development. 
 
-Encourage the design and placement of buildings on lots to provide opportunities for natural systems 
such as solar heating and passive cooling. 
 
- Ensure that all new industrial development projects are positive additions to the community setting, 
provide amenities for the comfort of the employees such as outdoor seating area for breaks or lunch, 
and have adequate landscape buffers. 
 

MS G-22: Reinvest in 
existing neighborhoods 
and promote infill 
development as a 
preference over new, 
greenfield development 

GP/ Mobile, 
Stationary, & Area 

Cities/Counties (e.g., 
Aliso Viejo, 
Claremont) 

- Identify all underused properties in the plan area and focus development in these opportunity sites 
prior to designating new growth areas for development.  
 
- Implement programs to retro-fit existing structures to make them more energy-efficient. 
 
-Encourage compact development, by placing the desired activity areas in smaller spaces. 
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General Planning Level Mitigation Strategies Summary 

Strategy Source Type1 Agency/Organization2 Description/Comments 

Public Safety 

MS G-23: Promote a safe 
community in which 
residents can live, work, 
shop, and play. 

GP/ Mobile 
Cities/Counties (e.g., 

Aliso Viejo, 
Claremont) 

- Foster an environment of trust by ensuring non-biased policing, and by adopting policies and 
encouraging collaboration that creates transparency. 
 
- Facilitate traffic safety for motorists and pedestrians through proper street design and traffic 
monitoring. 

Note:  
1 Where GP=General Plan.  
2 List is not meant to be all inclusive. 
Source: Data complied by EDAW in 2007  
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AB=Assembly Bill; ARB=California Air Resources Board; Calfire=California Fire; CA=California; Caltrans=California Department of Transportation; CAT=California Action Team; CEC=California 
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Table 18 

Rule and Regulation Summary 
Rule/Regulation  Reduction Implementation 

Date 
Agency Description Comments 

Low Carbon Fuel Standard 10-20 MMT 
CO2e by 2020 

January 1, 2010 ARB This rule/regulation will require fuel 
providers (e.g., producers, importers, refiners 
and blenders) to ensure that the mix of fuels 
they sell in CA meets the statewide goal to 
reduce the carbon intensity of CA’s 
transportation fuels by at least 10% by the 
2020 target. 

ARB Early Action Measure 

Reduction of HFC-134a Emissions from 
Nonprofessional Servicing of Motor 
Vehicle Air Conditioning Systems  

1-2 MMT CO2e 
by 2020 

January 1, 2010 ARB This rule/regulation will restrict the use of 
high GWP refrigerants for nonprofessional 
recharging of leaky automotive air 
conditioning systems. 

ARB Early Action Measure 

Landfill Gas Recovery 2-4 MMT CO2e 
by 2020 

January 1, 2010 IWMB, 
ARB 

This rule/regulation will require landfill gas 
recovery systems on small to medium 
landfills that do not have them and upgrade 
the requirements at landfills with existing 
systems to represent best capture and 
destruction efficiencies. 

ARB Early Action Measure 

Vehicle Climate Change Standards (AB 
1493 Pavley, Chapter 200, Statutes of 
2002) 

30 MMT CO2e 
by 2020 

2009 ARB This rule/regulation will require ARB to 
achieve the maximum feasible and cost 
effective reduction of GHG emissions from 
passenger vehicles and light-duty trucks. 

ARB Early Action Measure 

Reduction of PFCs from the 
Semiconductor Industry 

0.5 MMT CO2e 
by 2020 

2007–2009 ARB This rule/regulation will reduce GHG 
emissions by process improvements/source 
reduction, alternative chemicals capture and 
beneficial reuse, and destruction technologies

Underway or to be initiated by 
CAT members in 2007-2009 
period 
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Table 18 
Rule and Regulation Summary 

Rule/Regulation  Reduction Implementation 
Date 

Agency Description Comments 

Restrictions on High GWP Refrigerants 9 MMT CO2e by 
2020 

2010 ARB This rule/regulation will expand and enforce 
the national ban on release of high GWP 
refrigerants during appliance lifetime. 

ARB Early Action Measure 

Cement Manufacture <1 MMT CO2e 
per year (based 

on 2004 
production 

levels) 

2010 Caltrans This rule/regulation will allow 2.5% 
interground limestone concrete mix in 
cement use. 

CAT Early Action Measure 

Hydrogen Fuel Standards (SB 76 of 2005) TBD By 2008 CDFA This rule/regulation will develop hydrogen 
fuel standards for use in combustion systems 
and fuel cells. 

CAT Early Action Measure 

Regulation of GHG from Load Serving 
Entities (SB 1368) 

15 MMT CO2e 
by 2020 

May 23, 2007 CEC, 
CPUC 

This rule/regulation will establish a GHG 
emission performance standard for baseload 
generation of local publicly owned electric 
utilities that is no higher than the rate of 
emissions of GHG for combined-cycle 
natural gas baseload generation. 

CAT Early Action Measure 

Energy Efficient Building Standards TBD In 2008 CEC This rule/regulation will update of Title 24 
standards. 

CAT Early Action Measure 

Energy Efficient Appliance Standards TBD January 1, 2010 CEC This rule/regulation will regulate light bulb 
efficiency 

CAT Early Action Measure 

Tire Efficiency (Chapter 8.7 Division 15 
of the Public Resources Code) 

<1 MMT CO2e 
by 2020 

January 1, 2010 CEC & 
IWMB 

This rule/regulation will ensure that 
replacement tires sold in CA are at least as 
energy efficient, on average, as tires sold in 
the state as original equipment on these 
vehicles. 

CAT Early Action Measure 

New Solar Homes Partnership TBD January 2007 CEC Under this rule/regulation, approved solar 
systems will receive incentive funds based 
on system performance above building 
standards. 

CAT Early Action Measure 
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Table 18 
Rule and Regulation Summary 

Rule/Regulation  Reduction Implementation 
Date 

Agency Description Comments 

Water Use Efficiency 1 MMT CO2e by 
2020 

2010 DWR This rule/regulation will adopt standards for 
projects and programs funded through water 
bonds that would require consideration of 
water use efficiency in construction and 
operation. 

CAT Early Action Measure 

State Water Project TBD 2010 DWR This rule/regulation will include feasible and 
cost effective renewable energy in the SWP’s 
portfolio. 

CAT Early Action Measure 

Cleaner Energy for Water Supply TBD 2010 DWR Under this rule/regulation, energy supply 
contracts with conventional coal power 
plants will not be renewed.  

CAT Early Action Measure 

IOU Energy Efficiency Programs 4 MMT CO2e by 
2020 

2010 CPUC This rule/regulation will provide a 
risk/reward incentive mechanism for utilities 
to encourage additional investment in energy 
efficiency; evaluate new technologies and 
new measures like encouraging compact 
fluorescent lighting in residential and 
commercial buildings 

CAT Early Action Measure 

Solar Generation TBD 2007–2009 DGS 3 MW of clean solar power generation 
implemented in CA last year, with another 1 
MW coming up. The second round is 
anticipated to total additional 10 MW and 
may include UC/CSU campuses and state 
fairgrounds. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 
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Table 18 
Rule and Regulation Summary 

Rule/Regulation  Reduction Implementation 
Date 

Agency Description Comments 

Transportation Efficiency 9 MMT CO2e by 
2020 

2007–2009 Caltrans This rule/regulation will reduce congestion, 
improve travel time in congested corridors, 
and promote coordinated, integrated land 
use. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Smart Land Use and Intelligent 
Transportation 

10 MMT CO2e 
by 2020 

2007–2009 Caltrans This rule/regulation will integrate 
consideration of GHG reduction measures 
and energy efficiency factors into RTPs, 
project development etc.  

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Cool Automobile Paints 1.2 to 2.0 MMT 
CO2e by 2020 

2009 ARB Cool paints would reduce the solar heat gain 
in a vehicle and reduce air conditioning 
needs. 

ARB Early Action Measure 

Tire Inflation Program TBD 2009 ARB This rule/regulation will require tires to be 
checked and inflated at regular intervals to 
improve fuel economy. 

ARB Early Action Measure 

Electrification of Stationary Agricultural 
Engines 

0.1 MMT CO2e 
by 2020 

2010 ARB This rule/regulation will provide incentive 
funding opportunities for replacing diesel 
engines with electric motors. 

ARB Early Action Measure 

Desktop Power Management Reduce energy 
use by 50% 

2007–2009 DGS, ARB This rule/regulation will provide software to 
reduce electricity use by desktop computers 
by up to 40%. 

Currently deployed in DGS 

Reducing CH4 Venting/Leaking from Oil 
and Gas Systems (EJAC-3/ARB 2-12) 

1 MMT CO2e by 
2020 

2010 ARB This rule/regulation will reduce fugitive CH4 
emissions from production, processing, 
transmission, and distribution of natural gas 
and oil. 

ARB Early Action Measure 

Replacement of High GWP Gases Used 
in Fire Protection Systems with Alternate 
Chemical (ARB 2-10) 

0.1 MMT CO2e 
by 2020 

2011 ARB This rule/regulation will require the use of 
lower GWP substances in fire protection 
systems. 

ARB Early Action Measure 

Contracting for Environmentally 
Preferable Products 

NA 2007–2009 DGS New state contracts have been or are being 
created for more energy and resource 
efficient IT goods, copiers, low mercury 
fluorescent lamps, the CA Gold Carpet 
Standard and office furniture. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Hydrogen Fuel Cells NA 2007–2009 DGS This rule/regulation will incorporate clean 
hydrogen fuel cells in stationary applications 

Underway or to be initiated by 
CAT members in 2007-2009 
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Table 18 
Rule and Regulation Summary 

Rule/Regulation  Reduction Implementation 
Date 

Agency Description Comments 

at State facilities and as back-up generation 
for emergency radio services. 

period 

High Performance Schools NA 2007–2009 DGS New guidelines adopted for energy and 
resource efficient schools; up to $100 million 
in bond money for construction of 
sustainable, high performance schools. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Urban Forestry 1 MMT CO2e by 
2020 

2007–2009 Calfire, 
CUFR 

This rule/regulation will provide five million 
additional trees in urban areas by 2020. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Fuels Management/Biomass 3 MMT CO2e by 
2020 

2007–2009 Calfire This rule/regulation will provide biomass 
from forest fuel treatments to existing 
biomass utilization facilities. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Forest Conservation and Forest 
Management 

10 MMT CO2e 
by 2020 

2007–2009 Calfire, 
WCB 

This rule/regulation will provide 
opportunities for carbon sequestration in 
Proposition 84 forest land conservation 
program to conserve an additional 75,000 
acres of forest landscape by 2010. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Afforestation/Reforestation 2 MMT CO2e by 
2020 

2007–2009 Calfire This rule/regulation will subsidize tree 
planting. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Dairy Digesters TBD January 1, 2010 CDFA This rule/regulation will develop a dairy 
digester protocol to document GHG emission 
reductions from these facilities. 

ARB Early Action Measure 
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Table 18 
Rule and Regulation Summary 

Rule/Regulation  Reduction Implementation 
Date 

Agency Description Comments 

Conservation Tillage and Enteric 
Fermentation 

1 MMT CO2e by 
2020 

2007–2009 CDFA This rule/regulation will develop and 
implement actions to quantify and reduce 
enteric fermentation emissions from 
livestock and sequester soil carbon using 
cover crops and conservation tillage. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

ULEV TBD 2007–2009 DGS A new long term commercial rental contract 
was released in March 2007 requiring a 
minimum ULEV standard for gasoline 
vehicles and requires alternative fuel and 
hybrid-electric vehicles. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Flex Fuel Vehicles 370 metric tons 
CO2, 0.85 metric 
tons of CH4, and 
1.14 metric tons 

of N2O 

2007–2009 DGS Under this rule/regulation, DGS is replacing 
800 vehicles with new, more efficient 
vehicles. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Climate Registry TBD 2007–2009 DGS Benchmarking and reduction of GHG 
emissions for state owned buildings, leased 
buildings and light duty vehicles. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Municipal Utilities Electricity Sector 
Carbon Policy 

Included in SB 
1368 reductions 

2007–2009 CEC, 
CPUC, 
ARB 

Under this rule/regulation, GHG emissions 
cap policy guidelines for CA’s electricity 
sector (IOUs and POUs). 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Alternative Fuels: Nonpetroleum Fuels TBD 2007–2009 CEC State plan to increase the use of alternative 
fuels for transportation; full fuel cycle 
assessment. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Zero Waste/High Recycling Strategy 5 MMT CO2e by 
2020 

2007–2009 IWMB This rule/regulation will identify materials to 
focus on to achieve GHG reduction at the 
lowest possible cost; Builds on the success of 
50% Statewide Recycling Goal. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Organic Materials Management TBD 2007–2009 IWMB This rule/regulation will develop a market 
incentive program to increase organics 
diversion to the agricultural industry. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Landfill Gas Energy TBD 2007–2009 IWMB Landfill Gas to Energy & LNG/biofuels Underway or to be initiated by 
CAT members in 2007-2009 
period 
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Table 18 
Rule and Regulation Summary 

Rule/Regulation  Reduction Implementation 
Date 

Agency Description Comments 

Target Recycling TBD 2007–2009 IWMB This rule/regulation will focus on 
industry/public sectors with high GHG 
components to implement targeted 
commodity recycling programs. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Accelerated Renewable Portfolio 
Standard 

Included in SB 
1368 reductions 

2007–2009 CPUC This rule/regulation will examine RPS long 
term planning and address the use of tradable 
renewable energy credits for RPS 
compliance. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

CA Solar Initiative 1 MMT CO2e by 
2020 

2007–2009 CPUC Initiative to deliver 2000 MWs of clean, 
emissions free energy to the CA grid by 
2016. 

Underway or to be initiated by 
CAT members in 2007-2009 
period 

Carbon Capture and Sequestration TBD 2007–2009 CPUC Proposals for power plants with IGCC and/or 
carbon capture in the next 18 months. 

Underway or to be initiated by 
CAT members in 2007-2009  

Source: Data complied by EDAW in 2007 
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Bay Area Air Quality Management District 
 

Proposed Air Quality CEQA Thresholds of Significance 
 

 
1 INTRODUCTION 

Bay Area Air Quality Management District (BAAQMD or Air District) staff analyzed 
various options for California Environmental Quality Act (CEQA) air quality thresholds 
of significance for use within BAAQMD’s jurisdiction. The analysis and evaluation 
undertaken by Air District staff is documented in the Revised Draft Options and 
Justification Report – California Environmental Quality Act Thresholds of Significance 
(Draft Options Report) (BAAQMD October 2009). 

Air District staff hosted public workshops in February, April, September and October 
2009 at several locations around the Bay Area. In addition, Air District staff met with 
regional stakeholder groups to discuss and receive input on the threshold options being 
evaluated. Throughout the course of the public workshops and stakeholder meetings Air 
District staff received many comments on the various options under consideration. Based 
on comments received and additional staff analysis, the threshold options and staff-
recommended thresholds were further refined. The culmination of this year-long effort 
was presented in the Proposed Thresholds of Significance Report published on November 
2, 2009 as the Air District staff’s proposed air quality thresholds of significance.  

The Air District Board of Directors (Board) held public hearings on November 18 and 
December 2, 2009, to receive comments on staff’s Proposed Thresholds of Significance 
(November 2009). After public testimony and Board deliberations, the Board requested 
staff to present additional options for risk and hazard thresholds for Board consideration. 
This Report includes risks and hazards threshold options, as requested by the Board, in 
addition to staff’s previously recommended thresholds of significance. The proposed 
thresholds presented herein, upon adoption by the Air District Board of Directors, are 
intended to replace all of the Air District’s currently recommended thresholds. The 
proposed air quality thresholds of significance, and Board-requested risk and hazard 
threshold options, are provided in Table 1 at the end of this introduction. 

1.1 BAAQMD/CEQA REGULATORY AUTHORITY 

The BAAQMD has direct and indirect regulatory authority over sources of air pollution 
in the San Francisco Bay Area Air Basin (SFBAAB). CEQA requires that public agencies 
consider the potential adverse environmental impacts of any project that a public agency 
proposes to carry out, fund or approve. CEQA requires that a lead agency prepare an 
Environmental Impact Report (EIR) whenever it can be fairly argued (the “fair argument” 
standard), based on substantial evidence,1 that a project may have a significant effect2 on 

                                                 
1  “Substantial evidence” includes facts, reasonable assumptions predicated upon facts, or 
expert opinions supported by facts, but does not include argument, speculation, unsubstantiated 
opinion or narrative, evidence that is clearly inaccurate or erroneous, or evidence of social or 
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the environment, even if there is substantial evidence to the contrary (CEQA Guidelines 
§15064). CEQA requires that the lead agency review not only a project’s direct effects on 
the environment, but also the cumulative impacts of a project and other projects causing 
related impacts. When the incremental effect of a project is cumulatively considerable, 
the lead agency must discuss the cumulative impacts in an EIR.  (CEQA Guidelines 
§15064). 

The “fair argument” standard refers to whether a fair argument can be made that a project 
may have a significant effect on the environment (No Oil, Inc. v. City of Los Angeles 
(1974) 13 Cal.3d 68, 84). The fair argument standard is generally considered a low 
threshold requirement for preparation of an EIR. The legal standards reflect a preference 
for requiring preparation of an EIR and for “resolving doubts in favor of environmental 
review.”  Meija v. City of Los Angeles (2005) 130 Cal. App. 4th 322, 332. “The 
determination of whether a project may have a significant effect on the environment calls 
for careful judgment on the part of the public agency involved, based to the extent 
possible on scientific and factual data.” (CEQA Guidelines §15064(b). 

In determining whether a project may have a significant effect on the environment, 
CEQA Guidelines Section 15064.7 provides that lead agencies may adopt and/or apply 
“thresholds of significance.” A threshold of significance is “an identifiable quantitative, 
qualitative or performance level of a particular environmental effect, non-compliance 
with which means the effect will normally be determined to be significant by the agency 
and compliance with which means the effect normally will be determined to be less than 
significant” (CEQA Guidelines §15064.7).   

While thresholds of significance give rise to a presumption of insignificance, thresholds 
are not conclusive, and do not excuse a public agency of the duty to consider evidence 
that a significant effect may occur under the fair argument standard.  Meija, 130 Cal. 
App. 4th at 342.  “A public agency cannot apply a threshold of significance or regulatory 
standard ‘in a way that forecloses the consideration of any other substantial evidence 
showing there may be a significant effect.’” Id. This means that if a public agency is 
presented with factual information or other substantial evidence establishing a fair 
argument that a project may have a significant effect on the environment, the agency 
must prepare an EIR to study those impacts even if the project’s impacts fall below the 
applicable threshold of significance.   

Thresholds of significance must be supported by substantial evidence. This Report 
provides the substantial evidence in support of the thresholds of significance developed 
by the BAAQMD. If adopted by the BAAQMD Board of Directors, the Air District will 
recommend that lead agencies within the nine counties of the BAAQMD’s jurisdiction 

                                                                                                                                                 
economic impacts that do not contribute to, or are not caused by, physical impacts on the 
environment.  Cal. Pub. Res. C. §21080(c); see also CEQA Guidelines §15384.   
2  A “significant effect” on the environment is defined as a “substantial, or potentially 
substantial, adverse change in the environment.”  Cal. Pub. Res. C. §21068; see also CEQA 
Guidelines §15382.   
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use the thresholds of significance in this Report when considering the air quality impacts 
of projects under their consideration. 

1.2 JUSTIFICATION FOR UPDATING CEQA THRESHOLDS 

Any analysis of environmental impacts under CEQA includes an assessment of the nature 
and extent of each impact expected to result from the project to determine whether the 
impact will be treated as significant or less than significant. CEQA gives lead agencies 
discretion whether to classify a particular environmental impact as significant. 
Ultimately, formulation of a standard of significance requires the lead agency to make a 
policy judgment about where the line should be drawn distinguishing adverse impacts it 
considers significant from those that are not deemed significant. This judgment must, 
however, be based on scientific information and other factual data to the extent possible 
(CEQA Guidelines §15064(b)). 

In the sense that advances in science provide new or refined factual data, combined with 
advances in technology and the gradual improvement or degradation of an environmental 
resource, the point where an environmental effect is considered significant is fluid over 
time. Other factors influencing this fluidity include new or revised regulations and 
standards, and emerging, new areas of concern. 

In the ten years since BAAQMD last reviewed its recommended CEQA thresholds of 
significance for air quality, there have been tremendous changes that affect the quality 
and management of the air resources in the Bay Area. Traditional criteria air pollutant 
ambient air quality standards, at both the state and federal levels, have become 
increasingly more stringent. A new criteria air pollutant standard for fine particulate 
matter less than 2.5 microns in diameter (PM2.5) has been added to federal and state 
ambient air quality standards. We have found, through technical advances in impact 
assessment, that toxic air contaminants are not only worse than previously thought from a 
health perspective, but that certain communities experience high levels of toxic air 
contaminants, giving rise to new regulations and programs to reduce the significantly 
elevated levels of ambient toxic air contaminant concentrations in the Bay Area. 

In response to the elevated levels of toxic air contaminants in some Bay Area 
communities, the Air District created the Community Air Risk Evaluation (CARE) 
Program. Phase 1 of the BAAQMD’s CARE program compiled and analyzed a regional 
emissions inventory of toxic air contaminants (TACs), including emissions from 
stationary sources, area sources, and on-road and off-road mobile sources. Phase 2 of the 
CARE Program conducted regional computer modeling of selected TAC species, species 
which collectively posed the greatest risk to Bay Area residents.  In both Phases 1 and 2, 
demographic data were combined with estimates of TAC emissions or concentrations to 
identify communities that are disproportionally impacted from high concentrations of 
TACs. Bay Area Public Health Officers, in discussions with Air District staff and in comments 
to the Air District’s Advisory Council (February 11, 2009, Advisory Council Meeting on Air 
Quality and Public Health), have recommended that PM2.5, in addition to TACs, be considered in 
assessments of community-scale impacts of air pollution. 
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Another significant issue that affects the quality of life for Bay Area residents is the 
growing concern with global climate change. In just the past few years, estimates of the 
global atmospheric temperature and greenhouse gas concentration limits needed to 
stabilize climate change have been adjusted downward and the impacts of greenhouse gas 
emissions considered more dire. Previous scientific assessments assumed that limiting 
global temperature rise to 2-3°C above pre-industrial levels would stabilize greenhouse 
gas concentrations in the range of 450-550 parts per million (ppm) of carbon dioxide-
equivalent (CO2e). Now the science indicates that a temperature rise of 2°C would not 
prevent dangerous interference with the climate system. Recent scientific assessments 
suggest that global temperature rise should be kept below 2°C by stabilizing greenhouse 
gas concentrations below 350 ppm CO2e, a significant reduction from the current level of 
385 ppm CO2e. 

For the reasons stated above, and to further the goals of other District programs such as 
encouraging transit-oriented and infill development, BAAQMD has undertaken an effort 
to review all of its currently-recommended CEQA thresholds, revise them as appropriate, 
and develop new thresholds where appropriate.  The overall goal of this effort is to 
develop CEQA significance criteria that ensure new development implements appropriate 
and feasible emission reduction measures to mitigate significant air quality impacts. The 
Air District’s recommended CEQA significance thresholds have been vetted through a 
public review process and will be presented to the BAAQMD Board of Directors for 
adoption. 
 

Table 1 – Proposed Air Quality CEQA Thresholds of Significance 

Pollutant Construction-Related Operational-Related 

Project-Level 

Criteria Air Pollutants 
and Precursors 

(Regional) 

Average Daily 
Emissions 
(lb/day) 

Average Daily 
Emissions  
(lb/day)  

Maximum Annual 
Emissions 

(tpy) 

ROG 54 54 10 

NOX 54 54 10 

PM10 (exhaust) 82 82 15 

PM2.5 (exhaust) 54 54 10 

PM10/PM2.5 (fugitive 
dust) 

Best Management 
Practices None 

Local CO None 9.0 ppm (8-hour average), 20.0 ppm (1-hour 
average) 

GHGs 
 

Projects other than 
Stationary Sources 

 
 

None 
 
 

Compliance with Qualified Climate Action Plan 
OR  

1,100 MT of CO2e/yr  
OR 

4.6 MT CO2e/SP/yr (residents + employees) 
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Table 1 – Proposed Air Quality CEQA Thresholds of Significance 

Pollutant Construction-Related Operational-Related 

GHGs 
 

Stationary Sources 
None 10,000 MT/yr 

Risks and Hazards 
(Individual Project) 

 
Staff Proposal 

 
Same as Operational 

Thresholds* 
 

All Areas: Siting a New Source or Receptor 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Increased cancer risk of >10.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.3 µg/m3 annual average
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 

Same as Operational 
Thresholds* 

Impacted Communities: Siting a New Source 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Increased cancer risk of >5.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.2 µg/m3 annual average
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 
Risks and Hazards 
(Individual Project) 

 
Board Option 1 

 
Tiered Thresholds 

Same as Operational 
Thresholds* 

Impacted Communities: Siting a New Receptor 
All Other Areas: Siting a New Source or Receptor 

 
Compliance with Qualified Risk Reduction Plan 

OR 
Increased cancer risk of >10.0 in a million 

Increased  non-cancer risk of > 1.0 Hazard Index 
(Chronic or Acute) 

Ambient PM2.5 increase: > 0.3 µg/m3 annual average
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 

Risks and Hazards 
(Individual Project) 

 
Board Option 2 

 
Quantitative 
Thresholds 

Same as Operational 
Thresholds* 

All Areas: Siting a New Source or Receptor 
 

Increased cancer risk of >10.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.3 µg/m3 annual average
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 
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Table 1 – Proposed Air Quality CEQA Thresholds of Significance 

Pollutant Construction-Related Operational-Related 

Risks and Hazards 
(Cumulative Thresholds) 

 
 

Same as Operational 
Thresholds* 

All Areas: Siting a New Source or Receptor 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Cancer: > 100 in a million (from all local sources) 
Non-cancer: > 1.0 Hazard Index (from all local 

sources) (Chronic or Acute) 
PM2.5: > 0.8 µg/m3 annual average 

(from all local sources) 
 

Zone of Influence: 1,000-foot radius from fence 
line of source or receptor 

Accidental Release of 
Acutely Hazardous Air 

Pollutants 
None 

Storage or use of acutely hazardous materials 
locating near receptors or receptors locating near 

stored or used acutely hazardous materials 
considered significant 

Odors None 
Screening Level Distances  

and  
Complaint History 

Plan-Level 

Criteria Air Pollutants 
and Precursors 

(Regional and Local) 
None 

1. Consistency with Current Air Quality Plan 
control measures 

2. Projected VMT or vehicle trip increase is less 
than or equal to projected population increase 

GHGs None 

Compliance with Qualified Climate Action Plan 
(or similar criteria included in a General Plan)  

OR 
6.6 MT CO2e/ SP/yr (residents + employees) 

Risks and 
Hazards/Odors None 

1. Overlay zones around existing and planned 
sources of TACs (including adopted Risk 
Reduction Plan areas) and odors 

2. Overlay zones of at least 500 feet (or Air 
District-approved modeled distance) from all 
freeways and high volume roadways 

Accidental Release of 
Acutely Hazardous Air 

Pollutants 
None None 

Notes: CO = carbon monoxide; CO2e = carbon dioxide equivalent; GHGs = greenhouse gases; lb/day = pounds per day; MT = metric 
tons; NOX = oxides of nitrogen; PM2.5= fine particulate matter with an aerodynamic resistance diameter of 2.5 micrometers or less; 
PM10 = respirable particulate matter with an aerodynamic resistance diameter of 10 micrometers or less; ppm = parts per million; 
ROG = reactive organic gases; SO2 = sulfur dioxide; SP = service population; TACs = toxic air contaminants; TBP = toxic best 
practices; tons/day = tons per day; tpy = tons per year; yr= year. 
* Note: The Air District recommends that for construction projects that are less than one year duration, Lead Agencies should 

annualize impacts over the scope of actual days that peak impacts are to occur, rather than the full year. 
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2 GREENHOUSE GAS THRESHOLDS 

BAAQMD does not currently have an adopted threshold of significance for GHG 
emissions. BAAQMD currently recommends that lead agencies quantify GHG emissions 
resulting from new development and apply all feasible mitigation measures to lessen the 
potentially adverse impacts. One of the primary objectives in updating the current CEQA 
Guidelines is to identify a GHG significance threshold, analytical methodologies, and 
mitigation measures to ensure new land use development meets its fair share of the 
emission reductions needed to address the cumulative environmental impact from GHG 
emissions. GHG emissions contribute, on a cumulative basis, to the significant adverse 
environmental impacts of global climate change. As reviewed herein, climate change 
impacts include an increase in extreme heat days, higher ambient concentrations of air 
pollutants, sea level rise, impacts to water supply and water quality, public health 
impacts, impacts to ecosystems, impacts to agriculture, and other environmental impacts. 
No single land use project could generate enough GHG emissions to noticeably change 
the global average temperature. The combination of GHG emissions from past, present, 
and future projects contribute substantially to the phenomenon of global climate change 
and its associated environmental impacts. 
 
2.2 PROPOSED THRESHOLDS OF SIGNIFICANCE 

Project Type Proposed Thresholds 

Projects other than 
Stationary Sources 

Compliance with Qualified Climate Action Plan 
OR 

1,100 MT of CO
2
e/yr 

OR 
4.6 MT CO

2
e/SP/yr* (residents + employees) 

Stationary Sources 10,000 MT of CO
2
e/yr 

Plans 

Compliance with Qualified Climate Action Plan 
(or similar criteria included in a General Plan) 

OR 
6.6 MT CO

2
e/SP/yr (residents + employees) 

* Staff notes that the efficiency-based thresholds should be applied to individual projects with caution. As explained 
herein, lead agencies may determine that the efficiency-based GHG thresholds for individual land use projects may 
not be appropriate for very large projects. If there is a fair argument that the project’s emissions on a mass level will 
have a cumulatively considerable impact on the region’s GHG emissions, the insignificance presumption afforded to 
a project that meets an efficiency-based GHG threshold would be overcome. 

   
2.3 JUSTIFICATION AND SUBSTANTIAL EVIDENCE 

SUPPORTING THRESHOLDS 

BAAQMD’s approach to developing a threshold of significance for GHG emissions is to 
identify the emissions level for which a project would not be expected to substantially 
conflict with existing California legislation adopted to reduce statewide GHG emissions. 
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If a project would generate GHG emissions above the threshold level, it would be 
considered to contribute substantially to a cumulative impact, and would be considered 
significant. If mitigation can be applied to lessen the emissions such that the project 
meets its share of emission reductions needed to address the cumulative impact, the 
project would normally be considered less than significant.   

As explained in the District’s Revised Draft Options and Justifications Report 
(BAAQMD 2009), there are several types of thresholds that may be supported by 
substantial evidence and be consistent with existing California legislation and policy to 
reduce statewide GHG emissions. In determining which thresholds to recommend, Staff 
studied numerous options, relying on reasonable, environmentally conservative 
assumptions on growth in the land use sector, predicted emissions reductions from 
statewide regulatory measures and resulting emissions inventories, and the efficacies of 
GHG mitigation measures. The thresholds recommended herein were chosen based on 
the substantial evidence that such thresholds represent quantitative and/or qualitative 
levels of GHG emissions, compliance with which means that the environmental impact of 
the GHG emissions will normally not be cumulatively considerable under CEQA.  
Compliance with such thresholds will be part of the solution to the cumulative GHG 
emissions problem, rather than hinder the state’s ability to meet its goals of reduced 
statewide GHG emissions. Staff notes that it does not believe there is only one threshold 
for GHG emissions that can be supported by substantial evidence.   

GHG CEQA significance thresholds recommended herein are intended to serve as 
interim levels during the implementation of the AB 32 Scoping Plan and SB 375, which 
will occur over time. Until AB 32 has been fully implemented in terms of adopted 
regulations, incentives, and programs and until SB 375 required plans have been fully 
adopted, or the California Air Resources Board (ARB) adopts a recommended threshold, 
the BAAQMD recommends that local agencies in the Bay Area apply the GHG 
thresholds recommended herein. 

If left unchecked, GHG emissions from new land use development in California will 
result in a cumulatively considerable amount of GHG emissions and a substantial conflict 
with the State’s ability to meet the goals within AB 32. Thus, BAAQMD proposes to 
adopt interim GHG thresholds for CEQA analysis, which can be used by lead agencies 
within the Bay Area. This would help lead agencies navigate this dynamic regulatory and 
technological environment where the field of analysis has remained wide open and 
inconsistent. BAAQMD’s framework for developing a GHG threshold for land 
development projects that is based on policy and substantial evidence follows. 

2.3.1 SCIENTIFIC AND REGULATORY JUSTIFICATION 

Climate Science Overview 
Prominent GHGs contributing to the greenhouse effect are carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), hydrofluorocarbons, chlorofluorocarbons, and sulfur 
hexafluoride. Human-caused emissions of these GHGs in excess of natural ambient 
concentrations are responsible for intensifying the greenhouse effect and have led to a 
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trend of unnatural warming of the earth’s climate, known as global climate change or 
global warming. It is extremely unlikely that global climate change of the past 50 years 
can be explained without the contribution from human activities (IPCC 2007a). 

According to Article 2 of the United Nations Framework Convention on Climate Change 
(UNFCCC), “Avoiding Dangerous Climate Change” means: "stabilization of greenhouse 
gas concentrations in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system.” Dangerous climate change defined 
in the UNFCCC is based on several key indicators including the potential for severe 
degradation of coral reef systems, disintegration of the West Antarctic Ice Sheet, and shut 
down of the large-scale, salinity- and thermally-driven circulation of the oceans. 
(UNFCCC 2009). The global atmospheric concentration of carbon dioxide has increased 
from a pre-industrial value of about 280 ppm to 379 ppm in 2005 (IPCC 2007a).  
“Avoiding dangerous climate change” is generally understood to be achieved by 
stabilizing global average temperatures between 2 and 2.4°C above pre-industrial levels.  
In order to limit temperature increases to this level, ambient global CO2 concentrations 
must stabilize between 350 and 400 ppm (IPCC 2007b). 

Executive Order S-3-05 
Executive Order S-3-05, which was signed by Governor Schwarzenegger in 2005, 
proclaims that California is vulnerable to the impacts of climate change. It declares that 
increased temperatures could reduce the Sierra’s snowpack, further exacerbate 
California’s air quality problems, and potentially cause a rise in sea levels. To combat 
those concerns, the Executive Order established total GHG emission targets. Specifically, 
emissions are to be reduced to the 2000 level by 2010, the 1990 level by 2020, and to 80 
percent below the 1990 level by 2050. 

Assembly Bill 32, the California Global Warming Solutions Act of 2006 
In September 2006, Governor Arnold Schwarzenegger signed Assembly Bill 32, the 
California Global Warming Solutions Act of 2006, which set the 2020 greenhouse gas 
emissions reduction goal into law. AB 32 finds and declares that “Global warming poses 
a serious threat to the economic well-being, public health, natural resources, and the 
environment of California.” AB 32 requires that statewide GHG emissions be reduced to 
1990 levels by 2020, and establishes regulatory, reporting, voluntary, and market 
mechanisms to achieve quantifiable reductions in GHG emissions to meet the statewide 
goal.  

In December of 2008, ARB adopted its Climate Change Scoping Plan (Scoping Plan), 
which is the State’s plan to achieve GHG reductions in California, as required by AB 32 
(ARB 2008). The Scoping Plan contains strategies California will implement to achieve a 
reduction of 169 MMT CO2e emissions, or approximately 28 percent from the state’s 
projected 2020 emission level of 596 MMT of CO2e under a business-as-usual scenario 
(this is a reduction of 42 MMT of CO2e, or almost 10 percent, from 2002-2004 average 
emissions), so that the state can return to 1990 emission levels, as required by AB 32. 
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While the Scoping Plan establishes the policy intent to control numerous GHG sources 
through regulatory, incentive, and market means, given the early phase of implementation 
and the level of control that local CEQA lead agencies have over numerous GHG 
sources, CEQA is an important and supporting tool in achieving GHG reductions overall 
in compliance with AB 32. In this spirit, BAAQMD is considering the adoption of 
thresholds of significance for GHG emissions for stationary source and land use 
development projects. 

Senate Bill 375  
Senate Bill (SB) 375, signed in September 2008, aligns regional transportation planning 
efforts, regional GHG reduction targets, and land use and housing allocation. SB 375 
requires Metropolitan Planning Organizations (MPOs) to adopt a Sustainable 
Communities Strategy (SCS) or Alternative Planning Strategy (APS), which will 
prescribe land use allocation in that MPO’s Regional Transportation Plan (RTP). ARB, in 
consultation with MPOs, will provide each affected region with reduction targets 
for GHGs emitted by passenger cars and light trucks in the region for the years 2020 and 
2035. These reduction targets will be updated every eight years, but can be updated every 
four years if advancements in emission technologies affect the reduction strategies to 
achieve the targets. ARB is also charged with reviewing each MPO’s SCS or APS for 
consistency with its assigned targets. If MPOs do not meet the GHG reduction targets, 
transportation projects would not be eligible for State funding programmed after January 
1, 2012. New provisions of CEQA would incentivize qualified projects that are consistent 
with an approved SCS or APS, categorized as “transit priority projects.” 

While SB 375 is considered in the development of these thresholds, given that the 
Association of Bay  Area Governments (ABAG) and the Metropolitan Transportation 
Commission (MTC) development of the SCS for the Bay Area is in its early stages and 
the ARB GHG reduction target for light duty and passenger vehicles in the Bay Area has 
not yet been proposed, it is not appropriate from a CEQA perspective to expect SB 375 to 
completely address the emission reductions needed from this transportation sector in 
meeting AB 32 goals. In the future, as SB 375 implementation progresses, BAAQMD 
may need to revisit GHG thresholds.  

2.3.2 PROJECT-LEVEL GHG THRESHOLDS 

Staff recommends setting GHG significance thresholds based on AB 32 GHG emission 
reduction goals while taking into consideration emission reduction strategies outlined in 
ARB’s Scoping Plan. Staff proposes two quantitative thresholds for land use projects: a 
bright line threshold based on a “gap” analysis and an efficiency threshold based on 
emission levels required to be met in order to achieve AB 32 goals. 

Staff also proposes one qualitative threshold for land use projects: if a project complies 
with a Qualified Climate Action Plan (as defined in Section 2.3.4 below) that addresses 
the project it would be considered less than significant.  As explained in detail in Section 
2.3.4 below, compliance with a Qualified Climate Action Plan (or similar adopted 
policies, ordinances and programs), would provide the evidentiary basis for making 
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CEQA findings that development consistent with the plan would result in feasible, 
measureable, and verifiable GHG reductions consistent with broad state goals such that 
projects approved under qualified Climate Action Plans or equivalent demonstrations 
would achieve their fair share of GHG emission reductions. 

2.3.2.1 LAND USE PROJECTS “GAP-BASED” THRESHOLD 

Staff took eight steps in developing this threshold approach, which are summarized here 
and detailed in the sections that follow. It should be noted that the “gap-based approach” 
used for threshold development is a conservative approach that focuses on a limited set of 
state mandates that appear to have the greatest potential to reduce land use development-
related GHG emissions at the time of this writing. It is also important to note that over 
time, as the effectiveness of the State’s implementation of AB 32 (and SB 375) 
progresses, BAAQMD will need to reconsider the extent of GHG reductions needed over 
and above those from the implementation thereof for the discretionary approval of land 
use development projects. Although there is an inherent amount of uncertainty in the 
estimated capture rates (i.e., frequency at which project-generated emissions would 
exceed a threshold and would be subject to mitigation under CEQA) and the aggregate 
emission reductions used in the gap analysis, they are based on BAAQMD’s expertise, 
the best available data, and use conservative assumptions for the amount of emission 
reductions from legislation in derivation of the gap (e.g., only adopted legislation was 
relied upon). This approach is intended to attribute an appropriate share of GHG emission 
reductions necessary to reach AB 32 goals to new land use development projects in 
BAAQMD’s jurisdiction that are evaluated pursuant to CEQA. 

Step 1 Estimate from ARB’s statewide GHG emissions inventory the growth in 
emissions between 1990 and 2020 attributable to “land use-driven” sectors of 
the emission inventory as defined by OPR’s guidance document (CEQA and 
Climate Change). Land use-driven emission sectors include Transportation (On-
Road Passenger Vehicles; On-Road Heavy Duty), Electric Power (Electricity; 
Cogeneration), Commercial and Residential (Residential Fuel Use; Commercial 
Fuel Use) and Recycling and Waste (Domestic Waste Water Treatment).   

Result:  1990 GHG emissions were 295.53 MMT CO2e/yr and projected 2020 
business-as-usual GHG emissions would be 400.22 MMT CO2e/yr; 
thus a 26.2 percent reduction from statewide land use-driven GHG 
emissions would be necessary to meet the AB 32 goal of returning to 
1990 emission levels by 2020.  (See Table 2) 

Step 2  Estimate the anticipated GHG emission reductions affecting the same land use-
driven emissions inventory sectors associated with adopted statewide 
regulations identified in the AB 32 Scoping Plan.  

Result: Estimated a 23.9 percent reduction can be expected in the land use-
driven GHG emissions inventory from adopted Scoping Plan 
regulations, including AB 1493 (Pavley), LCFS, Heavy/Medium Duty 
Efficiency, Passenger Vehicle Efficiency, Energy-Efficiency 
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Measures, Renewable Portfolio Standard, and Solar Roofs.  (See Table 
3) 

Step 3  Determine any short fall or “gap” between the 2020 statewide emission 
inventory estimates and the anticipated emission reductions from adopted 
Scoping Plan regulations. This “gap” represents additional GHG emission 
reductions needed statewide from the land use-driven emissions inventory 
sectors, which represents new land use development’s share of the emission 
reductions needed to meet statewide GHG emission reduction goals.   

Result: With the 23.9 percent reductions from AB 32 Scoping Measures, there 
is a “gap” of 2.3 percent in necessary additional GHG emissions 
reductions to meet AB 32 goals of a 26.2 percent reduction from 
statewide land use-driven GHG emissions to return to 1990 levels in 
2020.  (See Table 2) 

Step 4  Determine the percent reduction this “gap” represents in the “land use-driven” 
emissions inventory sectors from BAAQMD’s 2020 GHG emissions inventory. 
Identify the mass of emission reductions needed in the SFBAAB from land use-
driven emissions inventory sectors.   

Result: Estimated that a 2.3 percent reduction in BAAQMD’s projected 2020 
emissions projections requires emissions reductions of 1.6 MMT 
CO2e/yr from the land use-driven sectors.   (See Table 4) 

Step 5  Assess BAAQMD’s historical CEQA database (2001-2008) to determine the 
frequency distribution trend of project sizes and types that have been subject to 
CEQA over the past several years.  

Result: Determined historical patterns of residential, commercial and 
industrial development by ranges of average sizes of each 
development type. Results were used in Step 6 below to distribute 
anticipated Bay Area growth among different future project types and 
sizes. 

Step 6  Forecast new land use development for the Bay Area using DOF/EDD 
population and employment projections and distribute the anticipated growth 
into appropriate land use types and sizes needed to accommodate the anticipated 
growth (based on the trend analysis in Step 5 above). Translate the land use 
development projections into land use categories consistent with those 
contained in the Urban Emissions Model (URBEMIS).  

Result: Based on population and employment projections and the trend 
analysis from Step 5 above, forecasted approximately 4,000 new 
development projects, averaging about 400 projects per year through 
2020 in the Bay Area. 
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Step 7  Estimate the amount of GHG emissions from each land use development project 
type and size using URBEMIS and post-model manual calculation methods (for 
emissions not included in URBEMIS). Determine the amount of GHG 
emissions that can reasonably and feasibly be reduced through currently 
available mitigation measures (“mitigation effectiveness”) for future land use 
development projects subject to CEQA (based on land use development 
projections and frequency distribution from Step 6 above).   

Result: Based on the information available and on sample URBEMIS 
calculations, found that mitigation effectiveness of between 25 and 30 
percent is feasible.  

Step 8  Conduct a sensitivity analysis of the numeric GHG mass emissions threshold 
needed to achieve the desired emissions reduction (i.e., “gap”) determined in 
Step 4. This mass emission GHG threshold is that which would be needed to 
achieve the emission reductions necessary by 2020 to meet the Bay Area’s share 
of the statewide “gap” needed from the land use-driven emissions inventory 
sectors.  

Result: The results of the sensitivity analysis conducted in Step 8 found that 
reductions between about 125,000 MT/yr (an aggregate of 1.3 MMT in 
2020) and over 200,000 MT/yr (an aggregate of over 2.0 MMT in 
2020) were achievable and feasible. A mass emissions threshold of 
1,100 MT of CO2e/yr would result in approximately 59 percent of all 
projects being above the significance threshold (e.g., this is 
approximately the operational GHG emissions that would be 
associated with a 60 residential unit subdivision) and must implement 
feasible mitigation measures to meet CEQA requirements. With an 
estimated 26 percent mitigation effectiveness, the 1,100 MT threshold 
would achieve 1.6 MMT CO2e/yr in GHG emissions reductions. 

2.3.2.2 DETAILED BASIS AND ANALYSIS 

Derivation of Greenhouse Gas Reduction Goal 
To meet the target emissions limit established in AB 32 (equivalent to levels in 1990), 
total GHG emissions would need to be reduced by approximately 28 percent from 
projected 2020 forecasts (ARB 2009a). The AB 32 Scoping Plan is ARB’s plan for 
meeting this mandate (ARB 2008). While the Scoping Plan does not specifically identify 
GHG emission reductions from the CEQA process for meeting AB 32 derived emission 
limits, the scoping plan acknowledges that “other strategies to mitigate climate change . . 
. should also be explored.” The Scoping Plan also acknowledges that “Some of the 
measures in the plan may deliver more emission reductions than we expect; others less . . 
. and new ideas and strategies will emerge.” In addition, climate change is considered a 
significant environmental issue and, therefore, warrants consideration under CEQA. SB 
97 represents the State Legislature’s confirmation of this fact, and it directed the 
Governor’s Office of Planning and Research (OPR) to develop CEQA Guidelines for 

593 of 900

593 of 900



Bay Area AQMD Proposed Air Quality CEQA Thresholds of Significance 
December 7, 2009 

 
 

 
14 

evaluation of GHG emissions impacts and recommend mitigation strategies. In response, 
OPR released the Technical Advisory: CEQA and Climate Change (OPR 2008), and has 
released proposed CEQA guidelines (April 14, 2009) for consideration of GHG 
emissions. It is known that new land use development must also do its fair share toward 
achieving AB 32 goals (or, at a minimum, should not hinder the State’s progress toward 
the mandated emission reductions).  

Foreseeable Scoping Plan Measures Emission Reductions and Remaining “Gap” 
Step 1 of the Gap Analysis entailed estimating from ARB’s statewide GHG inventory the 
growth in emissions between 1990 and 2020 attributable to land use driven sectors of the 
emissions inventory. As stated above, to meet the requirements set forth in AB 32 (i.e., 
achieve California’s 1990-equivalent GHG emissions levels by 2020) California would 
need to achieve an approximate 28 percent reduction in emissions across all sectors of the 
GHG emissions inventory compared with 2020 projections. However, to meet the AB 32 
reduction goals in the emissions sectors that are related to land use development (e.g., on-
road passenger and heavy-duty motor vehicles, commercial and residential area sources 
[i.e., natural gas], electricity generation/consumption, wastewater treatment, and water 
distribution/consumption), staff determined that California would need to achieve an 
approximate 26 percent reduction in GHG emissions from these land use-driven sectors 
(ARB 2009a) by 2020 to return to 1990 land use emission levels.  

Next, in Step 2 of the Gap Analysis, Staff determined the GHG emission reductions 
within the land use-driven sectors that are anticipated to occur from implementation of 
the Scoping Plan measures statewide, which are summarized in Table 2 and described 
below. Since the GHG emission reductions anticipated with the Scoping Plan were not 
accounted for in ARB’s or BAAQMD’s 2020 GHG emissions inventory forecasts (i.e., 
business as usual), an adjustment was made to include (i.e., give credit for) GHG 
emission reductions associated with key Scoping Plans measures, such as the Renewable 
Portfolio Standard, improvements in energy efficiency through periodic updates to Title 
24, AB 1493 (Pavley) (which recently received a federal waiver to allow it to be enacted 
in law),  the Low Carbon Fuel Standard (LCFS), and other measures. With reductions 
from these State regulations (Scoping Plan measures) taken into consideration and 
accounting for an estimated 23.9 percent reduction in GHG emissions, in Step 3 of the 
Gap Analysis Staff determined that the Bay Area would still need to achieve an 
additional 2.3 percent reduction from projected 2020 GHG emissions to meet the 1990 
GHG emissions goal from the land-use driven sectors. This necessary 2.3 percent 
reduction in projected GHG emissions from the land use sector is the “gap” the Bay Area 
needs to fill to do its share to meet the AB 32 goals. Refer to the following explanation 
and Tables 2 through 4 for data used in this analysis.  

Because the transportation sector is the largest emissions sector of the state’s GHG 
emissions inventory, it is aggressively targeted in early actions and other priority actions 
in the Scoping Plan including measures concerning gas mileage (Pavley), fuel carbon 
intensity (LCFS) and vehicle efficiency measures. 
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Table 2 – California 1990, 2002-2004, and 2020 Land Use Sector GHG1 

(MMT CO2e/yr) 

Sector 1990 Emissions 2002-2004 
Average 

2020 BAU 
Emissions 

Projections 

% of 2020 
Total 

Transportation 137.98 168.66 209.06 52% 
On-Road Passenger Vehicles 108.95 133.95 160.78 40% 
On-Road Heavy Duty 29.03 34.69 48.28 12% 
Electric Power 110.63 110.04 140.24 35% 
Electricity 95.39 88.97 107.40 27% 
Cogeneration2 15.24 21.07 32.84 8% 
Commercial and Residential 44.09 40.96 46.79 12% 
Residential Fuel Use 29.66 28.52 32.10 8% 
Commercial Fuel Use 14.43 12.45 14.63 4% 
Recycling and Waste1 2.83 3.39 4.19 1% 
Domestic Wastewater Treatment 2.83 3.39 4.19 1% 
TOTAL GROSS EMISSIONS 295.53 323.05 400.22  
% Reduction Goal from Statewide land use driven sectors (from 2020 
levels to reach 1990 levels in these emission inventory sectors) 26.2% 

% Reduction from AB32 Scoping Plan measures applied to land use 
sectors (see Table 3) -23.9% 

% Reduction needed statewide beyond Scoping Plan measures (Gap)  2.3% 
Notes: MMT CO2e /yr = million metric tons of carbon dioxide equivalent emissions per year. 
1 Landfills not included.  See text. 
2 Cogeneration included due to many different applications for electricity, in some cases provides 
substantial power for grid use, and because electricity use served by cogeneration is often amenable to 
efficiency requirements of local land use authorities. 
Sources: Data compiled by EDAW and ICF Jones & Stokes from ARB data. 

 

Pavley Regulations. The AB 32 Scoping Plan assigns an approximate 20 percent 
reduction in emissions from passenger vehicles associated with the implementation of 
AB 1493. The AB 32 Scoping Plan also notes that “AB 32 specifically states that if the 
Pavley regulations do not remain in effect, ARB shall implement alternative regulations 
to control mobile sources to achieve equivalent or greater reductions of greenhouse gas 
emissions (HSC §38590).” Thus, it is reasonable to assume full implementation of AB 
1493 standards, or equivalent programs that would be implemented by ARB. While the 
Obama administration has proposed national CAFE standards that may be equivalent to 
or even surpass AB 1493, the timing for implementation of the proposed federal 
standards is uncertain such that development of thresholds based on currently unadopted 
federal standards would be premature. BAAQMD may need to revisit this methodology 
as the federal standards come on line, particularly if such standards are more aggressive 
than that forecast under state law. 
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Table 3 – 2020 Land Use Sector GHG Emission Reductions from State Regulations and AB 32 

Measures 

Affected 
Emissions 

Source 

California 
Legislation 

% Reduction 
from 2020 

GHG 
inventory 

End Use Sector (% of Bay Area 
LU Inventory) 

Scaled % 
Emissions 
Reduction 

(credit) 

AB 1493 (Pavley) 19.7% On road passenger/light truck 
transportation (45%) 8.9% 

LCFS 7.2% On road passenger/light truck 
transportation (45%) 3.2% 

LCFS 7.2% On road Heavy/Medium Duty 
Transportation (5%) 0.4% 

Heavy/Medium 
Duty Efficiency 2.9% On road Heavy/Medium Duty 

Transportation (5%) 0.2% 

Mobile  

Passenger Vehicle 
Efficiency 2.8% On road passenger/light truck 

transportation (45%) 1.3% 

Natural gas (Residential, 10%) 1.0% Area  Energy-Efficiency 
Measures 9.5%  

Natural gas (Non-residential,13%) 1.2% 
Renewable 
Portfolio Standard 21.0% Electricity (excluding cogen) 

(17%) 3.5% 

Energy-Efficiency 
Measures 15.7% Electricity (26%) 4.0% 

Indirect  
 

Solar Roofs 1.5% Electricity (excluding cogen) 
(17%) 0.2% 

Total credits given to land use-driven emission inventory sectors from Scoping Plan 
measures  23.9% 

Notes: AB = Assembly Bill; LCFS = Low Carbon Fuel Standard; SB = Senate Bill; RPS = Renewable 
Portfolio Standard 
Please refer to Appendix D for detailed calculations. Sources: Data compiled by ICF Jones & Stokes. 

 
 
LCFS. According to the adopted LCFS rule (CARB, April 2009), the LCFS is expected 
to result in approximately 10 percent reduction in the carbon intensity of transportation 
fuels. However, a portion of the emission reductions required from the LCFS would be 
achieved over the life cycle of transportation fuel production rather than from mobile-
source emission factors. Based on CARB’s estimate of nearly 16 MMT reductions in on-
road emissions from implementation of the LCFS and comparison to the statewide on-
road emissions sector, the LCFS is assumed to result in a 7.2 percent reduction compared 
to 2020 BAU conditions (CARB 2009e). 
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Table 4 – SFBAAB 1990, 2007, and 2020 Land Use Sector GHG Emissions Inventories and 
Projections (MMT CO2e/yr) 

Sector 1990 Emissions 2007 Emissions 2020 Emissions 
Projections 

% of 2020 
Total2 

Transportation 26.1 30.8 35.7 50% 
On-Road Passenger Vehicles 23.0 27.5 32.0  
On-Road Heavy Duty 3.1 3.3 3.7  
Electric Power 25.1 15.2 18.2 26% 
Electricity 16.5 9.9 11.8  
Cogeneration 8.6 5.3 6.4  
Commercial and Residential 8.9 15.0 16.8 24% 
Residential Fuel Use 5.8 7.0 7.5  
Commercial Fuel Use 3.1 8.0 9.3  
Recycling and Waste1 0.2 0.4 0.4 1% 
Domestic Waste Water Treatment 0.2 0.4 0.4  
TOTAL GROSS EMISSIONS 60.3 61.4 71.1  
SFBAAB’s “Fair Share” % Reduction (from 2020 levels to reach 
1990 levels) with AB-32 Reductions (from Table 3) 2.3%  

SFBAAB’s Equivalent Mass Emissions Land Use Reduction Target at 
2020 (MMT CO2e/yr) 1.6  

Notes: MMT CO2e /yr = million metric tons of carbon dioxide equivalent emissions per year; SFBAAB = 
San Francisco Bay Area Air Basin. 
1 Landfills not included. 
2 Percentages do not sum exactly to 100% in table due to rounding.  
Please refer to Appendix D for detailed calculations. 
Sources: Data compiled by EDAW 2009, ICF Jones & Stokes 2009, BAAQMD 2008. 
 
Renewable Portfolio Standard, Energy Efficiency and Solar Roofs. Energy efficiency and 
renewable energy measures from the Scoping Plan were also included in the gap analysis.  
The Renewable Portfolio Standard (rules) will require the renewable energy portion of 
the retail electricity portfolio to be 33 percent in 2020. For PG&E, the dominant 
electricity provider in the Basin, approximately 12 percent of their current portfolio 
qualifies under the RPS rules and thus the gain by 2020 would be approximately 21 
percent. The Scoping Plan also estimates that energy efficiency gains with periodic 
improvement in building and appliance energy standards and incentives will reach 10 to 
15 percent for natural gas and electricity respectively. The final state measure included in 
this gap analysis is the solar roof initiative, which is estimated to result in reduction of the 
overall electricity inventory of 1.5 percent. 

Landfill emissions are excluded from this analysis. While land use development does 
generate waste related to both construction and operations, the California Integrated 
Waste Management Board (CIWMB) has mandatory diversion requirements that will, in 
all probability, increase over time to promote waste reductions, reuse, and recycle. The 
Bay Area has relatively high levels of waste diversion and extensive recycling efforts. 
Further, ARB has established and proposes to increase methane capture requirements for 
all major landfills. Thus, at this time, landfill emissions associated with land use 
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development waste generation is not included in the land use sector inventory used to 
develop this threshold approach. 

Industrial stationary sources thresholds were developed separately from the land use 
threshold development using a market capture approach as described below. However, 
mobile source and area source emissions, as well as indirect electricity emissions that 
derive from industrial use are included in the land use inventory above as these particular 
activities fall within the influence of local land use authorities in terms of the affect on 
trip generation and energy efficiency.  

AB 32 mandates reduction to 1990-equivalent GHG levels by 2020, with foreseeable 
emission reductions from State regulations and key Scoping Plan measures taken into 
account, were applied to the land use-driven emission sectors within the SFBAAB (i.e., 
those that are included in the quantification of emissions from a land use project pursuant 
to a CEQA analysis [on-road passenger vehicles, commercial and residential natural gas, 
commercial and residential electricity consumption, and domestic waste water treatment], 
as directed by OPR in the Technical Advisory: Climate Change and CEQA [OPR 2008]). 
This translates to a 2.3 percent gap in necessary GHG emission reductions by 2020 from 
these sectors. 

2.3.2.3 LAND USE PROJECTS BRIGHT LINE THRESHOLD 

In Steps 4 and 5 of the gap analysis, Staff determined that applying a 2.3 percent 
reduction to these land use emissions sectors in the SFBAAB’s GHG emissions inventory 
would result in an equivalent fair share of 1.6 million metric tons per year (MMT/yr) 
reductions in GHG emissions from new land use development. As additional regulations 
and legislation aimed at reducing GHG emissions from land use-related sectors become 
available in the future, the 1.6 MMT GHG emissions reduction goal may be revisited and 
recalculated by BAAQMD. 

In order to derive the 1.6 MMT “gap,” a projected development inventory for the next ten 
years in the SFBAAB was calculated. (See Table 4 and Revised Draft Options and 
Justifications Report (BAAQMD 2009).) CO2e emissions were modeled for projected 
development in the SFBAAB and compiled to estimate the associated GHG emissions 
inventory. The GHG (i.e., CO2e) CEQA threshold level was adjusted for projected land 
use development that would occur within BAAQMD’s jurisdiction over the period from 
2010 through 2020. 

Projects with emissions greater than the threshold would be required to mitigate to the 
threshold level or reduce project emissions by a percentage (mitigation effectiveness) 
deemed feasible by the Lead Agency under CEQA compared to a base year condition. 
The base year condition is defined by an equivalent size and character of project with 
annual emissions using the defaults in URBEMIS and the California Climate Action 
Registry’s General Reporting Protocol for 2008. By this method, land use project 
mitigation subject to CEQA would help close the “gap” remaining after application of the 
key regulations and measures noted above supporting overall AB 32 goals.   
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This threshold takes into account Steps 1-8 of the gap analysis described above to arrive 
at a numerical mass emissions threshold. Various mass emissions significance threshold 
levels (i.e., bright lines) could be chosen based on the mitigation effectiveness and 
performance anticipated to be achieved per project to meet the aggregate emission 
reductions of 1.6 MMT needed in the SFBAAB by 2020. (See Table 5 and Revised Draft 
Options and Justifications Report (BAAQMD 2009).) Staff recommends a 1,100 MT 
CO2e per year threshold. Choosing a 1,100 MT mass emissions significance threshold 
level (equivalent to approximately 60 single-family units), would result in about 59 
percent of all projects being above the significance threshold and having to implement 
feasible mitigation measures to meet their CEQA obligations.  These projects account for 
approximately 92 percent of all GHG emissions anticipated to occur between now and 
2020 from new land use development in the SFBAAB.  

Project applicants and lead agencies could use readily available computer models to 
estimate a project’s GHG emissions, based on project specific attributes, to determine if 
they are above or below the bright line numeric threshold. With this threshold, projects 
that are above the threshold level, after consideration of emission-reducing characteristics 
of the project as proposed, would have to reduce their emissions to below the threshold to 
be considered less than significant.  

Establishing a “bright line” to determine the significance of a project’s GHG emissions 
impact provides a level of certainty to lead agencies in determining if a project needs to 
reduce its GHG emissions through mitigation measures and when an EIR is required.  
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Table 5 – Operational GHG Threshold Sensitivity Analysis 
Mitigation Effectiveness Assumptions 

Option 
Performance 

Standards Applied to 
All Projects with 

Emissions < 
Threshold Level 

Mitigation 
Effectiveness 

Applied to 
Emissions > 

Threshold Level 

Mass Emission 
Threshold Level 
(MT CO2e/yr) 

% of Projects 
Captured 

(>threshold) 

% of 
Emissions 
Captured 

 (> threshold)

Emissions 
Reduction per 
year (MT/yr) 

Aggregate 
Emissions 
Reduction 
(MMT) at 

2020 

Threshold Project 
Size Equivalent 
(single family 

dwelling units) 

1A N/A 30% 975 60% 93% 201,664 2.0 53 
1A N/A 25% 110 96% 100% 200,108 2.0 66 
1A N/A 30% 1,225 21% 67% 159,276 1.6 67 
1A N/A 26% 1,100 59% 92% 159,877 1.6 60 
1A N/A 30% 2,000 14% 61% 143,418 1.4 109 
1A N/A 25% 1,200 58% 92% 136,907 1.4 66 
1A N/A 30% 3,000 10% 56% 127,427 1.3 164 
1A N/A 25% 1,500 20% 67% 127,303 1.3 82 
1B 26% N/A N/A 100% 100% 208,594 2.1 N/A1 

1C 5% 30% 1,900 15% 62% 160,073 1.6 104 
1C 10% 25% 1,250 21% 67% 159,555 1.6 68 
1C 5% 30% 3,000 10% 56% 145,261 1.5 164 
1C 10% 25% 2,000 4% 61% 151,410 1.5 109 
1C 10% 30% 10,000 2% 33% 125,271 1.3 547 

Notes: MMT = million metric tons per year; MT CO2e/yr = metric tons of carbon dioxide equivalent emissions per year; MT/yr = metric tons per year; N/A = not applicable. 
1 Any project subject to CEQA would trigger this threshold. 
Please refer to Appendix E for detailed calculations. 
Source: Data modeled by ICF Jones & Stokes. 
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2.3.2.4 LAND USE PROJECTS EFFICIENCY-BASED THRESHOLD 

GHG efficiency metrics can also be utilized as thresholds to assess the GHG efficiency of a 
project on a per capita basis (residential only projects) or on a “service population” basis 
(the sum of the number of jobs and the number of residents provided by a project) such that 
the project will allow for consistency with the goals of AB 32 (i.e., 1990 GHG emissions 
levels by 2020). GHG efficiency thresholds can be determined by dividing the GHG 
emissions inventory goal (allowable emissions), by the estimated 2020 population and 
employment. This method allows highly efficient projects with higher mass emissions to 
meet the overall reduction goals of AB 32. Staff believes it is more appropriate to base the 
land use efficiency threshold on the service population metric for the land use-driven 
emission inventory. This approach is appropriate because the threshold can be applied 
evenly to all project types (residential or commercial/retail only and mixed use) and uses 
only the land use emissions inventory that is comprised of all land use projects. Staff will 
provide the methodology to calculate a project’s GHG emissions in the revised CEQA 
Guidelines, such as allowing infill projects up to a 50 percent or more reduction in daily 
vehicle trips if the reduction can be supported by close proximity to transit and support 
services, or a traffic study prepared for the project. 

Table 6 – California 2020 GHG Emissions, Population Projections and GHG Efficiency 
Thresholds - Land Use Inventory Sectors 

Land Use Sectors Greenhouse Gas Emissions Target 295,530,000 
Population 44,135,923 
Employment 20,194,661 
California Service Population (Population + Employment) 64,330,584 
AB 32 Goal GHG emissions (metric tons CO2e)/SP1 4.6 
Notes: AB = Assembly Bill; CO2e = carbon dioxide equivalent; GHG = greenhouse gas; SP = service 
population. 
1 Greenhouse gas efficiency levels were calculated using only the “land use-related” sectors of ARB’s 
emissions inventory. 
Please refer to Appendix D for detailed calculations. 
Sources: Data compiled by EDAW 2009, ARB 2009a, DOF 2009, EDD 2009, ICF Jones & Stokes 2009. 
 

Staff proposes a project-level efficiency threshold of 4.6 MT CO2e/SP, the derivation of 
which is shown Table 6. This efficiency-based threshold reflects very GHG-efficient 
projects. As stated previously and below, staff anticipates that significance thresholds 
(rebuttable presumptions of significance at the project level) will function on an interim 
basis only until adequate programmatic approaches are in place at the city, county, and 
regional level that will allow the CEQA streamlining of individual projects. (See Draft 
CEQA Guidelines, proposed section 15183.5 ["Tiering and Streamlining the Analysis of 
Greenhouse Gas Emissions"]). In advance of such programmatic approaches, local 
agencies may wish to apply this efficiency-based recommended threshold with some 
discretion, taking into account not only the project's efficiency, but also its total GHG 
emissions. Even where a project is relatively GHG-efficient as compared to other 
projects, in approving the project, the lead agency is committing to use what is essentially 
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its GHG "budget" in a given way. Expending this "budget" on the proposed project may 
affect other development opportunities and associated obligations to mitigate or conflict 
with other actions that the community may wish to take to reduce its overall GHG 
emissions after it has conducted its programmatic analysis.  
 
Accordingly, in applying the efficiency-based threshold of 4.6 MT CO2e/SP, the lead 
agency might also wish to consider the project's total emissions. Where a project meets 
the efficiency threshold but would still have very large GHG emissions, the lead agency 
may wish to consider whether the project's contributions to climate change might still be 
cumulatively considerable and whether additional changes to the project or mitigation 
should be required.  Staff notes that even where the project may be significant as it relates 
to climate change, the lead agency may find that the project should nonetheless be 
approved in light of its benefits; in that case, the lead agency may wish to note the 
project’s efficiency and any innovative design features in the Statement of Overriding 
Considerations. 
 
2.3.3 PLAN-LEVEL GHG THRESHOLDS 

Staff proposes using a two step process for determining the significance of proposed 
plans and plan amendments for GHG. As a first step in assessing plan-level impacts, Staff 
is proposing that agencies that have adopted a qualified climate action plan (or have 
incorporated similar criteria in their General Plan) and the General Plan or Transportation 
Plan are consistent with the climate action plan, the General Plan or Transportation Plan 
would be considered less than significant. In addition, as discussed above for project-
level GHG impacts, Staff is proposing an efficiency threshold to assess plan-level 
impacts. Staff believes a programmatic approach to limiting GHG emissions is 
appropriate at the plan-level. Thus, as projects consistent with the climate action plan are 
proposed, they may be able to tier off the plan and its environmental analysis. 
 
2.3.3.1 GHG EFFICIENCY METRICS FOR PLANS 

For local land use plans, a GHG-efficiency metric (e.g., GHG emissions per unit) would 
enable comparison of a proposed general plan to its alternatives and to determine if the 
proposed general plan meets AB 32 emission reduction goals. 

AB 32 identifies local governments as essential partners in achieving California’s goal to 
reduce GHG emissions. Local governments have primary authority to plan, zone, 
approve, and permit how and where land is developed to accommodate population 
growth and the changing needs of their jurisdiction. ARB has developed the Local 
Government Operations Protocol and is developing a protocol to estimate community-
wide GHG emissions. ARB encourages local governments to use these protocols to track 
progress in reducing GHG emissions. ARB encourages local governments to 
institutionalize the community’s strategy for reducing its carbon footprint in its general 
plan. SB 375 creates a process for regional integration of land development patterns and 
transportation infrastructure planning with the primary goal of reducing GHG emissions 
from the largest sector of the GHG emission inventory, light duty vehicles.  
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If the statewide AB 32 GHG emissions reduction context is established, GHG efficiency 
can be viewed independently from the jurisdiction in which the plan is located. Expressing 
projected 2020 mass of emissions from land use-related emissions sectors by comparison to 
a demographic unit (e.g., population and employment) provides evaluation of the GHG 
efficiency of a project in terms of what emissions are allowable while meeting AB 32 
targets.  

Two approaches were considered for efficiency metrics. The “service population” (SP) 
approach would consider efficiency in terms of the GHG emissions compared to the sum of 
the number of jobs and the number of residents at a point in time. The per capita option 
would consider efficiency in terms of GHG emissions per resident only. Staff recommends 
that the efficiency threshold for plans be based on all emission inventory sectors because, 
unlike land use projects, community-wide or regional plans comprise more than just land 
use related emissions (e.g. industrial). Further, Staff recommends that plan threshold be 
based on the service population metric as community-wide plans or regional plans include 
a mix of residents and employees. The Service Population metric would allow decision 
makers to compare GHG efficiency of general plan alternatives that vary residential and 
non-residential development totals, encouraging GHG efficiency through improving 
jobs/housing balance. This approach would not give preference to communities that 
accommodate more residential (population-driven) land uses than non-residential 
(employment driven) land uses which could occur with the per capita approach. 

A SP-based GHG efficiency metric (see Table 7) was derived from the emission rates at 
the State level that would accommodate projected population and employment growth 
under trend forecast conditions, and the emission rates needed to accommodate growth 
while allowing for consistency with the goals of AB 32 (i.e., 1990 GHG emissions levels 
by 2020).  

Table 7 – California 2020 GHG Emissions, Population Projections and GHG Efficiency 
Thresholds - All Inventory Sectors 

All Inventory Sectors Greenhouse Gas Emissions Target 426,500,000 
Population 44,135,923 
Employment 20,194,661 
California Service Population (Population + Employment) 64,330,584 
AB 32 Goal GHG emissions (metric tons CO2e)/SP1 6.6 
Notes: AB = Assembly Bill; CO2e = carbon dioxide equivalent; GHG = greenhouse gas; SP = service 
population. 
1 Greenhouse gas efficiency levels were calculated using only the “land use-related” sectors of ARB’s 
emissions inventory. 
Please refer to Appendix D for detailed calculations. 
Sources: Data compiled by EDAW 2009, ARB 2009a, DOF 2009, EDD 2009, ICF Jones & Stokes 2009. 
 

If a general plan demonstrates, through dividing the emissions inventory projections (MT 
CO2e) by the amount of growth that would be accommodated in 2020, that it could meet 
the GHG efficiency metrics proposed in this section (6.6 MT CO2e/SP from all emission 
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sectors, as noted in Table 7), then the amount of GHG emissions associated with the 
general plan would be considered less than significant, regardless of its size (and 
magnitude of GHG emissions). In other words, the general plan would accommodate 
growth in a manner that would not hinder the State’s ability to achieve AB 32 goals, and 
thus, would be less than significant for GHG emissions and their contribution to climate 
change. The efficiency metric would not penalize well-planned communities that propose 
a large amount of development. Instead, the SP-based GHG efficiency metric acts to 
encourage the types of development that BAAQMD and OPR support (i.e., infill and 
transit-oriented development) because it tends to reduce GHG and other air pollutant 
emissions overall, rather than discourage large developments for being accompanied by a 
large mass of GHG emissions. Plans that are more GHG efficient would have no or 
limited mitigation requirements to help them complete the CEQA process more readily 
than plans that promote GHG inefficiencies, which will require detailed design of 
mitigation during the CEQA process and could subject a plan to potential challenge as to 
whether all feasible mitigation was identified and adopted. This type of threshold can 
shed light on a well-planned general plan that accommodates a large amount of growth in 
a GHG-efficient way. 

When analyzing long-range plans, such as general plans, it is important to note that the 
planning horizon will often surpass the 2020 timeframe for implementation of AB 32. 
Executive Order S-3-05 establishes a more aggressive emissions reduction goal for the 
year 2050 of 80 percent below 1990 emissions levels. The year 2020 should be viewed as 
a milestone year, and the general plan should not preclude the community from a 
trajectory toward the 2050 goal. However, the 2020 timeframe is examined in this 
threshold evaluation because doing so for the 2050 timeframe (with respect to population, 
employment, and GHG emissions projections) would be too speculative. Advances in 
technology and policy decisions at the state level will be needed to meet the aggressive 
2050 goals. It is beyond the scope of the analysis tools available at this time to examine 
reasonable emissions reductions that can be achieved through CEQA analysis in the year 
2050. As the 2020 timeframe draws nearer, BAAQMD will need to reevaluate the 
threshold to better represent progress toward 2050 goals. 
 
2.3.4 CLIMATE ACTION PLANS 

Finally, many local agencies have already undergone or plan to undergo efforts to create 
general or other plans that are consistent with AB 32 goals.  The Air District encourages 
such planning efforts and recognizes that careful upfront planning by local agencies is 
invaluable to achieving the state’s GHG reduction goals.  If a project is consistent with an 
adopted Qualified Climate Action Plan that addresses the project’s GHG emissions, it can 
be presumed that the project will not have significant GHG emission impacts. This 
approach is consistent with CEQA Guidelines Section 15064(h)(3), which provides that a 
“lead agency may determine that a project’s incremental contribution to a cumulative 
effect is not cumulatively considerable if the project will comply with the requirements in 
a previously approved plan or mitigation program which provides specific requirements 
that will avoid or substantially lessen the cumulative problem.”   
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A qualified Climate Action Plan (or similar adopted policies, ordinances and programs) is 
one that is consistent with all of the AB 32 Scoping Plan measures and goals. The 
Climate Action Plan should identify a land use design, transportation network, goals, 
policies and implementation measures that would achieve AB 32 goals. Plans with 
horizon years beyond 2020 should consider continuing the downward reduction path set 
by AB 32 and move toward climate stabilization goals established in Executive Order S-
3-05. 

Qualified Climate Action Plans 
A qualified Climate Action Plan adopted by a local jurisdiction should include the 
following. The District’s revised CEQA Guidelines will provide the methodology to 
determine if a Climate Action Plan meets these requirements. 

► GHG Inventory for Current Year and Forecast for 2020 (and for 1990 if the reduction 
goal is based on 1990 emission levels). 

► An adopted GHG Reduction Goal for 2020 for the jurisdiction from all sources 
(existing and future) which is at least one of the following:  1990 GHG emission 
levels, 15 percent below 2008 emission levels, or 28 percent below BAU Forecasts 
for 2020 (if including non-land use sector emissions in the local inventory; otherwise 
can use 26.2 percent if only including land use sector emissions). 

► Identification of feasible reduction measures to reduce GHG emissions for 2020 to 
the identified target. 

► Application of relevant reduction measures included in the AB 32 Scoping Plan that 
are within the jurisdiction of the local land use authority (such as building energy 
efficiency, etc.). 

► Quantification of the reduction effectiveness of each of the feasible measures 
identified including disclosure of calculation method and assumptions. 

► Identification of implementation steps and financing mechanisms to achieve the 
identified goal by 2020. 

► Procedures for monitoring and updating the GHG inventory and reduction measures 
at least twice before 2020 or at least every five years. 

► Identification of responsible parties for Implementation.  

► Schedule of implementation. 

► Certified CEQA document, or equivalent process (see below). 

Local Climate Action Policies, Ordinances and Programs 
Air District staff recognizes that many communities in the Bay Area have been proactive 
in planning for climate change but have not yet developed a stand-alone Climate Action 
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Plan that meets the above criteria. Many cities and counties have adopted climate action 
policies, ordinances and program that may in fact achieve the goals of a qualified climate 
action plan. Staff recommends that if a local jurisdiction can demonstrate that its 
collective set of climate action policies, ordinances and other programs is consistent with 
AB 32, includes requirements or feasible measures to reduce GHG emissions and 
achieves one of the following GHG emission reduction goals,3 the AB 32 consistency 
demonstration should be considered equivalent to a qualified climate action plan: 

► 1990 GHG emission levels, 

► 15 percent below 2008 emission levels, or 

► 28 percent below BAU Forecasts for 2020 (if including non-land use sector emissions 
in the local inventory; otherwise can use 26.2 percent if only including land use sector 
emissions). 

Qualified Climate Action Plans that are tied to the AB 32 reduction goals would promote 
reductions on a plan level without impeding the implementation of GHG-efficient 
development, and would recognize the initiative of many Bay Area communities who 
have already developed or are in the process of developing a GHG reduction plan. The 
details required above for a qualified Climate Action Plan (or similar adopted policies, 
ordinances and programs) would provide the evidentiary basis for making CEQA 
findings that development consistent with the plan would result in feasible, measureable, 
and verifiable GHG reductions consistent with broad state goals such that projects 
approved under qualified Climate Action Plans or equivalent demonstrations would 
achieve their fair share of GHG emission reductions.   

2.3.5 STATIONARY SOURCE GHG THRESHOLD 

Staff’s recommended threshold for stationary source GHG emissions is based on 
estimating the GHG emissions from combustion sources for all permit applications 
submitted to the Air District in 2005, 2006 and 2007. The analysis is based only on CO2 
emissions from stationary sources, as that would cover the vast majority of the GHG 
emissions due to stationary combustion sources in the SFBAAB. The estimated CO2 
emissions were calculated for the maximum permitted amount, i.e. emissions that would 
be emitted if the sources applying for a permit application operate at maximum permitted 
load and for the total permitted hours. All fuel types are included in the estimates. For 
boilers burning natural gas, diesel fuel is excluded since it is backup fuel and is used only 
if natural gas is not available. Emission values are estimated before any offsets (i.e., 
Emission Reduction Credits) are applied. GHG emissions from mobile sources, 
electricity use and water delivery associated with the operation of the permitted sources 
are not included in the estimates. 

                                                 
3 Lead agencies using consistency with their jurisdiction’s climate action policies, ordinances and 
programs as a measure of significance under CEQA Guidelines section 15064(h)(3) should 
ensure that the policies, ordinances and programs satisfy all of the requirements of that subsection 
before relying on them in a CEQA analysis. 
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It is projected that a threshold level of 10,000 metric tons of CO2e per year would capture 
approximately 95 percent of all GHG emissions from new permit applications from 
stationary sources in the SFBAAB.  That threshold level was calculated as an average of 
the combined CO2 emissions from all stationary source permit applications submitted to 
the Air District during the three year analysis period. 

Staff recommends this 10,000 MT of CO2/yr as it would address a broad range of 
combustion sources and thus provide for a greater amount of GHG reductions to be 
captured and mitigated through the CEQA process.  As documented in the Scoping Plan, 
in order to achieve statewide reduction targets, emissions reductions need to be obtained 
through a broad range of sources throughout the California economy and this threshold 
would achieve this purpose. While this threshold would capture 95 percent of the GHG 
emissions from new permit applications, the threshold would do so by capturing only the 
large, significant projects. Permit applications with emissions above the 10,000 MT of 
CO2/yr threshold account for less than 10 percent of stationary source permit applications 
which represent 95 percent of GHG emissions from new permits analyzed during the 
three year analysis period.   

This threshold would be considered an interim threshold and Air District staff will 
reevaluate the threshold as AB 32 Scoping Plan measures such as cap and trade are more 
fully developed and implemented at the state level. 

2.3.6 SUMMARY OF JUSTIFICATION FOR GHG THRESHOLDS  

The bright-line numeric threshold of 1,100 MT CO2e/yr is a numeric emissions level 
below which a project’s contribution to global climate change would be less than 
“cumulatively considerable.” This emissions rate is equivalent to a project size of 
approximately 60 single-family dwelling units, and approximately 59 percent of all future 
projects and 92 percent of all emissions from future projects would exceed this level. For 
projects that are above this bright-line cutoff level, emissions from these projects would 
still be less than cumulatively significant if the project as a whole would result in an 
efficiency of 4.6 MT CO2e per service population or better for mixed-use projects.  
Projects with emissions above 1,100 MT CO2e/yr would therefore still be less than 
significant if they achieved project efficiencies below these levels. If projects as proposed 
exceed these levels, they would be required to implement mitigation measures to bring 
them back below the 1,100 MT CO2e/yr bright-line cutoff or within the 4.6 MT CO2e 
Service Population efficiency threshold. If mitigation did not bring a project back within 
the threshold requirements, the project would be cumulatively significant and could be 
approved only with a Statement of Overriding Considerations and a showing that all 
feasible mitigation measures have been implemented. Projects’ GHG emissions would 
also be less than significant if they comply with a Qualified Climate Action Plan. 

As explained in the preceding analyses of these thresholds, the greenhouse gas emissions 
from land use projects expected between now and 2020 built in compliance with these 
thresholds would be approximately 26 percent below BAU 2020 conditions and thus 
would be consistent with achieving an AB 32 equivalent reduction. The 26 percent 
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reduction from BAU 2020 from new projects built in conformance with these proposed 
thresholds would achieve an aggregate reduction of approximately 1.6 MMT CO2e/yr, 
which is the level of emission reductions from new Bay Area land use sources needed to 
meet the AB 32 goals, per ARB’s Scoping Plan as discussed above.   

Projects with greenhouse gas emissions in conformance with these proposed thresholds 
would therefore not be considered significant for purposes of CEQA. Although the 
emissions from such projects would add an incremental amount to the overall greenhouse 
gas emissions that cause global climate change impacts, emissions from projects 
consistent with these thresholds would not be a “cumulatively considerable” contribution 
under CEQA. Such projects would not be “cumulatively considerable” because they 
would be helping to solve the cumulative problem as a part of the AB 32 process. 

California’s response to the problem of global climate change is to reduce greenhouse gas 
emissions to 1990 levels by 2020 under AB 32 as a near-term measure and ultimately to 
80 percent below 1990 levels by 2050 as the long-term solution to stabilizing greenhouse 
gas concentrations in the atmosphere at a level that will not cause unacceptable climate 
change impacts. To implement this solution, the Air Resources Board has adopted a 
Scoping Plan and budgeted emissions reductions that will be needed from all sectors of 
society in order to reach the interim 2020 target. 

The land-use sector in the Bay Area needs to achieve aggregate emission reductions of 
approximately 1.6 MMT CO2e/yr from new projects between now and 2020 to achieve 
this goal, as noted above, and each individual new project will need to achieve its own 
respective portion of this amount in order for the Bay Area land use sector as a whole to 
achieve its allocated emissions target. Building all of the new projects expected in the 
Bay Area between now and 2020 in accordance with the thresholds that District staff are 
proposing will achieve the overall appropriate share for the land use sector, and building 
each individual project in accordance with the proposed thresholds will achieve that 
individual project’s respective portion of the emission reductions needed to implement 
the AB 32 solution. For these reasons, projects built in conformance with the proposed 
thresholds will be part of the solution to the cumulative problem, and not part of the 
continuing problem. They will allow the Bay Area’s land use sector to achieve the 
emission reductions necessary from that sector for California to implement its solution to 
the cumulative problem of global climate change. As such, even though such projects 
will add an incremental amount of greenhouse gas emissions, their incremental 
contribution will be less than “cumulatively considerable” because they are helping to 
achieve the cumulative solution, not hindering it. Such projects will therefore not be 
“significant” for purposes of CEQA. (See CEQA Guidelines §15064(h)(1).)  

The conclusion that land use projects that comply with these proposed thresholds is also 
supported by CEQA Guidelines Section 15030(a)(3), which provides that a project’s 
contribution to a cumulative problem can be less that cumulatively considerable “if the 
project is required to implement or fund its fair share of a mitigation measure or measures 
designed to alleviate the cumulative impact.” In the case of greenhouse gas emissions 
associated with land use projects, achieving the amount of emission reductions below 
BAU that will be required to achieve the AB 32 goals is the project’s “fair share” of the 
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overall emission reductions needed under ARB’s scoping plan to reach the overall 
statewide AB 32 emissions levels for 2020. If a project is designed to implement 
greenhouse gas mitigation measures that achieve a level of reductions consistent with 
what is required from all new land use projects to achieve the land use sector “budget” – 
i.e., keeping overall project emissions below 1,100 MT CO2e/yr or ensuring that project 
efficiency is better than 4.6 MT CO2e/service population – then it will be implementing 
its share of the mitigation measures necessary to alleviate the cumulative impact, as 
shown in the analyses set forth above.   
 
It is also worth noting that this “fair share” approach is flexible and will allow a project’s 
significance to be determined by how well it is designed from a greenhouse-gas 
efficiency standpoint, and not just by the project’s size. For example, a large high-density 
infill project located in an urban core nearby to public transit and other alternative 
transportation options, and built using state-of-the-art energy efficiency methods and 
improvements such as solar panels, as well as all other feasible mitigation measures, 
would not become significant for greenhouse gas purposes (and thus require a Statement 
of Overriding Considerations in order to be approved) simply because it happened to be a 
large project. Projects such as this hypothetical development with low greenhouse-gas 
emissions per service population are what California will need in the future in order to do 
its part in achieving a solution to the problem of global climate change. The 
determination of significance under CEQA should therefore take these factors into 
account, and staff’s proposed significance thresholds would achieve this important policy 
goal. In all, land use sector projects that comply with the GHG thresholds would not be 
“cumulatively considerable” because they would be helping to solve the cumulative 
problem as a part of the AB 32 process. 
 
Likewise, new Air District permit applications for stationary sources that comply with the 
quantitative threshold of 10,000 MT CO2e/yr would not be “cumulatively considerable” 
because they also would not hinder the state’s ability to solve the cumulative greenhouse 
gas emissions problem pursuant to AB 32. Unlike the land use sector, the AB 32 Scoping 
Plan measures, including the cap-and-trade program, provide for necessary emissions 
reductions from the stationary source sector to achieve AB 32 2020 goals.    
 
While stationary source projects will need to comply with the cap-and-trade program 
once it is enacted and reduce their emissions accordingly, the program will be phased in 
over time starting in 2012 and at first will only apply to the very largest sources of GHG 
emissions. In the mean time, certain stationary source projects, particularly those with 
large GHG emissions, still will have a cumulatively considerable impact on climate 
change. The 10,000 MT CO2e/yr threshold will capture 95 percent of the stationary 
source sector GHG emissions in the Bay Area.  The five percent of emissions that are 
from stationary source projects below the 10,000 MT CO2e/yr threshold account for a 
small portion of the Bay Area’s total GHG emissions from stationary sources and these 
emissions come from very small projects. Such small stationary source projects will not 
significantly add to the global problem of climate change, and they will not hinder the 
Bay Area’s ability to reach the AB 32 goal in any significant way, even when considered 
cumulatively. In Air District’s staff’s judgment, the potential environmental benefits from 
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requiring EIRs and mitigation for these projects would be insignificant. In all, based on 
staff’s expertise, stationary source projects with emissions below 10,000 MT CO2e/yr 
will not provide a cumulatively considerable contribution to the cumulative impact of 
climate change. 
 
 

3 COMMUNITY RISK AND HAZARD THRESHOLDS 

To address community risk from air toxics, the Air District initiated the Community Air 
Risk Evaluation (CARE) program in 2004 to identify locations with high levels of risk 
from ambient toxic air contaminants (TAC) co-located with sensitive populations and use 
the information to help focus mitigation measures. Through the CARE program, the Air 
District developed an inventory of TAC emissions for 2005 and compiled demographic 
and heath indicator data.  According to the findings of the CARE Program, diesel PM—
mostly from on and off-road mobile sources—accounts for over 80 percent of the 
inhalation cancer risk from TACs in the Bay Area (BAAQMD 2006).  

The Air District applied a regional air quality model using the 2005 emission inventory 
data to estimate excess cancer risk from ambient concentrations of important TAC 
species, including diesel PM, 1,3-butadiene, benzene, formaldehyde and acetaldehyde.  
The highest cancer risk levels from ambient TAC in the Bay Area tend to occur in the 
core urban areas, along major roadways and adjacent to freeways and port activity. 
Cancer risks in areas along these major freeways are estimated to range from 200 to over 
500 excess cases in a million for a lifetime of exposure. Priority  communities within the 
Bay Area – defined as having higher emitting sources, highest air concentrations, and 
nearby low income and sensitive populations – include the urban core areas of Concord, 
eastern San Francisco, western Alameda County, Redwood City/East Palo Alto, 
Richmond/San Pablo, and San Jose. 

Fifty percent of BAAQMD’s population was estimated to have an ambient background 
inhalation cancer risk of less than 500 cases in one million, based on emission levels in 
2005. Table 8 presents a summary of percentages of the population exposed to varying 
levels of cancer risk from ambient TACs. Approximately two percent of the SFBAAB 
population is exposed to background risk levels of less than 200 excess cases in one 
million. This is in contrast to the upper percentile ranges where eight percent of the 
SFBAAB population is exposed to background risk levels of greater than 1,000 excess 
cases per one million. To identify and reduce risks from TAC, this chapter presents 
thresholds of significance for both cancer risk and non-cancer health hazards. 
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Table 8 – Statistical Summary of Estimated Population-Weighted Ambient Cancer Risk in 2005 
Percentage of Population 

(Percent below level of ambient risk) 
Ambient Cancer Risk  

(inhalation cancer cases in one million) 
92 1,000 
90 900 
83 800 
77 700 
63 600 
50 500 
32 400 
13 300 
2 200 

<1 100 

Source: Data compiled by EDAW 2009.  
 
Many scientific studies have linked fine particulate matter and traffic-related air pollution 
to respiratory illness (Hiltermann et al. 1997, Schikowski et al 2005, Vineis et al. 2007) 
and premature mortality (Dockery 1993, Pope et al. 1995, Jerrett et al. 2005). Traffic-
related air pollution is a complex mix of chemical compounds (Schauer et al. 2006), often 
spatially correlated with other stressors, such as noise and poverty (Wheeler and Ben-
Shlomo 2005). While such correlations can be difficult to disentangle, strong evidence 
for adverse health effects of fine particulate matter (PM2.5) has been developed for 
regulatory applications in a recent consensus-based study by the California Air Resources 
Board. This study found that a 10 percent increase in PM2.5 concentrations increased the 
non-injury death rate by 10 percent (ARB 2008).  

Public Health Officers for four counties in the San Francisco Bay Area in 2009 provided 
testimony to the Air District’s Advisory Council (February 11, 2009, Advisory Council 
Meeting on Air Quality and Public Health). Among the recommendations made, was that 
PM2.5, in addition to TACs, be considered in assessments of community-scale impacts of 
air pollution. In consideration of the scientific studies and recommendations by the Bay 
Area Health Directors, it is apparent that, in addition to the significance thresholds for 
local-scale TAC, thresholds of significance are required for near-source, local-scale 
concentrations of PM2.5. 
 
3.2 PROPOSED THRESHOLDS OF SIGNIFICANCE 

Proposed thresholds of significance and Board-requested options are presented in this 
section: 
 

• The Staff Proposal includes thresholds for cancer risk, non-cancer health 
hazards, and fine particulate matter. 
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• Board Option 1 includes tiered thresholds for new sources in impacted 
communities. Thresholds for receptors and cumulative impacts are the same as the 
Staff Proposal. 

• Board Option 2 removes the option for a qualified Community Risk Reduction 
Plan from the Staff Proposal. 

 
Proposal/Option Construction-Related Operational-Related 

Project-Level – Individual Project 

Risks and Hazards 
(Individual Project) 

 
Staff Proposal 

 
Same as Operational 

Thresholds* 
 

All Areas: Siting a New Source or Receptor 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Increased cancer risk of >10.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.3 µg/m3 annual 

average 
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 

Same as Operational 
Thresholds* 

Impacted Communities: Siting a New Source 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Increased cancer risk of >5.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.2 µg/m3 annual 

average 
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 
Risks and Hazards 
(Individual Project) 

 
Board Option 1 

 
Tiered Thresholds 

Same as Operational 
Thresholds* 

Impacted Communities: Siting a New Receptor 
All Other Areas: Siting a New Source or Receptor 

 
Compliance with Qualified Risk Reduction Plan 

OR 
Increased cancer risk of >10.0 in a million 

Increased  non-cancer risk of > 1.0 Hazard Index 
(Chronic or Acute) 

Ambient PM2.5 increase: > 0.3 µg/m3 annual 
average 

 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 
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Proposal/Option Construction-Related Operational-Related 

Risks and Hazards 
(Individual Project) 

 
Board Option 2 

 
Quantitative 
Thresholds 

Same as Operational 
Thresholds* 

All Areas: Siting a New Source or Receptor 
 

Increased cancer risk of >10.0 in a million 
Increased  non-cancer risk of > 1.0 Hazard Index 

(Chronic or Acute) 
Ambient PM2.5 increase: > 0.3 µg/m3 annual 

average 
 
Zone of Influence: 1,000-foot radius from fence 

line of source or receptor 

Accidental Release of 
Acutely Hazardous 

Air Pollutants 
None 

Storage or use of acutely hazardous materials 
locating near receptors or receptors locating near 

stored or used acutely hazardous materials 
considered significant 

Project-Level – Cumulative 

Risks and Hazards 
(Cumulative 
Thresholds) 

Same as Operational 
Thresholds* 

All Areas: Siting a New Source or Receptor 
 

Compliance with Qualified Risk Reduction Plan 
OR 

Cancer: > 100 in a million (from all local sources) 
Non-cancer: > 1.0 Hazard Index (from all local 

sources) (Chronic or Acute) 
PM2.5: 

> 0.8 µg/m3 annual average (from all local sources) 
 

Zone of Influence: 1,000-foot radius from fence 
line of source or receptor 

Plan-Level 

Plans None 

1. Overlay zones around existing and planned 
sources of TACs (including adopted Risk 
Reduction Plan areas) and odors. 

2. Overlay zones of at least 500 feet (or Air 
District-approved modeled distance) from all 
freeways and high volume roadways. 

Accidental Release of 
Acutely Hazardous 

Air Pollutants 
None None 

* Note: The Air District recommends that for construction projects that are less than one year duration, 
Lead Agencies should annualize impacts over the scope of actual days that peak impacts are to occur, 
rather than the full year. 
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3.3 JUSTIFICATION AND SUBSTANTIAL EVIDENCE 
SUPPORTING THRESHOLDS 

The goal of the proposed thresholds is to ensure that no source creates, or receptor 
endures, a significant adverse impact from any individual project, and that the total of all 
nearby directly emitted risk and hazard emissions is also not significantly adverse. The 
thresholds for local risks and hazards from TAC and PM2.5 are intended to apply to all 
sources of emissions, including both permitted stationary sources and on- and off-road 
mobile sources, such as sources related to construction, busy roadways, or freight 
movement. 

Thresholds for an individual new source are designed to ensure that the source does not 
contribute a cumulatively significant impact. Cumulative thresholds for sources recognize 
that some areas are already near or at levels of significant impact. If within such an area 
there are receptors, or it can reasonably be foreseen that there will be receptors, then a 
cumulative significance threshold sets a level beyond which any additional risk is 
significant.  

For new receptors – sensitive populations or the general public – thresholds of 
significance are designed to identify levels of contributed risk or hazards from existing 
local sources that pose a significant risk to the receptors. Single-source thresholds for 
receptors are provided to recognize that within the area defined there can be variations in 
risk levels that may be significant. Single-source thresholds assist in the identification of 
significant risks, hazards, or concentrations in a subarea, within the area defined by the 
selected radius. Cumulative thresholds for receptors are designed to account for the 
effects of all sources within the defined area.  

Cumulative thresholds, for both sources and receptors, must consider the size of the 
source area, defined by a radius from the proposed project. To determine cumulative 
impacts from a prescribed zone of influence requires the use of modeling. The larger the 
radius, the greater the number of sources considered that may contribute to the modeled 
risk and, until the radius approaches a regional length scale, the greater the expected 
modeled risk increment. If the area of impact considered were grown to the scale of a 
city, the modeled risk increment would approach the risk level present in the ambient air.  
 
3.3.1 SCIENTIFIC AND REGULATORY JUSTIFICATION 

Regulatory Framework for TACs 
Prior to 1990, the Clean Air Act required EPA to list air toxics it deemed hazardous and 
to establish control standards which would restrict concentrations of hazardous air 
pollutants (HAP) to a level that would prevent any adverse effects “with an ample margin 
of safety.” By 1990, EPA had regulated only seven such pollutants and it was widely 
acknowledged by that time that the original Clean Air Act had failed to address toxic air 
emissions in any meaningful way. As a result, Congress changed the focus of regulation 
in 1990 from a risk-based approach to technology-based standards. Title III, Section 
112(b) of the 1990 Clean Air Act Amendment established this new regulatory approach. 
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Under this framework, prescribed pollution control technologies based upon maximum 
achievable control technology (MACT) were installed without the a priori estimation of 
the health or environmental risk associated with each individual source. The law listed 
188 HAPs that would be subject to the MACT standards. EPA issued 53 standards for 89 
different types of major industrial sources of air toxics and eight categories of smaller 
sources such as dry cleaners. These requirements took effect between 1996 and 2002.  
Under the federal Title V Air Operating Permit Program, a facility with the potential to 
emit 10 tons of any toxic air pollutant, or 25 tons per year of any combination of toxic air 
pollutants, is defined as a major source HAPs. Title V permits include requirements for 
these facilities to limit toxic air pollutant emissions. 
 
Several state and local agencies adopted programs to address gaps in EPA’s program 
prior to the overhaul of the national program in 1990. California's program to reduce 
exposure to air toxics was established in 1983 by the Toxic Air Contaminant 
Identification and Control Act (AB 1807, Tanner 1983) and the Air Toxics "Hot Spots" 
Information and Assessment Act (AB 2588, Connelly 1987). Under AB 1807, ARB and 
the Office of Environmental Health Hazard Assessment (OEHHA) determines if a 
substance should be formally identified as a toxic air contaminant (TAC) in California. 
OEHHA also establishes associated risk factors and safe concentrations of exposure. 

AB 1807 was amended in 1993 by AB 2728, which required ARB to identify the 189 
federal hazardous air pollutants as TACs. AB 2588 (Connelly, 1987) supplements the AB 
1807 program, by requiring a statewide air toxics inventory, notification of people 
exposed to a significant health risk, and facility plans to reduce these risks. In September 
1992, the "Hot Spots" Act was amended by Senate Bill 1731 which required facilities 
that pose a significant health risk to the community to reduce their risk through a risk 
management plan. 

Cancer Risk 
Cancer risk from TACs is typically expressed in numbers of excess cancer cases per 
million persons exposed over a defined period of exposure, for example, over an assumed 
70 year lifetime. The Air District is not aware of any agency that has established an 
acceptable level of cancer risk for TACs. However, a range of what constitutes a 
significant increment of cancer risk from any compound has been established by the U.S. 
EPA. EPA’s guidance for conducting air toxics analyses and making risk management 
decisions at the facility- and community-scale level considers a range of acceptable 
cancer risks from one in a million to one in ten thousand (100 in a million). The guidance 
considers an acceptable range of cancer risk increments to be from one in a million to one 
in ten thousand. In protecting public health with an ample margin of safety, EPA strives 
to provide maximum feasible protection against risks to health from HAPs by limiting 
additional risk to a level no higher than the one in ten thousand estimated risk that a 
person living near a source would be exposed to at the maximum pollutant concentrations 
for 70 years. This goal is described in the preamble to the benzene National Emissions 
Standards for Hazardous Air Pollutants (NESHAP) rulemaking (54 Federal Register 
38044, September 14, 1989) and is incorporated by Congress for EPA’s residual risk 
program under Clean Air Act section 112(f).  
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Regulation 2, Rule 5 of the Air District specifies permit requirements for new and 
modified stationary sources of TAC. The Project Risk Requirement (2-5-302.1) states 
that the Air Pollution Control Officer shall deny an Authority to Construct or Permit to 
Operate for any new or modified source of TACs if the project cancer risk exceeds 10.0 
in one million. 

Hazard Index for Non-cancer Health Effects 
Non-cancer health hazards for chronic and acute diseases are expressed in terms of a 
hazard index (HI), a ratio of TAC concentration to a reference exposure level (REL), 
below which no adverse health effects are expected, even for sensitive individuals. As 
such, OEHHA has defined acceptable concentration levels, and also significant 
concentration increments, for compounds that pose non-cancer health hazards. If the HI 
for a compound is less than one, non-cancer chronic and acute health impacts have been 
determined to be less than significant. 

State and Federal Ambient Air Quality Standards for PM2.5  
The Children’s Environmental Health Protection Act (Senate Bill 25), passed by the 
California state legislature in 1999, requires ARB, in consultation with OEHHA, to 
“review all existing health-based ambient air quality standards to determine whether, 
based on public health, scientific literature and exposure pattern data, these standards 
adequately protect the public, including infants and children, with an adequate margin of 
safety.” As a result of the review requirement, in 2002 ARB adopted an annual average 
California Ambient Air Quality Standard (CAAQS) for PM2.5 of 12 ug/m3 that is not to 
be exceeded (California Code of Regulations, Title 17 § 70200, Table of Standards.) The 
National Ambient Air Quality Standard (NAAQS) established an annual standard for 
PM2.5 (15 ug/m3) that is less stringent that the CAAQS, but also set a 24-hour average 
standard (35 ug/m3), which is not included in the CAAQS (Code of Federal Regulations, 
Title 40, Part 50.7). 

Significant Impact Levels for PM2.5 
EPA recently proposed and documented alternative options for PM2.5 Significant Impact 
Levels (SILs) (Federal Register 40 CFR Parts 51 and 52, September 21, 2007). The EPA 
is proposing to facilitate implementation of a PM2.5 Prevention of Significant 
Deterioration (PSD) program in areas attaining the PM2.5 NAAQS by developing PM2.5 
increments, or SILs. These “increments” are maximum increases in ambient PM2.5 
concentrations (PM2.5 increments) allowed in an area above the baseline concentration.  

The SIL is a threshold that would be applied to individual facilities that apply for a permit 
to emit a regulated pollutant in an area that meets the NAAQS. The State and EPA must 
determine if emissions from that facility will cause the air quality to worsen. If an 
individual facility projects an increase in emissions that result in ambient impacts greater 
than the established SIL, the permit applicant would be required to perform additional 
analyses to determine if those impacts will be more than the amount of the PSD 
increment. This analysis would combine the impact of the proposed facility when added 
to all other sources in the area. 

616 of 900

616 of 900



Bay Area AQMD Proposed Air Quality CEQA Thresholds of Significance 
December 7, 2009 

 
 

 
37 

The EPA is proposing such values for PM2.5 that will be used as screening tools by a 
major source subject to PSD to determine the subsequent level of analysis and data 
gathering required for a PSD permit application for emissions of PM2.5. The SIL is one 
element of the EPA program to prevent deterioration in regional air quality and is utilized 
in the new source review (NSR) process. New source review is required under Section 
165 of the Clean Air Act, whereby a permit applicant must demonstrate that emissions 
from the proposed construction and operation of a facility “will not cause, or contribute 
to, air pollution in excess of any maximum allowable increase or maximum allowable 
concentration for any pollutant.” The purpose of the SIL is to provide a screening level 
that triggers further analysis in the permit application process.  

For the purpose of NSR, SILs are set for three types of areas: Class I areas where 
especially clean air is most desirable, including national parks and wilderness areas; 
Class II areas where there is not expected to be substantial industrial growth; and Class 
III areas where the highest relative level of industrial development is expected. In Class II 
and Class III areas, a PM2.5 concentration of 0.3, 0.8, and 1 µg/m3 has been proposed as a 
SIL. To arrive at the SIL PM2.5 option of 0.8 μg/m3 , EPA scaled an established PM10 SILs of 
1.0 μg/m3 by the ratio of emissions of PM2.5 to PM10 using the EPA’s 1999 National 
Emissions Inventory. To arrive at the SIL option of 0.3 μg/m3, EPA scaled the PM10 SIL of 
1.0 μg/m3 by the ratio of the current Federal ambient air quality standards for PM2.5 and PM10 
(15/50).

 
These options represent what EPA currently considers as a range of appropriate SIL 

values. 

EPA interprets the SIL to be the level of PM2.5 increment that represents a “significant 
contribution” to regional non-attainment. While SIL options were not designed to be 
thresholds for assessing community risk and hazards, they are being considered to protect 
public health at a regional level by helping an area maintain the NAAQS. Furthermore, 
since it is the goal of the Air District to achieve and maintain the NAAQS and CAAQS at 
both regional and local scales, the SILs may be reasonably be considered as thresholds of 
significance under CEQA for local-scale increments of PM2.5. 

Roadway Proximity Health Studies 
Several medical research studies have linked near-road pollution exposure to a variety of 
adverse health outcomes impacting children and adults. Kleinman et al. (2007) studied 
the potential of roadway particles to aggravate allergic and immune responses in mice. 
Using mice that were not inherently susceptible, the researchers placed these mice at 
various distances downwind of State Road 60 and Interstate 5 freeways in Los Angeles to 
test the effect these roadway particles have on their immune system. They found that 
within five meters of the roadway, there was a significant allergic response and elevated 
production of specific antibodies. At 150 meters (492 feet) and 500 meters (1,640 feet) 
downwind of the roadway, these effects were not statistically significant. 
 
Another significant study (Ven Hee et al. 2009) conducted a survey involving 3,827 
participants that aimed to determine the effect of residential traffic exposure on two 
preclinical indicators of heart failure; left ventricular mass index (LVMI), measured by 
the cardiac magnetic resonance imaging (MRI), and ejection fraction. The studies 
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classified participants based on the distance between their residence and the nearest 
interstate highway, state or local highway, or major arterial road. Four distance groups 
were defined: less than 50 meters (165 feet), 50-100 meters, 101-150 meters, and greater 
than 150 meters. After adjusting for demographics, behavioral, and clinical covariates, 
the study found that living within 50 meters of a major roadway was associated with a 1.4 
g/m2 higher LVMI than living more than 150 meters from one. This suggests an 
association between traffic-related air pollution and increased prevalence of a preclinical 
predictor of heart failure among people living near roadways. 
 
To quantify the roadway concentrations of PM2.5 that contributed to the health impacts 
reported by Kleinman et al (2007), the Air District modeled the emissions and associated 
particulate matter concentrations for the roadways studied. To perform the modeling, 
emissions were estimated for Los Angeles using the EMFAC model and annual average 
vehicle traffic data taken from Caltrans was used in the roadway model (CAL3QHCR) to 
estimate the downwind PM2.5 concentrations at 50 meters and 150 meters. Additionally, 
emissions were assumed to occur from 10:00 a.m. to 2:00 p.m. corresponding to the time 
in which the mice were exposed during the study. The results of the modeling indicate 
that at 150 meters, where no significant health effects were found, the downwind 
concentration of PM2.5 was 0.78 µg/m3, consistent with the proposed EPA SIL option of 
0.8 µg/m3. 

Concentration-Response Function for PM2.5  
In a recent report, ARB reevaluated the relative risk of premature death associated with 
PM2.5 exposure based on a review of all relevant scientific literature available, and a new 
relative risk factor was developed (ARB 2008). This consensus-based review found that a 
10 µg/m3 increase in PM2.5 concentrations increased the risk of premature death by 10 
percent (uncertainty interval: 3 percent to 20 percent) and provides a basis for 
determining the risk increment from an increase in PM2.5 concentration. Twelve experts 
participated in the study to review the literature and develop the concentration response 
function. The experts were selected through a two-part peer nomination process, designed 
to obtain a balanced set of views and included experts in epidemiology, toxicology, and 
medicine.  

The methodologies and results presented in this report were endorsed by scientific 
advisors from Harvard University, OEHHA, and Brigham Young University. The report 
underwent an external peer review by experts selected through an independent process 
involving the University of California at Berkeley, Institute of the Environment. The 
results of the peer review process were incorporated into the report. Subsequent to the 
peer review, Schwartz et al. (2008) examined the linearity of the concentration-response 
function of PM2.5-mortality and showed that the response function is in agreement with 
Laden et al. (2006) and, moreover, found that this response function was linear down to 
background levels. 

San Francisco Ordinance on Roadway Proximity Health Effects 
In 2008, the City and County of San Francisco adopted an ordinance (San Francisco 
Health Code, Article 38 - Air Quality Assessment and Ventilation Requirement for Urban 
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Infill Residential Development, Ord. 281-08, File No. 080934, December 5, 2008) 
requiring that public agencies in San Francisco take regulatory action to prevent future air 
quality health impacts from new sensitive uses proposed near busy roadways (SFDPH 
2008). The regulation requires that developers screen sensitive use projects for proximity 
to traffic and calculate the concentration of PM2.5 from traffic sources where traffic 
volumes suggest a potential hazard. If modeled levels of traffic-attributable PM2.5 at a 
project site exceed an action level (currently set at 0.2 µg/m3) developers would be 
required to incorporate ventilation systems to remove 80 percent of PM2.5 from outdoor 
air. The regulation does not place any requirements on proposed sensitive uses if modeled 
air pollutant levels fall below the action threshold. This ordinance only considers impacts 
from on-road motor vehicles, not impacts related to construction equipment or stationary 
sources. 

A report with supporting documentation for the ordinance (SFPHD 2008) provided a 
threshold to trigger action or mitigation of 0.2 µg/m3 of PM2.5

 annual average exposure 
from roadway vehicles within a 150 meter (492 feet) maximum radius of a sensitive 
receptor. The report applied the concentration-response function from Jerrett et al. (2005) 
that attributed 14 percent increase in mortality to a 10 µg/m3 increase in PM2.5 to estimate 
an increase in non-injury mortality in San Francisco of about 21 excess deaths per year 
from a 0.2 µg/m3 increment of annual average PM2.5.  

Distance for Significant Impact 
The distance used for the radius around the project boundary should reflect the zone or 
area over which sources may have a significant influence. For cumulative thresholds, for 
both sources and receptors, this distance also determines the size of the source area, 
defined. To determine cumulative impacts from a prescribed zone of influence requires 
the use of modeling. The larger the radius, the greater the number of sources considered 
that may contribute to the risk and the greater the expected modeled risk increment. If the 
area of impact considered were grown to approach the scale of a city, the modeled risk 
increment would approach the risk level present in the ambient air. 

A summary of research findings in ARB’s Land Use Compatibility Handbook (ARB 
2005) indicates that traffic-related pollutants were higher than regional levels within 
approximately 1,000 feet downwind and that differences in health-related effects (such as 
asthma, bronchitis, reduced lung function, and increased medical visits) could be 
attributed in part to the proximity to heavy vehicle and truck traffic within 300 to 1,000 
feet of receptors. In the same summary report, ARB recommended avoiding siting 
sensitive land uses within 1,000 feet of a distribution center and major rail yard, which 
supports the use of a 1,000 feet evaluation distance in case such sources may be relevant 
to a particular project setting. A 1,000 foot zone of influence is also supported by Health 
& Safety Code §42301.6 (Notice for Possible Source Near School). 

Some studies have shown that the concentrations of particulate matter tend to be reduced 
substantially or can even be indistinguishable from upwind background concentrations at 
a distance 1,000 feet downwind from sources such as freeways or large distribution 
centers. Zhu et al. (2002) conducted a systematic ultrafine particle study near Interstate 

619 of 900

619 of 900



Bay Area AQMD Proposed Air Quality CEQA Thresholds of Significance 
December 7, 2009 

 
 

 
40 

710, one of the busiest freeways in the Los Angeles Basin.  Particle number concentration 
and size distribution were measured as a function of distances upwind and downwind of 
the I-710 freeway.  Approximately 25 percent of the 12,180 vehicles per hour are heavy 
duty diesel trucks based on video counts conducted as part of the research. Measurements 
were taken at 13 feet, 23 feet, 55 feet, 252 feet, 449 feet, and 941 feet downwind and 613 
feet upwind from the edge of the freeway. The particle number and supporting 
measurements of carbon monoxide and black carbon decreased exponentially and all 
constituents simultaneously tracked with each other as one moves away from the 
freeway. Ultrafine particle size distribution changed markedly and its number 
concentrations dropped dramatically with increasing distance. The study found that 
ultrafine particle concentrations measured 941 feet downwind of I-710 were 
indistinguishable from the upwind background concentration.  

Impacted Communities 
Starting in 2006, the Air District’s CARE program developed gridded TAC emissions 
inventories and compiled demographic information that were used to identify 
communities that were particularly impacted by toxic air pollution for the purposes of 
distributing grant and incentive funding. In 2009, the District completed regional 
modeling of TAC on a one kilometer by one kilometer grid system. This modeling was 
used to estimate cancer risk and TAC population exposures for the entire District. The 
information derived from the modeling was then used to update and refine the 
identification of impacted communities. One kilometer modeling yielded estimates of 
annual concentrations of five key compounds – diesel particulate matter, benzene, 1,3-
butadiene, formaldehyde, and acetaldehyde – for year 2005. These concentrations were 
multiplied by their respective unit cancer risk factors, as established by OEHHA, to 
estimate the expected excess cancer risk per million people from these compounds.  

Sensitive populations from the 2000 U.S. Census database were identified as youth 
(under 18) and seniors (over 64) and mapped to the same one kilometer grid used for the 
toxics modeling. Excess cancers from TAC exposure were determined by multiplying 
these sensitive populations by the model-estimated excess risk to establish a data set 
representing sensitive populations with high TAC exposures. TAC emissions (year 2005) 
were mapped to the one kilometer grid and also scaled by their unit cancer risk factor to 
provide a data set representing source regions for TAC emissions. Block-group level 
household income data from the U.S. Census database were used to identify block groups 
with family incomes where more than 40 percent of the population was below 185 
percent of the federal poverty level (FPL). Poverty-level polygons that intersect high (top 
50 percent) exposure cells and are within one grid cell of a high emissions cell (top 25 
percent) were used to identify impacted areas. Boundaries were constructed along major 
roads or highways that encompass nearby high emission cells and low income areas. This 
method identified the following six areas as priority communities: (1) portions of the City 
of Concord; (2) Western Contra Costa County (including portions of the Cities of 
Richmond and San Pablo); (3) Western Alameda County along the Interstate-880 
corridor (including portions of the Cities of Berkeley, Oakland, San Leandro, San 
Lorenzo, Hayward; (4) Portions of the City of San Jose. (5) Eastern San Mateo County 
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(including portions of the Cities of Redwood City and East Palo Alto); and (6) Eastern 
portions of the City of San Francisco. 
 
3.3.2 CONSTRUCTION, LAND USE AND STATIONARY SOURCE RISK AND 

HAZARD THRESHOLDS  

The proposed options for local risk and hazards thresholds of significance are based on 
U.S. EPA guidance for conducting air toxics analyses and making risk management 
decisions at the facility and community-scale level. The thresholds consider reviews of 
recent health effects studies that link increased concentrations of fine particulate matter to 
increased mortality. The proposed thresholds would apply to both siting new sources and 
siting new receptors.   

For new sources of TACs, thresholds of significance for a single source are designed to 
ensure that emissions do not raise the risk of cancer or non-cancer health impacts to 
cumulatively significant levels. For new sources of PM2.5, thresholds are designed to 
ensure that PM2.5 concentrations are maintained below state and federal standards in all 
areas where sensitive receptors or members of the general public live or may foreseeably 
live, even if at the local- or community-scale where sources of TACs and PM may be 
nearby. 

Project Radius for Assessing Impacts 
For a project proposing a new source or receptor it is recommended to assess impacts 
within 1,000 feet, taking into account both its individual and nearby cumulative sources 
(i.e. proposed project plus existing and foreseeable future projects). Cumulative sources 
are the combined total risk values of each individual source within the 1,000-foot 
evaluation zone. A lead agency should enlarge the 1,000-foot radius on a case-by-case 
basis if an unusually large source or sources of risk or hazard emissions that may affect a 
proposed project is beyond the recommended radius.  

The 1,000 foot radius is consistent with findings in ARB’s Land Use Compatibility 
Handbook (ARB 2005), the Health & Safety Code §42301.6 (Notice for Possible Source 
Near School), and studies such as that of Zhu et al (2002) which found that 
concentrations of particulate matter tend to be reduced substantially at a distance 1,000 
feet downwind from sources such as freeways or large distribution centers. 

Qualified Community Risk Reduction Plan 
Within the framework of these thresholds, proposed projects would be considered to be 
less than significant if they are consistent with a qualified Community Risk Reduction 
Plan (CRRP) adopted by the local jurisdiction with enforceable measures to reduce the 
community risk. Board Option 2 does not include the CCRP as a significance threshold. 

Project proposed in areas where a CRRP has been adopted that are not consistent with the 
CRRP would be considered to have a significant impact. 
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Projects proposed in areas where a CRRP has not been adopted and that have the 
potential to expose sensitive receptors or the general public to emissions-related risk in 
excess of the thresholds below from any source would be considered to have a significant 
air quality impact.  

The conclusion that land use projects that comply with qualified Community Risk 
Reduction Plans are less than significant is supported by CEQA Guidelines Sections 
15030(a)(3) and 15064(h)(3), which provides that a project’s contribution to a cumulative 
problem can be less that cumulatively considerable if the project is required to implement 
or fund its fair share of a mitigation measure or measures designed to alleviate the 
cumulative impact. 

Increased Cancer Risk to Maximally Exposed Individual (MEI) 
Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of carcinogenic TACs from any source 
result in an increased cancer risk greater than 10.0 in one million, assuming a 70 year 
lifetime exposure. Under Board Option 1, within Impacted Communities as defined 
through the CARE program, the significance level for cancer would be reduced to 5.0 in 
one million for new sources.  

The 10.0 in one million cancer risk threshold for a single source is supported by EPA’s 
guidance for conducting air toxics analyses and making risk management decisions at the 
facility and community-scale level. It is also the level set by the Project Risk 
Requirement in the Air District’s Regulation 2, Rule 5 new and modified stationary 
sources of TAC, which states that the Air Pollution Control Officer shall deny an 
Authority to Construct or Permit to Operate for any new or modified source of TACs if 
the project risk exceeds a cancer risk of 10.0 in one million. 

This threshold for an individual new source is designed to ensure that the source does not 
contribute a cumulatively significant impact. The justification for the Board Option 1 
threshold of 5.0 in one million for new sources in an impacted community is that in these 
areas the cancer risk burden is higher than in other parts of the Bay Area; the threshold at 
which an individual source becomes significant is lower for an area that is already at or 
near unhealthy levels. However, even without a tiered approach, the recommended 
thresholds already address the burden of impacted communities via the cumulative 
thresholds: specifically, if an area has many existing TAC sources near receptors, then 
the cumulative threshold will be reached sooner than it would in another area with fewer 
TAC sources. 

The single-source threshold for receptors is provided to address the possibility that within 
the area defined by the 1,000 foot radius there can be variations in risk levels that may be 
significant, below the corresponding cumulative threshold. Single-source thresholds 
assist in the identification of significant risks, hazards, or concentrations in a subarea, 
within the 1,000 foot radius. 
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Increased Non-Cancer Risk to MEI  
Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of non-carcinogenic TACs result in an 
increased chronic or acute Hazard Index (HI) from any source greater than 1.0. This 
threshold is unchanged under Board Option 1. 

A HI less than 1.0 represents a TAC concentration, as determined by OEHHA that is at a 
health protective level. While some TACs pose non-carcinogenic, chronic and acute 
health hazards, if the TAC concentrations result in a HI less than one, those 
concentrations have been determined to be less than significant. 

Increased Ambient Concentration of PM2.5  
Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of PM2.5 from any source would result in 
an average annual increase greater than 0.3 µg/m3. Under Board Option 1, within 
Impacted Communities as defined through the CARE program, the significance level for 
a PM2.5 increment is 0.2 µg/m3. 
 
If one applies the concentration-response function from the ARB consensus review (ARB 
2008) and attribute a 10 percent increase in mortality to a 10 µg/m3 increase in PM2.5, one 
finds an increase in non-injury mortality in the Bay Area of about 20 excess deaths per 
year from a 0.3 µg/m3 increment of PM2.5. This is consistent with the impacts reported 
and considered significant by SFDPH (2008) using an earlier study (Jerrett et al. 2005) to 
estimate the increase in mortality from a 0.2 µg/m3 PM2.5 increment.  

The SFDPH recommended a lower threshold of significance for multiple sources but only 
considered roadway emissions within a 492 foot radius. This recommendation applies to 
a single source but considers all types of emissions within 1,000 feet. On balance, the Air 
District estimates that the SFDPH threshold and this proposed one, in combination with 
the cumulative threshold for PM2.5, will afford similar levels of health protection. 

The proposed PM2.5 threshold represents the lower range of an EPA proposed Significant 
Impact Level (SIL). EPA interprets the SIL to be the level of ambient impact that is 
considered to represent a “significant contribution” to regional non-attainment. While this 
threshold was not designed to be a threshold for assessing community risk and hazards, it 
was designed to protect public health at a regional level by helping an area maintain the 
NAAQS. Since achieving and maintaining state and federal AAQS is a reasonable goal at 
the local scale, the SIL provides a useful reference for comparison. 
 
This threshold for an individual new source is designed to ensure that the source does not 
contribute a cumulatively significant impact. The justification for the Board Option 1 
threshold of 0.2 µg/m3 for new sources in an impacted community is that these areas have 
higher levels of diesel particulate matter than do other parts of the Bay Area; the 
threshold at which an individual source becomes significant is lower for an area that is 
already at or near unhealthy levels. However, even without a tiered approach, the 
recommended thresholds already address the burden of impacted communities via the 
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cumulative thresholds: specifically, if an area has many existing PM2.5 sources near 
receptors, then the cumulative threshold will be reached sooner than it would in another 
area with fewer PM2.5 sources. 

The single-source threshold for receptors is provided to address the possibility that within 
the area defined by the 1,000 foot radius there can be variations in risk levels that may be 
significant, below the corresponding cumulative threshold. Single-source thresholds 
assist in the identification of significant risks, hazards, or concentrations in a subarea, 
within the 1,000 foot radius. 
 
3.3.2.1 ACCIDENTAL RELEASE OF ACUTELY HAZARDOUS AIR EMISSIONS 

The BAAQMD currently recommends, at a minimum, that the lead agency, in 
consultation with the administering agency of the Risk Management Prevention Program 
(RMPP), find that any project resulting in receptors being within the Emergency 
Response Planning Guidelines (ERPG) exposure level 2 for a facility has a significant air 
quality impact. ERPG exposure level 2 is defined as "the maximum airborne 
concentration below which it is believed that nearly all individuals could be exposed for 
up to one hour without experiencing or developing irreversible or other serious health 
effects or symptoms which could impair an individual's ability to take protective action." 

Staff proposes continuing with the current threshold for the accidental release of 
hazardous air pollutants. Staff recommends that agencies consult with the California 
Emergency Management Agency for the most recent guidelines and regulations for the 
storage of hazardous materials. Staff proposes that projects using or storing acutely 
hazardous materials locating near existing receptors, and projects resulting in receptors 
locating near facilities using or storing acutely hazardous materials be considered 
significant. 

The current Accidental Release/Hazardous Air Emissions threshold of significance could 
affect all projects, regardless of size, and require mitigation for Accidental 
Release/Hazardous Air Emissions impacts. 
 
3.3.3 CUMULATIVE RISK AND HAZARD THRESHOLDS 

Qualified Community Risk Reduction Plan 
Proposed projects would be considered to be less than significant if they are consistent 
with a qualified Community Risk Reduction Plan (CRRP) adopted by the local 
jurisdiction with enforceable measures to reduce the community risk.  Board Option 2 
does not include the CCRP as a significance threshold. 

Project proposed in areas where a CRRP has been adopted that are not consistent with the 
CRRP would be considered to have a significant impact. 

Projects proposed in areas where a CRRP has not been adopted and that have the 
potential to expose sensitive receptors or the general public to emissions-related risk in 
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excess of the following thresholds from the aggregate of cumulative sources would be 
considered to have a significant air quality impact.  

The conclusion that land use projects that comply with qualified Community Risk 
Reduction Plans are less than significant is supported by CEQA Guidelines Sections 
15030(a)(3) and 15064(h)(3), which provides that a project’s contribution to a cumulative 
problem can be less that cumulatively considerable if the project is required to implement 
or fund its fair share of a mitigation measure or measures designed to alleviate the 
cumulative impact. 

Increased Cancer Risk to Maximally Exposed Individual (MEI) 
Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of carcinogenic TACs from any source 
result in an increased cancer risk greater than 100.0 in one million.  

The significance threshold of 100 in a million increased excess cancer risk would be 
applied to the cumulative emissions. The 100 in a million threshold is based on EPA 
guidance for conducting air toxics analyses and making risk management decisions at the 
facility and community-scale level. In protecting public health with an ample margin of 
safety, EPA strives to provide maximum feasible protection against risks to health from 
hazardous air pollutants (HAPs) by limiting risk to a level no higher than the one in ten 
thousand (100 in a million) estimated risk that a person living near a source would be 
exposed to at the maximum pollutant concentrations for 70 years (NESHAP 54 Federal 
Register 38044, September 14, 1989; CAA section 112(f)). One hundred in a million 
excess cancer cases is also consistent with the ambient cancer risk in the most pristine 
portions of the Bay Area based on the District’s recent regional modeling analysis. 

Increased Non-Cancer Risk to MEI 
Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of non-carcinogenic TACs result in an 
increased chronic or acute Hazard Index from any source greater than 1.0.  

OEHHA has defined acceptable concentration levels for compounds that pose non-cancer 
health hazards. If the HI for a compound is less than one, non-cancer chronic and acute 
health impacts have been determined to be less than significant. 

Increased Ambient Concentration ofPM2.5 
Emissions from a new source or emissions affecting a new receptor would be considered 
significant where ground-level concentrations of PM2.5 from any source would result in 
an average annual increase greater than 0.8 µg/m3. 

If one applies the concentration-response function from the ARB consensus review (ARB 
2008) and attributes a 10 percent increase in mortality to a 10 µg/m3 increase in PM2.5, 
one finds an increase in non-injury mortality in the Bay Area of about 50 excess deaths 
per year from a 0.8 µg/m3 increment of PM2.5. This is greater the impacts reported and 
considered significant by SFDPH (2008) using an earlier study (Jerrett et al. 2005) to 
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estimate the increase in mortality from a 0.2 µg/m3 PM2.5 increment (SFDPH reported 21 
excess deaths per year). However, SFDPH only considered roadway emissions within a 
492 foot radius. This proposed threshold applies to all types of emissions within 1,000 
feet. In modeling applications for proposed projects, a larger radius results in a greater 
number of sources considered and higher modeled concentrations. On balance, the Air 
District estimates that the SFDPH threshold and this proposed one, in combination with 
the individual source threshold for PM2.5, will afford similar levels of health protection. 

The proposed cumulative PM2.5 threshold represents the middle range of an EPA 
proposed Significant Impact Level (SIL).  EPA interprets the SIL to be the level of 
ambient impact that is considered to represent a “significant contribution” to regional 
non-attainment. While this threshold was not designed to be a threshold for assessing 
community risk and hazards, it was designed to protect public health at a regional level 
by helping an area maintain the NAAQS. Since achieving and maintaining state and 
federal AAQS is a reasonable goal at the local scale, the SIL provides a useful reference 
for comparison. Furthermore, the 0.8 µg/m3 threshold is consistent with studies 
(Kleinman et al 2007) that examined the potential health impacts of roadway particles. 

3.3.4 PLAN-LEVEL RISK AND HAZARD THRESHOLDS 

Staff proposes plan-level thresholds that will encourage a programmatic approach to 
addressing the overall adverse conditions resulting from risks and hazards that many Bay 
Area communities experience. By designating overlay zones in land use plans, local land 
use jurisdictions can take preemptive action before project-level review to reduce the 
potential for significant exposures to risk and hazard emissions. While this will require 
more up-front work at the general plan level, in the long-run this approach is a more 
feasible approach consistent with Air District and CARB guidance about siting sources 
and sensitive receptors that is more effective than project by project consideration of 
effects that often has more limited mitigation opportunities. This approach would also 
promote more robust cumulative consideration of effects of both existing and future 
development for the plan-level CEQA analysis as well as subsequent project-level 
analysis. 
 
For local plans to have a less-than-significant impact with respect to potential risks and 
hazards, overlay zones would have to be established around existing and proposed land 
uses that would emit these air pollutants. Overlay zones to avoid risk impacts should be 
reflected in local plan policies, land use map(s), and implementing ordinances (e.g., 
zoning ordinance). The overlay zones around existing and future risk sources would be 
delineated using the quantitative approaches described above for project-level review and 
the resultant risk buffers would be included in the General Plan (or the EIR for the 
General Plan) to assist in site planning.  BAAQMD will provide guidance as to the 
methods used to establish the TAC buffers and what standards to be applied for 
acceptable exposure level in the updated CEQA Guidelines document. Special overlay 
zones of at least 500 feet (or an appropriate distance determined by modeling and 
approved by the Air District) on each side of all freeways and high volume roadways 
would be included in this proposed threshold. 
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The threshold of significance for plan impacts could affect all plan adoptions and 
amendments and require mitigation for a plan’s air quality impacts. Where sensitive 
receptors would be exposed above the acceptable exposure level, the plan impacts would 
be considered significant and mitigation would be required to be imposed either at the 
plan level (through policy) or at the project level (through project level requirements). 
 
3.3.5 COMMUNITY RISK REDUCTION PLANS 

The goal of a Community Risk Reduction Plan would be to bring TAC and PM2.5 
concentrations for the entire community covered by the Plan down to acceptable levels as 
identified by the local jurisdiction and approved by the Air District. This approach 
provides local agencies a proactive alternative to addressing communities with high 
levels of risk on a project-by-project approach. This approach is supported by CEQA 
Guidelines Section 15030(a)(3), which provides that a project’s contribution to a 
cumulative problem can be less than cumulatively considerable “if the project is required 
to implement or fund its fair share of a mitigation measure or measures designed to 
alleviate the cumulative impact.” This approach is also further supported by CEQA 
Guidelines Section 15064(h)(3), which provides that a project’s contribution to a 
cumulative effect is not considerable “if the project will comply with the requirements in 
a previously approved plan or mitigation program which provides specific requirements 
that will avoid or substantially lessen the cumulative problem.” 

Qualified Community Risk Reduction Plans 
A qualified Community Risk Reduction Plan adopted by a local jurisdiction should: 

► Include a defined CRRP planning area. 

► Include base year and future year emissions inventories of TACs and PM2.5. 

► Establish risk and exposure reduction targets for the community. 

► Identify measures to reduce emissions and exposures. 

► Include Air District–approved risk modeling. 

► Include procedures for monitoring and updating the TAC inventory, modeling and reduction 
measures, in coordination with Air District staff. 

► Include public participation processes to facilitate community input into goals and strategies. 
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4 CRITERIA POLLUTANT THRESHOLDS 

 
4.2 PROPOSED THRESHOLDS OF SIGNIFICANCE 

 
Project Construction 

Pollutant Average Daily 
(pounds/day) 

ROG (reactive organic gases) 54 
NOX (nitrogen oxides) 54 

PM10 (exhaust) (particulate matter-10 microns) 82 
PM2.5 (exhaust) (particulate matter-2.5 microns) 54 

PM10/PM2.5 (fugitive dust) Best Management Practices 
Local CO (carbon monoxide) None 

 
Project Operations 

Pollutant Average Daily 
(pounds/day) 

Maximum Annual  
(tons/year) 

ROG 54 10 
NOX  54 10 
PM10  82 15 
PM2.5  54 10 

Local CO 9.0 ppm (8-hour average), 20.0 ppm (1-hour average) 
 

Plans 

1. Consistency with Current Air Quality Plan control measures 
2. Projected VMT or vehicle trip increase is less than or equal to projected population 

increase 

 
 
4.3 JUSTIFICATION AND SUBSTANTIAL EVIDENCE 

SUPPORTING THRESHOLDS 

4.3.1 PROJECT CONSTRUCTION CRITERIA POLLUTANT THRESHOLDS 

Staff proposes criteria pollutant construction thresholds that add significance criteria for 
exhaust emissions to the existing fugitive dust criteria employed by the Air District. 
While our current Guidelines considered construction exhaust emissions controlled by the 
overall air quality plan, the implementation of new and more stringent state and federal 
standards over the past ten years now warrants additional control of this source of 
emissions. 

The average daily criteria air pollutant and precursor emission levels shown above are 
recommended as the thresholds of significance for construction activity for exhaust 
emissions. These thresholds represent the levels above which a project’s individual 
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emissions would result in a considerable contribution (i.e., significant) to the SFBAAB’s 
existing non-attainment air quality conditions and thus establish a nexus to regional air 
quality impacts that satisfies CEQA requirements for evidence-based determinations of 
significant impacts. 

For fugitive dust emissions, staff recommends following the current best management 
practices approach which has been a pragmatic and effective approach to the control of 
fugitive dust emissions. Studies have demonstrated (Western Regional Air Partnership, 
U.S.EPA) that the application of best management practices at construction sites have 
significantly controlled fugitive dust emissions. Individual measures have been shown to 
reduce fugitive dust by anywhere from 30 percent to more than 90 percent. In the 
aggregate best management practices will substantially reduce fugitive dust emissions 
from construction sites. These studies support staff’s recommendation that projects 
implementing construction best management practices will reduce fugitive dust emissions 
to a less than significant level. 
 
4.3.2 PROJECT OPERATION CRITERIA POLLUTANT THRESHOLDS 

The proposed thresholds for project operations are the average daily and maximum 
annual criteria air pollutant and precursor levels shown above. These thresholds are based 
on the federal BAAQMD Offset Requirements to ozone precursors for which the 
SFBAAB is designated as a non-attainment area which is an appropriate approach to 
prevent further deterioration of ambient air quality and thus has nexus and proportionality 
to prevention of a regionally cumulative significant impact (e.g. worsened status of non-
attainment). Despite non-attainment area for state PM10 and pending nonattainment for 
federal PM2.5, the federal NSR Significant Emission Rate annual limits of 15 and 10 tons 
per year, respectively, are proposed thresholds as BAAQMD has not established an 
Offset Requirement limit for PM2.5 and the existing limit of 100 tons per year is much 
less stringent and would not be appropriate in light of our pending nonattainment 
designation for the federal 24-hour PM2.5 standard. These thresholds represent the 
emission levels above which a project’s individual emissions would result in a 
cumulatively considerable contribution to the SFBAAB’s existing air quality conditions.  
The thresholds would be an evaluation of the incremental contribution of a project to a 
significant cumulative impact. These threshold levels are well-established in terms of 
existing regulations as promoting review of emissions sources to prevent cumulative 
deterioration of air quality. Using existing environmental standards in this way to 
establish CEQA thresholds of significance under Guidelines section 15067.4 is an 
appropriate and effective means of promoting consistency in significance determinations 
and integrating CEQA environmental review activities with other areas of environmental 
regulation.  (See Communities for a Better Environment v. California Resources Agency 
(2002) 103 Cal. App. 4th 98, 111.4) 

                                                 
4 The Court of Appeal in the Communities for a Better Environment case held that existing regulatory 
standards could not be used as a definitive determination of whether a project would be significant under 
CEQA where there is substantial evidence to the contrary.  Staff’s proposed thresholds would not do that.  
The thresholds are levels at which a project’s emissions would normally be significant, but would not be 
binding on a lead agency if there is contrary evidence in the record.  
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4.3.3 LOCAL CARBON MONOXIDE THRESHOLDS 

The proposed carbon monoxide thresholds are based solely on ambient concentration 
limits set by the California Clean Air Act for Carbon Monoxide and Appendix G of the 
State of California CEQA Guidelines. 

Since the ambient air quality standards are health-based (i.e., protective of public health), 
there is substantial evidence (i.e., health studies that the standards are based on) in 
support of their use as CEQA significance thresholds. The use of the ambient standard 
would relate directly to the CEQA checklist question. By not using a proxy standard, 
there would be a definitive bright line about what is or is not a significant impact and that 
line would be set using a health-based level.  

The CAAQS of 20.0 ppm and 9 ppm for 1-hour and 8-hour CO, respectively, would be 
used as the thresholds of significance for localized concentrations of CO. Carbon 
monoxide is a directly emitted pollutant with primarily localized adverse effects when 
concentrations exceed the health based standards established by the California Air 
Resources Board (ARB).  

In addition, Appendix G of the State of California CEQA Guidelines includes the 
checklist question: Would the project violate any air quality standard or contribute 
substantially to an existing or projected air quality violation? Answering yes to this 
question would indicate that the project would result in a significant impact under CEQA. 
The use of the ambient standard would relate directly to this checklist question. 
 
4.3.4 PLAN-LEVEL CRITERIA POLLUTANT THRESHOLDS 

This proposed threshold achieves the same goals as the Air District’s current approach 
while alleviating the existing analytical difficulties and the inconsistency of comparing a 
plan update with AQP growth projections that may be up to several years old. 
Eliminating the analytical inconsistency provides better nexus and proportionality for 
evaluating air quality impacts for plans. 
 
Over the years staff has received comments on the difficulties inherent in the current 
approach regarding the consistency tests for population and VMT growth. First, the 
population growth estimates used in the most recent AQP can be up to several years older 
than growth estimates used in a recent plan update, creating an inconsistency in this 
analysis. Staff recommends that this test of consistency be eliminated because the Air 
District and local jurisdictions all use regional population growth estimates that are 
disaggregated to local cities and counties. In addition, the impact to air quality is not 
necessarily growth but where that growth is located. The second test, rate of increase in 
vehicle use compared to growth rate, will determine if planned growth will impact air 
quality. Compact infill development inherently has less vehicle travel and more transit 
opportunities than suburban sprawl. 
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Second, the consistency test of comparing the rate of increase in VMT to the rate of 
increase in population has been problematic at times for practitioners because VMT is not 
always available with the project analysis. Staff recommends that either the rate of 
increase in VMT or vehicle trips be compared to the rate of increase in population. Staff 
also recommends that the growth estimates used in this analysis be for the years covered 
by the plan. Staff also recommends that the growth estimates be obtained from the 
Association of Bay Area Governments since the Air District uses ABAG growth 
estimates for air quality planning purposes. 
 
 

5 ODOR THRESHOLDS 

5.2 PROPOSED THRESHOLDS OF SIGNIFICANCE 

Project Operations – Source or Receptor Plans 
 
1. More than one confirmed complaint per 

year averaged over a three year period; or 
2. More than three unconfirmed 

complaints per year averaged over a 
three year period 

 

Identify (Overlay Zones) and include policies 
to reduce the impacts of existing or planned 

sources of odors 

 
 
5.3 JUSTIFICATION AND SUBSTANTIAL EVIDENCE 

SUPPORTING THRESHOLDS 

Staff proposes continuing the current CEQA significance threshold for odors (based on 
complaint history). The current approach has proven adaptable to different projects and 
locations and thus continuation of the current approach with more qualitative guidance is 
considered an appropriate approach to CEQA evaluation. 
 
Odors are generally considered a nuisance, but can result in a public health concern. 
Some land uses that are needed to provide services to the population of an area can result 
in offensive odors, such as filling portable propane tanks or recycling center operations. 
When a proposed project includes the siting of sensitive receptors in proximity to an 
existing odor source, or when siting a new source of potential odors, the following 
qualitative evaluation should be performed.  

When determining whether potential for odor impacts exists, it is recommended that Lead 
Agencies consider the following factors and make a determination based on evidence in 
each qualitative analysis category: 

► Distance: Use the screening-level distances in Table 9. 
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► Wind Direction: Consider whether sensitive receptors are located upwind or 
downwind from the source for the most of the year. If odor occurrences associated 
with the source are seasonal in nature, consider whether sensitive receptors are 
located downwind during the season in which odor emissions occur. 

► Complaint History: Consider whether there is a history of complaints associated 
with the source. If there is no complaint history associated with a particular source 
(perhaps because sensitive receptors do not already exist in proximity to the source), 
consider complaint-history associated with other similar sources in BAAQMD’s 
jurisdiction with potential to emit the same or similar types of odorous chemicals or 
compounds, or that accommodate similar types of processes.  

► Character of Source: Consider the character of the odor source, for example, the 
type of odor events according to duration of exposure or averaging time (e.g., 
continuous release, frequent release events, or infrequent events). 

► Exposure: Consider whether the project would result in the exposure of a substantial 
number of people to odorous emissions. 

Table 9 – Screening Distances for Potential Odor Sources 
Type of Operation Project Screening Distance 

Wastewater Treatment Plant 2 miles 
Wastewater Pumping Facilities 1 mile 

Sanitary Landfill 2 miles 
Transfer Station 1 mile 

Composting Facility 1 mile 
Petroleum Refinery 2 miles 
Asphalt Batch Plant 2 miles 

Chemical Manufacturing 2 miles 
Fiberglass Manufacturing 1 mile 

Painting/Coating Operations 1 mile 
Rendering Plant 2 miles 

Food Processing Facility 1 mile 
Confined Animal Facility/Feed Lot/Dairy 1 mile 
Green Waste and Recycling Operations 1 mile 

Coffee Roaster 1 mile 
 
 
California Integrated Waste Management Board (CIWMB). Facilities that are regulated 
by the CIWMB (e.g. landfill, composting, etc.) are required to have Odor Impact 
Minimization Plans (OIMP) in place and have procedures that establish fence line odor 
detection thresholds. The Air District recognizes a Lead Agency’s discretion under 
CEQA to use established odor detection thresholds as thresholds of significance for 
CEQA review for CIWMB regulated facilities with an adopted OIMP.  
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4.0 CONSTRUCTION NOISE CRITERIA AND DESCRIPTORS 
 
4.1 Criteria 
 
Construction noise levels may be evaluated in terms of human response and considered in the 
assessment of effects on wildlife and other non-human species. Noise levels and criteria are expressed in 
English, metric, or both conventions, depending upon the geographic area or the policies of the 
controlling agency. Typically, the English convention is used mostly in the United States, with the 
metric convention used in Canada and other countries. 
 
While the issue of construction noise must be addressed as part of the planning of any transportation 
project, there are no standardized criteria on the federal level for assessing construction noise impacts 
related to transportation projects. Where project-specific construction noise criteria have been developed 
by individual agencies or municipalities, they typically consider the following factors which form the 
fundamentals for defining construction noise impact:   
 

• Difference between existing noise levels prior to construction startup and expected noise levels 
during construction: This takes into account specific construction operations and/or individual 
pieces of equipment. 

 
• Absolute level of expected construction noise: This may constitute the combined levels of all 

equipment and operations at a given time or be specifically related to the absolute noise level of a 
specific operation and/or piece of equipment. 

 
• Adjacent land uses: Consideration of this factor provides an indicator of the degree of sensitivity 

that may be expected and will likely have a major effect on the operational time restraints and the 
noise level increases tolerated.  For example, residential areas may typically have a restriction on 
night operations and possibly a noise level restriction during the day.  Industrial areas may have no 
restrictions at all, and offices may or may not have a restriction on the noise levels during the day, 
with possibly no restriction for night operations. Examples of absolute and relative construction 
noise level criteria are provided in Table 7.1.  

 
• Duration of construction/operation: The duration of high noise levels may play a significant role in 

how a noise impact is perceived and/or mitigated.  If the levels are of a brief nature, possibly only 
occurring once or twice during the project, the perceived impact could be quite different than that 
associated with a constant noise source. Similarly, any related noise mitigation techniques 
employed could be substantially different in terms of type and/or duration of application. 

 
4.1.1 History of Construction Noise Criteria 
 
4.1.1.1 United States  
 
While noise impact and abatement criteria have been established for the operation of transportation 
facilities in the United States, standardized criteria have not yet been established related to noise 
associated with the construction of such facilities. However, since the publication of the original 1977 
Reportref001, additional guidance has been disseminated (through agencies such as FHWA and FTA) and 
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analysis tools developed to better address construction noise. For example, the FTA Transit Noise and 
Vibration Impact Assessment documentref014 presents guidelines that “can be considered reasonable 
criteria for assessment” of construction noise impacts. In addition, a number of agencies, municipalities, 
and other entities have developed procedures for addressing construction noise impacts and 
implementing related noise mitigation for their areas of jurisdiction or on a project-specific basis. 
 
In some instances, local entities may have 
developed noise ordinances that contain 
restrictions associated with construction noise 
levels. Noise practitioners and others involved in 
the project development process are encouraged to 
become familiar with such ordinances and their 
relationship to other State and/or municipal 
ordinances. In certain instances, the State 
jurisdiction may supersede any local noise 
ordinances.   

 
 
 
 
 
 
 
                                        Figure 4.1  Local noise ordinance 

                                           (Photo #314) 
 
Noise restrictions may also be imposed by local and/or State 
authorities to deal with specific activities or operations. An example 
is the growing practice of restricting the use of engine compression 
brakes on heavy trucks in residential areas. 

 
Figure 4.2  Local noise restrictions 

(Photo #1206) 
 
Noise restrictions may also be applied within the workplace associated with employee/worker exposure 
to noise levels over varying durations. These criteria have been established by OSHA. However, such 
criteria are typically not relevant or applicable to the transportation-related project construction noise 
levels experienced by people residing or working in areas adjacent to such projects. As such, they are 
not discussed within this Handbook. 
  
Construction noise criteria within the United States vary considerably in terms of both scope and 
specificity and can be broadly categorized as follows, in order of complexity: 
 

• No criteria specified; 
• Qualitative criteria, e.g. “Noise levels shall not cause a disturbance”; 
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• Relative criteria, e.g. “Noise levels shall not exceed existing (or ambient, or background) noise 
levels by more than x dB”; 

• Absolute criteria, e.g. “Maximum noise levels shall not exceed xx dB”; 
• Criteria containing a combination absolute and relative noise level limits; and 
• Combinations of the above criteria elements with additional restrictions placed on time periods and 

types of land uses or activities.  
 
An example of more complex criteria is that associated with the Central Artery/Tunnel Project in 
Boston, MA. Data related to these criteria are discussed in Reference 023 and illustrated in Table 7.1 of 
this Handbook. This project established criteria that include both L10 and Lmax absolute noise level limits 
for defined noise sensitive locations (residences, institutions, hotels, etc.) for daytime, evening, and 
nighttime periods. In addition, the criteria established maximum noise level increases relative to 
established baseline noise levels. Relative and absolute noise level limits were also established for 
commercial and industrial areas. 
  
From the standpoint of construction noise criteria, the intent of this Handbook is not to address all State 
and local noise ordinances and/or criteria, but rather, to address the approaches and techniques that may 
be contained in such criteria. As such, the discussions contained within this Handbook are meant to 
provide a summary of considerations related to all aspects of construction noise. The reader is 
encouraged to refer to specific references in Table 10.1 for more detailed information on noise criteria 
and other factors related to construction noise. 
 
4.1.1.2 Canada  
 
Similar to the United States, no standardized Canadian criteria exist related to transportation project 
construction noise. Where project-specific analysis techniques have been employed to address and/or 
mitigate construction-related noise and its impacts, such methods have been similar to those employed 
in the United States. Examples of such efforts may be found in References 010 and 019.  
 
4.1.1.3 Other International  
 
While an exhaustive survey of international criteria was not conducted, several criteria are discussed 
here for informational use only. More specifics may be found by accessing the relative links found in the 
Reference Database in Chapter 10. 

 
• The Official Journal of the European Communities’ Directive 2000/14/EC of the European 

Parliament and of the Council of 8 May 2000ref017 establishes legislation dictating specific noise 
levels for individual pieces of construction equipment. It also contains specifics related to the 
measurement locations and equipment operating conditions relative to the testing of individual 
pieces of equipment. 

• The Australian EPA’s Environmental Noise Control Manualref015 establishes the following criteria 
which officers may specify related to construction noise: 

- For a construction period of four (4) weeks or less, the maximum L10 noise level 
measured over a period of not less than 15 minutes when the construction site is 
operating must not exceed the background noise level by more than 20 dBA; 
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- For a construction period greater than four (4) weeks, the maximum L10 noise level 
measured over a period of not less than 15 minutes when the construction site is 
operating must not exceed the background noise level by more than 10 dBA; 

- Construction limited to 0700 to 1800 time period on Monday through Friday; 
- Construction limited on Saturdays to 0700 to 1300 time period if inaudible on 

residential premises; otherwise, 0800 to 1300;  
- No construction work may take place on Sundays or public holidays; and 
- All possible steps should be taken to silence construction site equipment. It is 

particularly important that silenced equipment should be used on road or rail works 
where 24-hour operation is necessary. 

 
4.2 Descriptors  
 
While it is not the intent of this Handbook to establish criteria for evaluating construction noise impacts, 
it is important to stress that reasonable and defensible noise descriptors must be used to describe 
construction noise levels. The following are important elements related to selecting a workable noise 
descriptor for use in measuring and analyzing construction noise:  
 

 • Suitable for practical measuring methods;  
 • Accounts for temporal variations in equipment noise levels; 
 • Accounts for temporal variations in overall site noise level; 
 • Suitable for prediction modeling; 
 • Suitable for combining noise levels from various source types; and   
 • Relative to subjective responses. 

 
The descriptor most commonly chosen for use is the A-weighted equivalent sound level (energy basis), 
LAeq.  In many cases, the time average period applied to the LAeq value is one hour (designated LAeq1h). 
For certain projects and operations, the time period over which the LAeq is applied may need to be 
examined on a case-by-case basis. For several major construction projects in the United States and 
Canada, the L10 (applied generally during daytime periods) and Lmax  (applied for specific equipment 
and/or nighttime operations) descriptors have been used over varying time periods.  
 
The Ldn descriptor has been used to assess annoyance and community reaction to construction noise. Ldn 
is an LAeq-based descriptor that applies a 10 dBA penalty to nighttime noise levels. 
 
The LAeq-based and L10-based descriptors satisfy the first four elements listed above. The LAeq satisfies 
the fifth element and may also satisfy the sixth element (relative to subjective responses).   However, the 
LAeq, L10, and Lmax descriptors may not be suited for determining responses by some aquatic wildlife 
(where using an un-weighted sound pressure level may be more suitable) or for owls (where use of a 
different weighting category such as dBO or a descriptor such as SEL may be more suitable to account 
for effects such as air blasts associated with blasting). More detailed information related to these specific 
conditions might be found in documents listed in Section 3.2.6 of this document. 
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9.0 CONSTRUCTION EQUIPMENT NOISE LEVELS AND RANGES 
 
9.1 Equipment Type Inventory and Related Emission Levels 
 
Noise levels generated by individual pieces of construction equipment and specific construction 
operations form the basis for the prediction of construction-related noise levels. A variety of information 
exists related to sound emissions related to such equipment and operations. This data transcends the 
period beginning in the 1970s thru 2006. This information exists for both stationary and mobile sources 
and for steady, intermittent, and impulse type generators of noise. 
 
9.1.1 Stationary Equipment  
 
Stationary equipment consists of equipment that generates noise from one general area and includes 
items such as pumps, generators, compressors, etc. These types of equipment operate at a constant noise 
level under normal operation and are classified as non-impact equipment.  Other types of stationary 
equipment such as pile drivers, jackhammers, pavement breakers, blasting operations, etc., produce 
variable and sporadic noise levels and often produce impact-type noises.  Impact equipment is 
equipment that generates impulsive noise, where impulsive noise is defined as noise of short duration 
(generally less than one second), high intensity, abrupt onset, rapid decay, and often rapidly changing 
spectral composition. For impact equipment, the noise is produced by the impact of a mass on a surface, 
typically repeating over time. 
 
9.1.2 Mobile Equipment 
 
Mobile equipment such as dozers, scrapers, graders, etc., may operate in a cyclic fashion in which a 
period of full power is followed by a period of reduced power.  Other equipment such as compressors, 
although generally considered to be stationary when operating, can be readily relocated to another 
location for the next operation.  
 
9.2 Sources of Information 
 
Construction-related equipment and operation noise level data may be provided by numerous sources, 
including suppliers, manufacturers, agencies, organizations, etc. Some information is included in this 
document, and many web-based links are given for equipment manufacturers. 

 
9.3 Specifics of Construction Equipment and Operation Noise Inventories 
 
Details included in each specific inventory of construction equipment and operation noise emission 
levels are often variable in terms of how data is represented. Some inventories include ranges of noise 
levels while others present single numbers for each equipment type. Others provide levels for specific 
models of each type of construction equipment. Often, different noise descriptors are used, such as LAeq, 
Lmax, L10, sound power level, etc. As such, the array of data does not readily lend itself to being 
combined into a single table or easily compared. As such, this Handbook attempts to summarize a 
variety of such inventories and provide links to each, thereby providing the reader with a variety of 
sources from which to choose the appropriate levels for use in his or her respective analysis. 
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9.4 Summaries of Referenced Inventories 
 
Included below are examples of several inventories of construction-related noise emission values. These 
and additional inventories are included on the companion CD-ROM. 
 
9.4.1 RCNM Inventory 
 
Equipment and operation noise levels in this inventory are expressed in terms of Lmax noise levels and 
are accompanied by a usage factor value. They have been recently updated and are based on extensive 
measurements taken in conjunction with the Central Artery/Tunnel (CA/T) Project. Table 9.1 
summarizes the equipment noise emissions database used by the CA/T Project. While these values 
represent the “default” values for use in the RCNM, user-defined equipment and corresponding noise 
levels can be added.  
 

Table 9.1  RCNM Default Noise Emission Reference Levels and Usage Factors. 
 

Equipment Description Impact 
Device? 

Acoustical 
Usage 

Factor (%)

Spec. 
721.560 
Lmax @ 
50 feet 
(dBA, 
slow) 

Actual 
Measured Lmax 
@ 50 feet (dBA, 
slow) (Samples 

Averaged) 

Number of 
Actual Data 

Samples 
(Count) 

All Other Equipment > 5 HP No 50 85 N/A 0 
Auger Drill Rig No 20 85 84 36 
Backhoe No 40 80 78 372 
Bar Bender No 20 80 N/A 0 
Blasting Yes N/A 94 N/A 0 
Boring Jack Power Unit No 50 80 83 1 
Chain Saw No 20 85 84 46 
Clam Shovel (dropping) Yes 20 93 87 4 
Compactor (ground) No 20 80 83 57 
Compressor (air) No 40 80 78 18 
Concrete Batch Plant No 15 83 N/A 0 
Concrete Mixer Truck No 40 85 79 40 
Concrete Pump Truck No 20 82 81 30 
Concrete Saw No 20 90 90 55 
Crane No 16 85 81 405 
Dozer No 40 85 82 55 
Drill Rig Truck No 20 84 79 22 
Drum Mixer No 50 80 80 1 
Dump Truck No 40 84 76 31 
Excavator No 40 85 81 170 
Flat Bed Truck No 40 84 74 4 
Front End Loader No 40 80 79 96 
Generator No 50 82 81 19 
Generator (<25KVA, VMS Signs) No 50 70 73 74 
Gradall No 40 85 83 70 
Grader No 40 85 N/A 0 
Grapple (on backhoe) No 40 85 87 1 
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Equipment Description Impact 
Device? 

Acoustical 
Usage 

Factor (%)

Spec. 
721.560 
Lmax @ 
50 feet 
(dBA, 
slow) 

Actual 
Measured Lmax 
@ 50 feet (dBA, 
slow) (Samples 

Averaged) 

Number of 
Actual Data 

Samples 
(Count) 

Horizontal Boring Hydraulic Jack No 25 80 82 6 
Hydra Break Ram Yes 10 90 N/A 0 
Impact Pile Driver Yes 20 95 101 11 
Jackhammer Yes 20 85 89 133 
Man Lift No 20 85 75 23 
Mounted Impact Hammer (hoe ram) Yes 20 90 90 212 
Pavement Scarifier No 20 85 90 2 
Paver No 50 85 77 9 
Pickup Truck No 40 55 75 1 
Pneumatic Tools No 50 85 85 90 
Pumps No 50 77 81 17 
Refrigerator Unit No 100 82 73 3 
Rivit Buster/Chipping Gun Yes 20 85 79 19 
Rock Drill No 20 85 81 3 
Roller No 20 85 80 16 
Sand Blasting (single nozzle) No 20 85 96 9 
Scraper No 40 85 84 12 
Sheers (on backhoe) No 40 85 96 5 
Slurry Plant No 100 78 78 1 
Slurry Trenching Machine No 50 82 80 75 
Soil Mix Drill Rig No 50 80 N/A 0 
Tractor No 40 84 N/A 0 
Vacuum Excavator (Vac-Truck) No 40 85 85 149 
Vacuum Street Sweeper No 10 80 82 19 
Ventilation Fan No 100 85 79 13 
Vibrating Hopper No 50 85 87 1 
Vibratory Concrete Mixer No 20 80 80 1 
Vibratory Pile Driver No 20 95 101 44 
Warning Horn No 5 85 83 12 
Welder/Torch No 40 73 74 5 

 
For each generic type of equipment listed in Table 9.1, the following information is provided:  
 

• an indication as to whether or not the equipment is an impact device; 
• the acoustical usage factor to assume for modeling purposes; 
• the specification “Spec” limit for each piece of equipment expressed as an Lmax level in dBA 

“slow” at a reference distance of 50 foot from the loudest side of the equipment; 
• the measured “Actual” emission level at 50 feet for each piece of equipment based on hundreds of 

emission measurements performed on CA/T work sites; and 
• the number of samples that were averaged together to compute the “Actual” emission level. 

 
A comparison of the “Spec” emission limits against the “Actual” emission levels reveals that the Spec 
limits were set, in general, to realistically obtainable noise levels based on the equipment used by 
contractors on the CA/T Project.  When measured in the field, some equipment such as pile drivers, sand 
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blasting, demolition shears, and pumps tended to exceed their applicable emission limit.  As such, these 
noisy devices needed to have some form of noise mitigation in place in order to comply with the Spec 
emission limits.  Other equipment, such as clamshell shovels, concrete mixer trucks, truck-mounted drill 
rigs, man-lifts, chipping guns, ventilation fans, pavers, dump trucks, and flatbed trucks, easily complied. 
Therefore, the Spec emission limits for these devices could have been reduced somewhat further. It is 
recommended that the user review the RCNM User’s Guide contained in Appendix A for detailed 
guidance regarding application of values contained in Table 9.1. 
 
9.4.2 FHWA Special Report Inventories 
 
Appendix A of the 1977 Handbook provides tables of construction equipment noise levels and ranges. 
The majority of the data were provided by the American Road Builders Association. These data were 
taken during a 1973 survey in which member contractors were asked to secure readings of noise 
exposure to operators of various types of equipment. Additionally, the contractors were asked to take 
readings at 50 feet from the machinery. These 50-foot peak readings are provided in Tables 9.2 through 
9.8. Though the data were produced under varying conditions and degrees of expertise, the values are 
relatively consistent. 
 

Table 9.2  Construction Equipment Noise Levels Based on Limited Data Samples - Cranes. 
 

Manufacturer Type or Model Peak Noise Level (dBA) Remarks 

Northwestern 80D 77 Within 15m 1958 mod 

Northwestern 8 84 Within 15m 1940 mod 

Northwestern 6 72 Within 15m 1965 mod 

American 7260 82 Within 15m 1967 mod 

American 599 76 Within 15m 1969 mod 

American 5299 70 Within 15m 1972 mod 

American 4210 82 Within 15m 1968 mod 

Buck Eye 45C 79 Within 15m 1972 mod 

Buck Eye 308 74 Within 15m 1968 mod 

Buck Eye 30B 73 Within 15m 1965 mod 

Buck Eye 30B 70 Within 15m 1959 mod 

Link Belt LS98 76 Within 15m 1956 mod 

Manitowoc 4000 94 Within 15m 1956 mod 

Grove RF59 82 Within 15m 1973 mod 

Koehr 605 76 Within 15m 1967 mod 

Koehr 435 86 Within 15m 1969 mod 

Koehr 405 84 Within 15m 1969 mod 
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Table 9.3  Construction Equipment Noise Levels Based on Limited Data Samples - Backhoes. 
 

Manufacturer Type or Model Peak Noise Level (dBA) Remarks 

Link Belt 4000 92 Within 15m 1971 mod 

John Deere 609A 85 Within 15m 1971 mod 

Case 680C 74 Within 15m 1973 mod 

Drott 40 yr. 82 Within 15m 1971 mod 

Koehr 1066 81 & 84 Within 15m 2 tested 

 
Table 9.4  Construction Equipment Noise Levels Based on Limited Data Samples - Front Loaders. 

Manufacturer Type or Model Peak Noise Level (dBA) Remarks 

Caterpillar 980 84 Within 15m 1972 mod 

Caterpillar 977K 79 Within 15m 1969 mod 

Caterpillar 977 87 Within 15m 1971 mod 

Caterpillar 977 94 Within 15m 1967 mod 

Caterpillar 966C 84 Within 15m 1973 mod 

Caterpillar 966C 85 Within 15m 1972 mod 

Caterpillar 966 81 Within 15m 1972 mod 

Caterpillar 966 77 Within 15m 1972 mod 

Caterpillar 966 85 Within 15m 1966 mod 

Caterpillar 955L 90 Within 15m ;1973 mod 

Caterpillar 955K 79 Within 15m 1969 mod 

Caterpillar 955H 94 Within 15m 1963 mod 

Caterpillar 950 78 & 80 Within 15m 1972 mod 

Caterpillar 950 75 Within 15m 1968 mod 

Caterpillar 950 88 Within 15m 1967 mod 

Caterpillar 950 86 Within 15m 1965 mod 

Caterpillar 944A 80 Within 15m 1965 mod 

Caterpillar 850 82 Within 15m 1968 mod 

Michigan 75B 90 Within 15m 1969 mod 

Michigan 475A 96 Within 15m 1967 mod 

Michigan 275 85 Within 15m 1971 mod 
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Manufacturer Type or Model Peak Noise Level (dBA) Remarks 

Michigan 125 87 Within 15m 1967 mod 

Hough 65 82 Within 15m 1971 mod 

Hough 60 91 Within 15m 1961 mod 

Hough 400B 94 Within 15m 1961 mod 

Hough H90 86 Within 15m 1961 mod 

Trojan 3000 85 Within 15m 1956 mod 

Trojan RT 82 Within 15m 1965 mod 

Payloader H50 85 Within 15m 1963 mod 

 
Table 9.5  Construction Equipment Noise Levels Based on Limited Data Samples - Dozers. 

 
Manufacturer Type or Model Peak Noise Level (dBA) Remarks 

Caterpillar D5 83 Within 15m 1967 mod 

Caterpillar D6 85 Within 15m 1967 mod 

Caterpillar D6 86 Within 15m 1964 mod 

Caterpillar D6 81 Within 15m 1967 mod 

Caterpillar D6B 83 Within 15m 1967 mod 

Caterpillar D6C 82 Within 15m 1962 mod 

Caterpillar D7 85 Within 15m 1956 mod 

Caterpillar D7 86 Within 15m 1969 mod 

Caterpillar D7 84 Within 15m 1969 mod 

Caterpillar D7 78 Within 15m 1970 mod 

Caterpillar D7 78 Within 15m 1972 mod 

Caterpillar D7E 86 Within 15m 1965 mod 

Caterpillar D7E 78 Within 15m 1970 mod 

Caterpillar D7E 84 Within 15m 1973 mod 

Caterpillar D7F 80 Within 15m 1972 mod 

Caterpillar D8 92 Within 15m 1954 mod 

Caterpillar D8 95 Within 15m 1968 mod 

Caterpillar D8 86 Within 15m 1972 mod 

Caterpillar D8H 88 Within 15m 1966 mod 

Caterpillar D8H 82 Within 15m 1972 mod 
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Manufacturer Type or Model Peak Noise Level (dBA) Remarks 

Caterpillar D9 85 Within 15m 1972 mod 

Caterpillar D9 94 Within 15m 1972 mod 

Caterpillar D9 90 Within 15m 1963 mod 

Caterpillar D9 87 Within 15m 1965 mod 

Caterpillar D9 90 Within 15m 1965 mod 

Caterpillar D9 88 Within 15m 1968 mod 

Caterpillar D9 92 Within 15m 1972 mod 

Caterpillar D9G 85 Within 15m 1965 mod 

Allis Chambers HD41 93 Within 15m 1970 mod 

International TD15 79 Within 15m 1970 mod 

International TD20 87 Within 15m 1970 mod 

International TD25 90 Within 15m 1972 mod 

International TD8 83 Within 15m 1970 mod 

Case 1150 82 Within 15m 1972 mod 

John Deer 350B 77 Within 15m 1971 mod 

John Deer 450B 65 Within 15m 1972 mod 

Terex 8230 70 Within 15m 1972 mod 

Terex 8240 93 Within 15m 1969 mod 

Michigan 280 85 Within 15m 1961 mod 

Michigan 280 90 Within 15m 1962 mod 

Caterpillar 824 90 Within 15m 1968 mod 

 
Table 9.6  Construction Equipment Noise Levels Based on Limited Data Samples - Graders. 

 
Manufacturer Type or Model Peak Noise Level (dBA) Remarks 

Caterpillar 16 91 Within 15m 1969 mod 

Caterpillar 16 86 Within 15m 1968 mod 

Caterpillar 140 83 Within 15m 1970 mod 

Caterpillar 14E 84 Within 15m 1972 mod 

Caterpillar 14E 85 Within 15m 1971 mod 

Caterpillar 14C 85 Within 15m 1971 mod 

Caterpillar 14B 84 Within 15m 1967 mod 
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Manufacturer Type or Model Peak Noise Level (dBA) Remarks 

Caterpillar 12F 82 Within 15m 1961-72 mod 

Caterpillar 12F 72-92 Within 15m 1961-72 mod 

Caterpillar 12E 81.3 Within 15m 1959-67 mod 

Caterpillar 12E 80-83 Within 15m 1959-67 mod 

Caterpillar 12 84.7 Within 15m 1960-67 mod 

Caterpillar 12 82-88 Within 15m 1960-67 mod 

Gallon T500 84 Within 15m 1964 mod 

Allis Chambers  87 Within 15m 1964 mod 

 
Table 9.7  Construction Equipment Noise Levels Based on Limited Data Samples - Scrapers. 

 
Manufacturer Type or Model Peak Noise Level (dBA) Remarks 

Caterpillar 660 92 Within 15m 

Caterpillar 641B 85 Within 15m 1972 mod 

Caterpillar 641B 86 Within 15m 1972 mod 

Caterpillar 641 80 & 84 Within 15m 1972 mod 

Caterpillar 641 83 & 89 Within 15m 1965 mod 

Caterpillar 637 87 Within 15m 1971 mod 

Caterpillar 633 87 Within 15m 1972 mod 

Caterpillar 631C 89 Within 15m 1973 mod 

Caterpillar 631C 83 Within 15m 1972 mod 

Caterpillar 631B 94 Within 15m 1969 mod 

Caterpillar 631B 84-87 Within 15m 1968 mod 

Caterpillar  85 avg. Within 15m 1968 mod 

Caterpillar 621 90 Within 15m 1970 mod 

Caterpillar 621 86 Within 15m 1967 mod 

Caterpillar 613 76 Within 15m 1972 mod 

Terex TS24 87 Within 15m 1972 mod 

Terex TS24 84-91  

Terex TS24 82 Within 15m 1971 mod 

Terex TS24 81-83 Within 15m 1971 mod 

Terex TS24 94 Within 15m 1966 mod 
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Manufacturer Type or Model Peak Noise Level (dBA) Remarks 

Terex TS24 92-98 Within 15m 1966 mod 

Terex TS24 94.7 Within 15m 1963 mod 

Terex TS24 94-95 Within 15m 1963 mod 

Terex TS14 82 Within 15m 1969 mod 

Terex S35E 84 Within 15m 1971 mod 

 
Table 9.8  Noise Levels of Standard Compressors. 

 

Manufacturer Model Silenced or 
Standard 

Type 
Eng. 

Type 
Comp. 

Test Avg. 
Cond. 

(cfm.psi) 

Avg. Cond. Noise 
Lev. (cfm.psi) 
(dBA) at 7m* 

Atlas ST-48 Standard Diesel Reciprocal 160,100 83.6 
Atlas ST-95 Standard Diesel Reciprocal 330,105 80.2 
Atlas VSS-170Dd Silenced Diesel Reciprocal 170,850 70.2 
Atlas VT-85M Standard Gas Reciprocal 85,100 81.4 
Atlas VS-85Dd Silenced Gas Reciprocal 85,100 75.5 
Atlas VSS-125Dd Silenced Diesel Reciprocal 125,100 70.1 
Atlas STS-35Dd Silenced Diesel Reciprocal 125,100 73.5 
Atlas VSS-170Dd Silenced Diesel Reciprocal 170,100  

Gardner-
Denver 

SPWDA/2 Silenced Diesel Rotary-
Screw 

1200,000 73.3 

Gardner-
Denver 

SPQDA/2 Silenced Diesel Rotary-
Screw 

750,000 78.2 

Gardner-
Denver 

SPHGC Silenced Gas Rotary-
Screw 

185,000 77.1 

Ingersoll-Rand DXL 1200 Standard Diesel Rotary-
Screw 

1200,125 92.6 

Ingersoll-Rand DXL 1200 
(doors open) 

Standard Diesel Rotary-
Screw 

1200,125  

Ingersoll-Rand DXL 900S Silenced Diesel Rotary-
Screw 

900,125 76.0 

Ingersoll-Rand DXL 900S Silenced Diesel Rotary-
Screw 

900,125 75.1 

Ingersoll-Rand DXLCU1050 Standard Diesel Rotary-
Screw 

1050,125 90.2 

Ingersoll-Rand DXL 900S Silenced Diesel Rotary-
Screw 

900,125 75.3 

Ingersoll-Rand DXL 900S Silenced Diesel Rotary-
Screw 

900,125 75.0 

Ingersoll-Rand DXL 900 Standard Diesel Rotary-
Screw 

900,125 89.9 

Ingersoll-Rand DXL 750 Standard Diesel Rotary-
Screw 

750,125 87.7 

Jaeger A Standard Gas Rotary-
Screw 

175,100 88.2 

Jaeger A( doors Standard Gas Rotary- 175,100  
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Manufacturer Model Silenced or 
Standard 

Type 
Eng. 

Type 
Comp. 

Test Avg. 
Cond. 

(cfm.psi) 

Avg. Cond. Noise 
Lev. (cfm.psi) 
(dBA) at 7m* 

open) Screw 
Jaeger E Standard Gas Vane 85,100 81.5 
Jaeger E(doors open) Standard Gas Vane 85,100  

Worthington 60 G/2Qt Silenced Gas Vane 160,100 74.2 
Worthington 750-QTEX Silenced Diesel Rotary-

Screw 
750,100 74.7 

*Data taken from EPA Report - EPA 550/9-76-004. 
 
 
9.4.3 FTA Noise and Vibration Assessment Procedure 
 
Chapter 12 of the FTA Transit Noise and Vibration Guidance Handbook discusses construction noise 
evaluation methodology and contains the noise emission levels for construction equipment displayed in 
Table 9.9. 
 

Table 9.9  FTA Construction Equipment Noise Emission Levels. 
 

Equipment Typical Noise Level (dBA) 50 ft from Source* 
Air Compressor 81 

Backhoe 80 
Ballast Equalizer 82 
Ballast Tamper 83 

Compactor 82 
Concrete Mixer 85 
Concrete Pump 82 

Concrete Vibrator 76 
Crane Derrick 88 
Crane Mobile 83 

Dozer 85 
Generator 81 

Grader 85 
Impact Wrench 85 
Jack Hammer 88 

Loader 85 
Paver 89 

Pile Driver (Impact) 101 
Pile Driver (Sonic) 96 

Pneumatic Tool 85 
Pump 76 

Rail Saw 90 
Rock Drill 98 

Roller 74 
Saw 76 

Scarifier 83 
Scraper 89 
Shovel 82 

Spike Driver 77 
Tie Cutter 84 
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Equipment Typical Noise Level (dBA) 50 ft from Source* 
Tie Handler 80 
Tie Inserter 85 

Truck 88 
*Table based on EPA Report, measured data from railroad construction 
equipment taken during Northeast Corridor improvement project and other 
measured data. 

 
9.5 Links to Equipment Manufacturers  
 
Table 9.10 contains web-based links to manufacturers of construction equipment. While few of these 
links contain noise-related data associated with the equipment, they provide descriptions and/or 
specifications related to the equipment, as well as sources for possibly obtaining additional information 
related to the equipment. Information in this table is by no means all-inclusive and does not represent 
any type of endorsement of the manufacturers, suppliers, or equipment. Users are hereby advised that 
the referenced websites may have certain restrictions, copyrights, etc., associated with any use of data 
contained therein. 
 

Table 9.10  Equipment Manufacturers and Websites. 
 
Equipment Manufacturer Website Address 
Arrow Boards  
  North Star http://northstar-traffic.com/index.cfm?SC=14&PT=1  
  Trafcom http://www.trafcon.com  
  Allmand http://www.allmand.com/MB%20AB%20page.htm  
Articulated Trucks 
  Case http://www.casece.com/products/products.asp?RL=NAE&id=196  
  Hitachi http://www.hitachi-c-m.com/global/products/articulate/index.html  

  Terex 
http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=182b2104d7a1ce2c68b57b49f8c1436c&nav=prod#nb_0fb6
92066603522ee229a7ff28293d18  

  Caterpillar http://www.cat.com/cda/layout?m=37840&x=7  

  Volvo http://www.volvo.com/constructionequipment/na/en-
us/products/articulatedhaulers/  

Asphalt Saws 
  Allied http://www.alliedcp.com/products/rotocut.asp  
Augers – See Drills / Augers 
Backhoes – See Loaders/Backhoes 
Boring Equipment – See Pile Drivers/Boring Equipment 
Compaction Equipment 
  Allied http://www.alliedcp.com/products/compactor.asp  
Compressors 
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Equipment Manufacturer Website Address 

  Sullair http://www.sullair.com/corp/details/0,10294,CLI1_DIV61_ETI57
14,00.html  

  Compair http://www.compair.com/Products/Portable_Compressors.aspx  
Concrete and Asphalt  Batch/Mixing Plants and Equipment 
  Con-E-Co http://www.con-e-co.com/products.cfm  

  Terex 
http://www.terex.com/main.php?obj=prod&action=VIEW&id=a2
53f234f9c3bd69195320d1fe6e1cd9&nav=prod&cid=7713bf85ccb
5a97458457e944ca4ed76  

  Gunter & http://www.guntert.com/concrete_mobilebatching.asp  
  Rex Con http://www.rexcon.com/products.html  
Concrete Breakers/ Hydraulic Hammers/Hydraulic Breakers 
  Drillman http://www.drillmanindia.com/concrete-breaker.html  
  Hydro Khan http:/www.sangi.co.kr/english/e_product1_2.php  

  Stanley http://www.stanley-hydraulic-
tools.com/Hand%20Held/NoAmbreakers.htm  

  Lynx http://www.stanley-hydraulic-tools.com/Lynx/breakers.htm  
Concrete Chain Saws 
  Lynx http://www.stanley-hydraulic-tools.com/Lynx/concrete-saws.htm  
Concrete Core Drilling Machines 
  Multiquip http://www.multiquip.com/multiquip/318_ENU_HTML.htm  
Concrete Cutters 

  Vermeer http://www.vermeermfg.com/vcom/TrenchingEquipment/Line.jsp
?PrdlnID=3618  

Concrete/Material Pumps 
  Multiquip http://www.multiquip.com/multiquip/309_ENU_HTML.htm  
  Reed http://www.reedpumps.com/  
Concrete Mixer Trucks 

  Oshkosh http://www.oshkoshtruck.com/concrete/products~overview~home.
cfm  

  London http://www.lmi.ca/mixers.cfm  
  Terex/Advance http://www.advancemixer.com/trucks.asp  
Concrete Saws 
  Multiquip http://www.multiquip.com/multiquip/315_ENU_HTML.htm  

  Diamond Core 
Cut http://www.diamondproducts.com/dp_home.htm  

Concrete Screeds 
  Multiquip http://www.multiquip.com/multiquip/317_ENU_HTML.htm 
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Equipment Manufacturer Website Address 
Concrete Vibrators 
  Multiquip http://www.multiquip.com/multiquip/313_ENU_HTML.htm  

  Sullair http://www.sullair.com/corp/details/0,10294,CLI1_DIV61_ETI57
22,00.html  

Cranes  

  Malcolm 
Drilling  www.malcolmdrilling.com  

  Link-Belt http://www.linkbelt.com/lit/products/frameproducthome.htm  
  Casagrande http://www.casagrandegroup.com/home_fond.php  
  Liebherr http://www.liebherr.com/em/en/35381.asp   

  Terex http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=487c16c8ff145d0843f57512eafb8592&nav=prod  

Crawler Tractors – See Dozers/Crawler Tractors 
Crushing and Screening Equipment 
  Cedarapids http://www.cedarapids.com/crushscr.htm  
  Hitachi http://www.hitachi-c-m.com/global/products/crusher/index.html  
  Komatsu http://www.komatsu.com/ce/products/mobile_crushers.html  

  Terex http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=e75ed9c85681b27ffcfe5cadbd68c04e&nav=prod  

Crushers/Pulverizers 
  Hydro Khan http://www.sangi.co.kr/english/e_product3.php  
Cutoff Saws 
  Multiquip http://www.multiquip.com/multiquip/309_ENU_HTML.htm 
  Lynx http://www.stanley-hydraulic-tools.com/Lynx/cutoff%20saw.htm  
Dozers/CrawlerTractors 

  John Deere http://www.deere.com/en_US/cfd/construction/deere_const/crawle
rs/deere_dozer_selection.html 

  Caterpillar http://www.cat.com/cda/layout?m=37840&x=7  
  Case http://www.casece.com/products/products.asp?RL=NAE&id=2  
  Komatsu http://www.komatsu.com/ce/products/crawler_dozers.html  
Dewatering Pumps 
  Multiquip http://www.multiquip.com/multiquip/371_ENU_HTML.htm  
Drills / Augers 

  Malcolm 
Drilling  www.malcolmdrilling.com  

  Casagrande www.casagrandegroup.com/home_fond.php  
  Soilmec http://www.soilmec.com/_vti_g1_techno.aspx?rpstry=4_  
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Equipment Manufacturer Website Address 

  Terex 
http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=702f2c2ab1d75e021729f249258879f4&nav=prod#nb_cd8ee
b0c300ecd6c7df8a7462718172d  

Excavators  
  Hitachi http://www.hitachi-c-m.com/global/products/excavator/index.html 
  Caterpiller http://www.cat.com/cda/layout?m=37840&x=7  

  Volvo http://www.volvo.com/constructionequipment/na/en-
us/products/compactexcavators/   

    http://www.volvo.com/constructionequipment/na/en-
us/products/wheeledexcavators/  

    http://www.volvo.com/constructionequipment/na/en-
us/products/crawlerexcavators/  

  John Deere http://www.deere.com/en_US/cfd/construction/deere_const/excava
tors/deere_excavator_selection.html 

  Liebherr http://www.liebherr.com/em/en/18891.asp  
  Soilmec http://www.soilmec.com/_vti_g1_t02.aspx?rpstry=29_  
  Gehl http://www.gehl.com/const/prod_sl.html  
  Case http://www.casece.com/products/products.asp?RL=NAE&id=216  
  Komatsu http://www.komatsu.com/ce/products/crawler_excavators.html  
    http://www.komatsu.com/ce/products/wheel_excavators.html  

  Terex http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=477c69a0ac11ed40efe034eb1420b8c6&nav=prod  

  Link-Belt http://www.lbxco.com/lx_series.asp 
  Gradall http://www.gradall.com/  

 Badger 
Daylighting http://www.badgerinc.com/  

Fork Lifts – See Lifts / Variable Reach Fork Lifts/ Material Handlers 
Generators 

  Terex http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=6cde2dee72c250aafbd68c5b8c8d028b&nav=prod  

  Multiquip http://www.multiquip.com/multiquip/212_ENU_HTML.htm  

  Sullair http://www.sullair.com/corp/details/0,10294,CLI1_DIV61_ETI57
14,00.html  

  Baldor http://www.baldor.com/products/generators/ts.asp  
Graders 
  Case http://www.casece.com/products/products.asp?RL=NAE&id=190  

  Volvo http://www.volvo.com/constructionequipment/na/en-
us/products/MotorGraders/  
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Equipment Manufacturer Website Address 
  Komatsu http://www.komatsu.com/ce/products/motor_graders.html  

  Terex http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=b71fa964f478a2243ebbbbafa04bf814&nav=prod  

Hand Compaction Equipment 

  Terex 
http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=4c93fdc86b1c7733c1564fc8c41ee691&nav=prod#nb_cbcf3
5494fa399b7350f8edf5bc27373  

  Multiquip http://www.multiquip.com/multiquip/56_ENU_HTML.htm   
Hydraulic Hammers/Hydraulic Breakers – See Concrete Breakers/ Hydraulic 
Hammers/Hydraulic Breakers 
Jackhammers – See Rock Drilling Equipment/Jackhammers 
Lifts / Variable Reach Fork Lifts/ Material Handlers 
  Genie Lift www.genielift.com  
  Sky Track www.kirby-smith.com/  
  Ingersol-Rand www.ingersollrand.com  

  Terex http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=6d18d9a15fdb6da73f44a893c21c0fb4&nav=prod  

 Roadtec http://www.roadtec.com/products/mtv/default.htm 
Light Towers 
  Baldor http://www.baldor.com/products/generators/mlt.asp  
  Multiquip http://www.multiquip.com/multiquip/293_ENU_HTML.htm 
  Allmand http://www.allmand.com/Night%20Lite%20Pro%20page.htm  
Loaders/Backhoes 
  Case http://www.casece.com/products/products.asp?RL=NAE&id=54  
  Caterpillar http://www.cat.com/cda/layout?m=37840&x=7  

  Volvo http://www.volvo.com/constructionequipment/na/en-
us/products/backhoeloaders/  

  John Deere http://www.deere.com/en_US/cfd/construction/deere_const/backh
oes/deere_backhoe_selection.html 

  Komatsu http://www.komatsu.com/ce/products/backhoe_loaders.html  

Material Handlers – See Lifts / Variable Reach Fork Lifts/ Material Handlers 

Milling Machines 
  Wirtgen https://www.wirtgenamerica.com/noflash.html  
Mining Trucks – See Rigid Dump Trucks/Mining Trucks 
Pans – See Scrapers/Pans 
Pavers/Paving Equipment 
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Equipment Manufacturer Website Address 

  Caterpillar/ 
Barber Greene http://www.cat.com/cda/layout?m=37840&x=7 

  Rosco http://www.leeboy.com/rosco/  
  Bomag http://www.bomag.com/americas/index.aspx?&Lang=478  
  Gehl http://www.gehl.com/const/prodpg_ap.html  
  Leeboy http://www.leeboy.com/leeboy/  

  Terex 
http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=7713bf85ccb5a97458457e944ca4ed76&nav=prod#nb_70af
03a93dfc933f83a7e6afdc2dc833  

  Ingersoll-Rand http://www.road-
development.irco.com/Default.aspx?MenuItemID=12  

  Vogele http://www.vogeleamerica.com/noflash.html  
 GOMACO http://www.gomaco.com/index.html  
 Roadtec http://www.roadtec.com/products/asphalt_pavers/default.htm  
Pile Drivers/Boring Equipment 
  Soilmec http://www.soilmec.com/_vti_g1_t09.aspx?rpstry=29_  
  Leffer http://www.leffer.com/hme.html  

  Bauer http://www.bauer.de/en/maschinenbau/produkte/drehbohrgeraete/b
g_reihe/usbg15h.htm  

Pipelayers/Trenchers 
  Liebherr http://www.liebherr.com/em/en/18908.asp  
  Caterpillar http://www.cat.com/cda/layout?m=37840&x=7  

  Case http://www.casece.com/products/products.asp?RL=NAE&id=28&
archived=1  

  Vermeer http://www.vermeermfg.com/vcom/TrenchingEquipment/trenchin
g-equipment.htm  

  Ditchwitch http://www.ditchwitch.com/dwcom/Product/ProductView/115  
  Eagle http://www.guntert.com/trenchers_home.asp  
Profilers – See Roadway Planers/Profilers 
Rammers 
  Multiquip http://www.multiquip.com/multiquip/56_ENU_HTML.htm  
Rebar Benders/Cutters 
  Multiquip http://www.multiquip.com/multiquip/1316_ENU_HTML.htm 
Recyclers – See Stabilizers/Recyclers 
Rigid Dump Trucks/Mining Trucks 
  Hitachi http://www.hitachi-c-m.com/global/products/rigid/index.html  
  Caterpillar http://www.cat.com/cda/layout?m=37840&x=7  
  Liebherr http://www.liebherr.com/em/en/18898.asp  
  Komatsu http://www.komatsu.com/ce/products/dump_trucks.html  
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Equipment Manufacturer Website Address 

  Terex 
http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=182b2104d7a1ce2c68b57b49f8c1436c&nav=prod#nb_d97e
204d5e73962e595735d68fad8ae3  

Roadway Planers/Profilers 

  Terex 
http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=7713bf85ccb5a97458457e944ca4ed76&nav=prod#nb_c9b8
a083c7d9ebb936cd1e4f642eba59  

 Roadtec http://www.roadtec.com/products/cold_planers/default.htm 
Rock Drilling Equipment/Jackhammers 
  Drillman http://www.drillmanindia.com/rock-drilling-machine.html  

  Whaker http://www.wackergroup.com/webapp/wcs/stores/servlet/ViewAll
Models?storeId=10051&prodgrpId=10070&langId=-1  

  Sullair http://www.sullair.com/corp/details/0,10294,CLI1_DIV61_ETI57
21,00.html  

  Allied http://www.alliedcp.com/products/hammers.asp  
Rollers – See Tampers/Rollers 
Scrapers/Pans 

  Terex http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=e3959eefdc65adcc4e0e616b833694b1&nav=prod  

Screening Equipment – See Crushing and Screening Equipment  
Slabbuster 
  Allied http://www.alliedcp.com/products/slabbuster.asp  
Slip Form Pavers 
  Huron http://www.huronmanufacturing.com/  

  Guntert & 
Zimmerman http://www.guntert.com/concreteSlipformPavers.asp  

Stabilizers/Recyclers 
  Bomag http://www.bomag.com/americas/index.aspx?&Lang=478  
  Komatsu http://www.komatsu.com/ce/products/mobile_crushers.html  

  Terex 
http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=7713bf85ccb5a97458457e944ca4ed76&nav=prod#nb_d920
dd8094cc1af5cb5d82359f8f227b  

  Wirtgen https://www.wirtgenamerica.com/noflash.html  
 Roadtec http://www.roadtec.com/products/cir/default.htm  
Sweepers 

  Elgin http://www.elginsweeper.com/index.asp  
  Johnston http://www.johnstonsweepers.com/  

Tampers/ Rollers 
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Equipment Manufacturer Website Address 
  Bomag http://www.bomag.com/americas/index.aspx?&Lang=478  
  Komatsu http://www.komatsu.com/ce/products/vibratory_rollers.html  

  Whaker http://www.wackergroup.com/webapp/wcs/stores/servlet/ViewAll
Models?storeId=10051&prodgrpId=10070&langId=-1  

  Lynx http://www.stanley-hydraulic-tools.com/Lynx/tamper.htm  
  Multiquip http://www.multiquip.com/multiquip/181_ENU_HTML.htm  

  Ingersoll-Rand http://www.road-
development.irco.com/Default.aspx?MenuItemID=15  

Trenchers – See Pipelayers/Trenchers 
Trucks – See Articulated Trucks, Concrete Mixer Trucks, Rigid Dump Trucks/Mining Trucks 
Vacuum Units 

  
Advanced 
Recycling 
Systems 

www.arsrecycling.com/  

  Vacmasters http://www.vacmasters.com/airsystm.htm  
 Vector http://www.vector-vacuums.com/  
Variable Message Signs 
  Allmand http://www.allmand.com/MB%20only%20page.htm  
  North Star http://northstar-traffic.com/index.cfm?SC=13&PT=1  
  Trafcom http://www.trafcon.com  
 Daktronics http://www.daktronics.com/vms_prod/dak_vms_products.cfm   
Vibratory Rammers 

  Whaker http://www.wackergroup.com/webapp/wcs/stores/servlet/ViewAll
Models?storeId=10051&prodgrpId=10070&langId=-1  

Welders/Welding Equipment 
  Airgas www.airgas.com  
  Multiquip http://www.multiquip.com/multiquip/408_ENU_HTML.htm  
  Miller http://www.millerwelds.com/products/  

  Lincoln http://www.mylincolnelectric.com/Catalog/equipmentseries.asp?br
owse=101|400|  

Wheel Loaders 
  Hitachi http://www.hitachi-c-m.com/global/products/loader/index.html  
  Case http://www.casece.com/products/products.asp?RL=NAE&id=30  
  Caterpillar http://www.cat.com/cda/layout?m=37840&x=7  

  Volvo http://www.volvo.com/constructionequipment/na/en-
us/products/wheelloaders/  

  Terex http://www.terex.com/main.php?obj=category&action=BROWSE
&cid=ad8a2ae2f52f113b6d143bfd7765b165&nav=prod  
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Equipment Manufacturer Website Address 
  Komatsu http://www.komatsu.com/ce/products/wheel_loaders.html  
  TCM http://www.tcmglobal.net/products/main02.html  
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Preface 

Introduction 

This Noise Guidebook has been 
prepared to serve as the basic 
reference document fO<' all HUD field 
staff who are responsible for 
Implementing the Department's noise 
policy. lt brings together In one place 
all the various reports, Informational 
papers and other Items that have been 
put out by the Department over the 
past several years. It also contains 
several new Items designed to make 
your job easier. 

This Guidebook Is designed to 
serve not only the experienced HUD 
staff member but also the new 
employee 0<' the old employee who Is 
new to the noise field. Because of 
this, the Guidebook contains some 
fairly basic background material as 
well as quizzes and other material 
specifically geared for the "learner." 
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ERRATA SHEET 
 

The Noise Guidebook 
Railway Noise Guidance and Calculation Corrections 

 
February 2009 

 
The following should replace the paragraph entitled “Horns and Whistles” on page 63 
(also marked 15) in the Noise Assessment Guidelines, Chapter 5, of The Noise 
Guidebook (September 1991).   

If the Noise Assessment Location (NAL) is perpendicular to any point on 
along a railroad track between the whistle posts for a road crossing, a 
factor to account for the noise of warning horns or whistles must be 
included in the calculation.  There are 2 factors to be used based on the 
type of locomotive.  If the locomotive is diesel-powered, enter the number 
10 in column 11 of Worksheet D.  If the locomotive is electric-powered, 
enter the number 100 in column 18 of Worksheet D.  If the NAL is not 
between the whistle posts for a road crossing, enter the number 1 in each 
column. 

Note:  Whichever horn factor is appropriate, it must only be applied once.  
If a factor is applied for diesel locomotives in the first section of the 
worksheet, it must not be applied to the railcar noise calculation in the 
second part.  In that instance, enter the number 10 in column 11 and the 
number 1 in column 18. 

A revised Worksheet D also accompanies this correction.  It is easily distinguished from 
the original.  The new Worksheet D has an additional column in the second section of 
page 2 for a total of 27 columns.  The original version, with 26 columns, is hereby void. 
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List All Railways within 3000 feet of the site:

1.

2.

3.

1.	 Effective distance:

5.  	Number of rail cars per train:

4.  	Number of diesel locomotives per train:

3.  	Fraction of operations occuring at night:

	 b.	 electrified

	 a.  	diesel

2.	 Number of Trains in 24 hours:

Railway No. 1 Railway No. 3Railway No. 2

Railway Noise
Data Sheet

Noise Assessment Guidelines

	 a.  	diesel trains

Include locomotive for 
electrified trains

Necessary Information

Notes

	 b.  	electrified trains

6.  	Average train speed:

7.  	Is track welded or bolted?

8.  	Is the site opposite a section of tracks 	
	 between whistle stops?

10 p.m. - 7a.m.

Measured in feet from 
NAL to center of track
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Adjustments for Diesel Locomotives

9 
No. of
Locomotives

2

Combined Locomotive and Railway Car DNL (See combining noise levels table for procedures)

Partial DNL 
Railway No. 1

10 
Average
Speed
(Table 9)

11 

Horns
(Enter 10)

12 
Night-
time
(Table 5)

13 
No. of 
Trains
(Line 2a)

14 

Adj. No
of Opns.

15 

DNL
(Workchart 3)

16 

Barrier
Attn.

17 

Partial
DNL

x x x x = - =

x x x x = - =

Railway No. 1

Railway No. 2

Railway No. 3 x x x = - =

Adjustments for Railway Cars or Rapid Transit Trains and Electric Locomotives

18 
Horns on 
Electric 
Trains only
(Enter 100) 

19 
Number
of cars

50

20 
Average
Speed
(Table 10 )

21 
Bolted
Rails
(Enter 4)
Welded
(Enter 1)

22 
Night-
time
(Table 5)

23 
No. of 
Trains
(Lines 2a 
and 2b)

24 
Adj. No.
of Opns. 

25 

DNL
(Workchart 4)

26 

Barrier
Attn.

27 

Partial
DNL

x x x x x = - =

x

x x x x x = - =

Railway No. 1

Railway No. 3

Railway No. 2 x x x x = - =

Partial DNL 
Railway No. 3

Partial DNL 
Railway No. 2

Partial DNL 
Total DNL for all Railways

Railway Noise
Computations and Findings

Noise Assessment Guidelines

x

Signed Date
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Chapter1 

Basic Overview of the 
Environmental Noise Problem 

Introduction 

Background 

Definition and Scope of the Noise 
Problem 

The air around us Is constantly filled 
with sounds, yet most of us would 
probably not say we are surrounded 
by noise. What then Is the difference 
between ordinary sound and what we 
call noise? The traditional definition 
of noise is thalli is "unwanted 
sound." Sound becomes unwanted 
when it either Interferes with our 
normal activities such as sleeping, 
conversation or recreation, when It 
causes actual physical harm such as 
hearing loss or has adverse effects on 
mental health. As we have become a 
more urbanized country and as 
technology has advanced, the level of 
sound In our environment has reached 
the point when it sometimes does 
cause Interference and does cause 
physical and psychological harm, and 
thus we have developed a noise 
problem. (See Figure 1 for a listing of 
common sounds.) 

The dimensions of the noise 
problem have grown larger and larger 
over the past few decades. In its 1979 
Annual Report, The Council on 
Environmental Quality stated that 
"nearly half the US population Is 
regularly exposed to levels of noise 
that interfere with ... normal activities" 
and about "1 in 10 ... are exposed to 
noises of duration and Intensity 
sufficient to cause a permanent 
reduction In their abil ity to hear." 

Figure 1 
Common Sounds 
llulc n-y: Common Sounds In Declbob 
ld8) 

Some common, easily recognized sounds are 
listed below In orde<of increasing soond 
lntenslly levels in decibels. The sound levels 
shown for occupied rooms are lyplcal general 
activity levels only and do not represent 
critefia fOf design. 

Examples 

Near jet engine 

Threshold of pain 

Tlveshold of feeling-hard 
rock band 

Aocel.,-atlng motorcycle at a few feet away 
(Note: 50 ft from moiO<cycle equals noise at 
about 2000 h from a 4-englne Jet aircraft.) 

Loud auto horn at 10 ft away 

Noisy urban street 

Noisy factory 

School cafel..-la w/untreated surtaces 

Stenogtaphlc room 

Neatlreeway auto traffic 

Average office 

Soft radio music In apartment 

Average residence without stereo playing 

Average whisper 

Rustle of leaves In wind 

Human llreathlng 

Tlveshold of audlbillly 

Range of speech 

•dB ate .. ~ .. vaJues as measured on the A­
seale of a soun<f.level meter 
(From C~t$ In Archlt.ctural Aooostics: M. 
lla'Ad Egan. MeG.., Hill, 197U 

1 

Decibels (dB)· 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Subject ivn 
Evaluations 

Deafening 

Very loud 

LOtJd 

Mode<ate 

Faint 

Very faint 
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The Dynamics of the Noise Problem 

There are basically two types of noise 
problems. There Is the specific, job 
related, occupational noise problem 
created by extremely loud machinery. 
Then there Is the community noise 
problem where the combined effect of 
many Individual noise sources 
creates an overall noise level that Is 
unacceptable. In the following pages 
we will be addressing the community 
noise problem only. 

The main contributors to a 
community noise problem are 
transportation sources such as 
highways, railroads and airports. 
These sources are the most pervasive 
and continuing of the noise souroes 
within the community. Of course, at 
any given site, there may be other 
noise sources which add to the 
problem, sources such as 
jackhammers at a construction site. 
But in general, and for the purposes of 
this section, the main concern Is with 
the transportation sources. 

The dynamics of a noise problem 
are based on the relationship between 
the noise source, the person or place 
exposed to the noise (hereafter called 
the receiver) and the path the noise 
will travel from source to receiver. 

The source generates a given 
amount of noise which travels along 
the path and arrives at the receiver. 
The amount of noise will be reduced 
to some extent as a result of how long 
that path is or whether there are any 
barriers along the path. The severity 
of the Impact on the receiver is a 
function of what type of activity Is 
taking place, whether It is indoors or 
outdoors, and what type of building It 
Is In If the activity Is Indoors. Figure 3 
contains some basic compatibility 
guidelines. 

The Impact of the noise can be 
altered or mitigated by changing the 
characteristics of any of the three 
elements: source, path or receiver. 
later on we wllitook at the various 
mitigation measures that are 
possible. Our concern however will be 
primarily with the receiver and the 
path. Control of the sources 
themselves Is the specific 
responsibility of agencies such as the 
Environmental Protection Agency 
(EPA) or the Federal Aviation 
Administration (FAA). 

0 0 

LAND USE CATEGORY 

'Ldn • NEF Votuo + 35 

D Cloa<1y 
Acceptable 

r;;;::;;;) NonnaJty 
l.t!lLilll Acceptable 

2 

• mill 

LAND USE INTERPRETATION 
FOR NEF VALUE' 

40 50 

65 75 
Ldn VALUES 

Normally 
Unacceptable 

Clearly 
Unacceptable 

677 of 900

677 of 900



The Ideal solullon to a potenllal 
problem Is to reduce the noise being 
produced by the source. The best 
solullon available to HUD, or the 
community, however,ls to mal<e sure 
that noise senslllve uses are located 
where they will not be exposed to high 
noise levels. The next best approach 
to mitigating noise Impact is to 
attempt to reduce the amount of 
noise that reaches the receiver. This 
can be accomplished through the use 
of barriers such as walls or earthen 
berms, or comblnallons of both, along 
the noise path. If the use of barriers Is 
not possible then the only alternative 
available Is to provide noise reduction 
measures In any structures 
associated with the activity so that at 
least the interior spaces are not 
exposed to high noise levels. This 
approach Is considered the least 
desirable be<:ause most of the land 
uses we are concerned about, such as 
residential, do have outdoor areas and 
acllvltles associated with them which 
would remain exposed to high noise 
levels. 

A Note on Descriptors 

A key factor in the growth of our 
ability to evaluate and reduce noise 
Impacts has been the development of 
better tools to measure and descr1be 
the noise levels generated by various 
sources. The development of better 
tools (called noise descriptors or 
metrics) has been particular1y 
Important for dealing with community 
noise problems. Many of the older 
descriptor systems could only be 
used for one or two sources such as 
cars and railroads, but not airplanes. 
Since the community noise problem 
very often includes noise from all 
these sources the tack of an adequate 
descriptor made It difficult to do an 
adequate evaluation. 

The most advanced descriptor 
currently in general use is the day 
night average sound level system, 
abbreviated as DNL and symboil~ed 
mathematically as l,n. The day night 
average sound level Is the 24 hour 
average sound level, expressed In 
decibels, obtained after the addition 
of a tO decibel penalty lor sound 
levels which occur at night between 
10 PM and 7 AM. This nighttime 
penalty Is based on the fact that many 
studies have shown that people are 
much more disturbed by noise at 
night than at any other time. This Is 
not unusual in that background noise 
Is often much less at night and also 
people tend to be doing very noise 
sensitive things at night, such as 
trying to steep. 

Another feature of the DNL system 
that Is very Important Is that It can be 
used to describe noise from all 
sources. Thus, using the DNL system, 
we can descr1be the total noise 
exposure at a site, something many 
other descriptor systems couldn't do. 

The DNL system has been adopted 
by the EPA, the Department of 
Defense (DOD) and HUD, and more 
recently by the FAA, specifically for 
describing environmental Impacts for 
airport actions. We expect that very 
soon It will be In almost universal use 
In the U.S. 

The main Issues Involved In any noise 
analysts can be summar1zed briefly. 

• How much noise Is a site exposed 
to 
• What types of activities are being 
affected and how severely 
• Is It reasonable to redesign the aile 
to relocate noise sensitive activities 
• And, If not, how much protection 
can be provided through various 
attenuation measures. 

Your approach to these Issues will 
be affected In many ways by the 
location of the project In question. 
Projects In suburban or rural areas 
can be approached differently 
because the available mitigation 
options are greater and often the 
noise exposure Itself Is not so severe. 
In urban situations, however, the 
nolsa exposure Is often more severe 
but at the same time the options for 
mitigation or resiling are more 
limited. In the urban setting Innovative 
design and the use of advanced 
attenuation measures becomes 
critical. Fortunately our experience 
has shown that good design and 
construction can relieve or 
substantially reduce major noise 
problems. 

3 

Legal Provisions 

General legislation and Background 

The Federsllegislatlon which 
addresses noise Issues Is somewhat 
different from other environmental 
legislation. The Clean Air Act, for 
example, required the Environmental 
Protection Agency to set up actual 
mandatory standards for air quality 
which were supposed to be met by all 
jurisdictions. EPA even has the 
author1ty to take punitive steps 
against cities which are not mal<ing 
"reasonab4e further progress" 
towards achieving these air quality 
goals. There Is no similar legislation 
that covers noise. The approach has 
been to tackle the noise problem at 
the source by controlling the amount 
of noise that can be emitted by the 
Individual airplane engine or the 
lndlvtdual jackhammer. Agencies like 
HUD or the Farmers Home 
Administration have developed 
regulations which are related to the 
overall community nolsa level, but 
they only affect their own programs 
and are not binding on local 
communities. The Veterans 
Administration program only relates 
to aircraft noise and also only affects 
its own programs. 

The major pieces of Federal 
legislation related to noise Include: 

The Noise Control Act of 
1972 directed EPA to promote an 
environment for all Americans free 
from noise that jeopardizes their 
health and welfare. It also Included a 
requirement for EPA to set a criterion 
for noise level adequate to protect 
health and welfare with an adequate 
margin of safety but without regard to 
cost or feasibility. 

Oulet Communities Act of 
1978 amended The Noise Control Act 
of 1972 to encourage noise control 
programs at the State and community 
level. 

Federal Aid Highway Act of 
1970 established the requirement 
that noise control be a part of the 
planning and design of all federally 
aided highways. 

Aviation Safety and Noise 
Abatement Act of 1878 requires FM 
to develop a single system tor 
measur1ng noise at airports and under 
certain conditions to prepare and 
publish noise maps. 
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HUD Regut.tlom 

While the Department of Hooslng and 
Urban Development has no specific 
responsibility to try to reduce the 
noise problem at the source the way 
the Environmental Protection Agency 
and the Federal Aviation 
Administration do, it does have the 
responsibility to be aware of the noise 
problem and Its Impact on the 
housing environment. The most basic 
mandate which drives the 
Department's Involvement with the 
noise Issue Is the Housing Act of 
1949 (Public Law 81-171)which sets 
forth the national goal of "a decent 
home and suitable living environment 
lor every Amerlcan family." This goal 
was affirmed by the Housing and 
Urban Development Act ol1968 
(Public Law 90-448). The Department 
was tasked by the Hooslng and Urban 
Development Act of 1965 (Public Law 
89-117) "to determine feasible 
methods of reducing the economic 
loss and hardships suffered by 
homeowners as a result of the 
depreciation In the value of their 
properties following the construction 
of airports In the vicinity of their 
homes." The Noise Control Act of 
1972, in addition to its specific 
tasking to EPA, tasked all Federal 
agencies to administer their programs 
In ways which reduce noise pollution. 
Finally, the Department Is tasked by 
Federal Management Circular 75-2: 
Competible Land Uses at Federal 
Airfields to make sure that Its actions 
do not promote Incompatible land 
uses around Federal airfields. 

All of these legislative and 
regulatory mandates combine to 
create a serious requirement tor the 
Department of Housing and Urban 
Development to be aware of the 
problem of noise and to take positive 
steps to protect residential and other 
sensitive land uses from high noise 
levels. 

The Department of Housing and 
Urban Development first Issued 
formal requirements related 
specifically to noise In 1971 (HUD 
Circular 1390.2). These requirements 
contaJned standards lor exterior 
noise levels along with policies tor 
approving HUD supported or assisted 
housing projects In high noise areas. 

In general the requirements 
established three zones: an 
acceptable zone where all projects 
could be approved, a normally 
unacceptable zone where mitigation 
measures woold be required and 
where each project woold have to be 
Individually evaluated for approval or 
denial, and an unacceptable zone In 
which projects would not, as a rule, be 
approved. 

In 1979, the Department Issued 
revised regulations (24 CFR Part 518) 
which kept the same basic standards 
bu1 adapted new descriptor systems 
which were considerably advanced 
over those In use under the old 
requirements. 

HUD's regulations also require that 
recipients of Community 
Development Block Grants (CDBG) 
and Urban Development Action 
Grants (UDAG) take Into 
consideration the noise criteria and 
standards In the environmental review 
process and consider ameliorative 
actions when noise sensitive land 
developments are proposed In noise 
exposed areas. II CDBG or UDAG 
activities are planned in a noisy area, 
and HUD assistance Is contemplated 
later for housing and/or other noise 
sensitive activities, the HUD 
standards must be met lor those 
activities. 

Project Analysis 

General 

While most of the analysis lor noise 
focuses on noise soorces located 
around the proJect site, there are 
some characteristics of the project 
Itself that yoo should know about. 
These characteristics will help yoo to 
determine what Is called the noise 
assessment location (NAL) lor site 
analysis. (The NAL Is a representative 
point (or points) on the site where 
significant noise exposure is 
expected. All distances, etc. are 
measured from the NAL). This 
Information will also be helpful tater 
In evaluating the potential for 
mitigating or reducing the Impact of 
noise. All of this data should be 
available from preliminary plans and 
specifications. II not, a quick phone 
calf to the developer/sponsor shoold 
get you all the Information you need. 

4 

Data Required 

• Location of outdoor noise sensitive 
uses relative to the noise source. 
• Location of buildings containing 
noise sensitive activities. 
• Location of other buildings, 
particularly ones which might serve to 
shield sensllfve buildings or areas 
from the noise source. 
• Design and construction features 
of buildings, particularly features 
such as use of central air conditioning 
which could provide noise reduction 
benefits by permitting windows to be 
kept closed. 

Analysis of Site and Environs 

General 

The primary locus of this impact 
analysis Is on noise sources and the 
primary Item to be determined Is the 
noise level created by those sources. 
In many instances, particular1ywith 
airports, data on the noise levels 
generated by the source will have 
already been prepared by another 
agency such as the airport operator, 
the local or State 
highway/transportation department or 
other similar agency. (Figure 4 shows 
typical airport noise contours.) In 
those cases no site or environs 
analysis Is necessary and one can 
proceed directly to Impact analysis. 
For those Instances where there are 
no current data already prepared, the 
Department of Housing and Urban 
Development has developed a 
handbook called the Noise 
Assessment Guidelines which 
contains a detailed desk top 
methodology for use by Individuals to 
determine noise impacts (see Chapter 
5).1ncluded In the handbook Is a 
complete listing of the data about the 
site and Its environs that are 
necessary to conduct an analysis. We 
don't want to repeat all the detailed 
requirements here, but the following 
are some of the types of Information 
you would have to collect if you were 
to do your own analysis. You might 
note that most of the Information Is 
related to the noise sources 
themselves. 

For the purpose of analysis, the 
Noise Assessment Guidelines require 
that you consider an military/civilian 
airports wlthin 15 miles at the project, 
all significant roads within 1000 teet 
and basically all railroads within 3000 
teet. 
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Types of Data Required 

• Number and type of vehicles 
• Operational data: 
-speed 
- daytime/nighttime split 
• Conditions where the vehicles are 
operated, I.e., freely flowing traffic 
versus stop and go, level versus hilly, 
welded railroad track versus bolted 
railroad track. 

The Noise Assessment Gvldel/nes 
contain guidance on sources tor this 
data. Most of them are obtained from 
the "operator" of the transportation 
source. The Guidelines also contains 
model figures which can be used 
when actual data is unavailable. For 
example, It the actual number of 
vehicles traveling at night is not 
available then the Guidelines state 
that a figure of 15'/o should be used. 
Thus Ills possible to make 
reasonably accurate noise level 
detennlnations even If some 
Information is not available. 

5 

Determination of Impact 

G-.1 

The specific PfOCedures for 
determining the noise exposure levels 
for a site are clearly spelled out in the 
Noise Assessment Guidelines. The 
process is a fairly simple one in which 
the noise level from each source 
affecting the site Is calculated and 
then combined to derive the overall 
exposure. If some kind of barrier 
exists or Is proposed, the noise levels 
can be adjusted to reflect the 
mitigation provided by the barrier. The 
overall noise level is then compared to 
HUD's standards and the apPfopriate 
action, es spelled out in the 
regulations. Is taken . 

... . .. . ~ .. -
• f . • ~-~~ 

.. 
. . -.. -.... -
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Eveluetlon of lmpect 

HUO Regulations set forth the 
fottowtng exterior noise standards for 
new housing construction assisted or 
supported by the Department: 

65 lcln or tess - Acceptable 

Exceeding 65 '-dn but not exceeding 
75 lcln - Normally 
Unacceptable -appropriate sound 
attenuation measures must be 
provided: 5 decibels attenuation 
above the attenuation provided by 
standard construction required In 65 
lcln to 70 lcln lone; 10 decibels 
additional attenuation In 70 lcln to 75 
lclnzone. 
Exceeding 75 4n- Unacceptable 

HUO's regulations do not contain 
standards for Interior noise levels. 
Rather a goal of .t5 decibels is set 
forth and the attenuation 
requirements are geared towards 
achieving that goal. It Is assumed that 
with standard construction any 
building will provide sufficient 
attenuation so that If the exterior level 
Is 65 lcln or less, the Interior level will 
be 45 lcln or less. 

Once you have determined the 
overall noise exposure for the site you 
compare It to the above standards. If 
the overall site exposure Is 65 lcln or 
less the project Is acceptable. If the 
exposure Is between 65 lcln and 75 
4n you should consider alternative 
locations or providing adequate 
attenuation wllh the first preference, 
as we've noted, being lor the 
construction of some kind of barrier 
to prevent noise from reaching the 
site. II providing adequate attenuation 
Is Impossible or Impractical then the 
project should be considered 
unacceptable. 

Suggested Mitigation 

Gener1l Contlderltlons 

As discussed briefly earlier, there are 
three basic approaches tor mitigating 
the high noise exposures. The first 
and best Is to relocate noise sensitive 
uses out ott he high noise area. The 
second Is to prevent noise from 
reaching the noise sensitive user 
through some sort of barrier. And the 
third, and least desirable approach, Is 
to provide attenuation tor at least the 
Interiors of any buildings located In 
the high noise areas. 

Specific c-ldnttona 

fleloeltlng NoiM Senlltlw UMS 

By far the most desirable mitigation 
approach Is to relocate noise 
sensitive uses out of the high noise 
area although. If the site Is large 
enough 11 may be possible to locate 
non-noise sensitive uses between the 
source and the sensitive use, for 
example a parking lot might be 
located between a road and a park 
(see Figure 5). The workcharts In the 
Noise Assessment Guidelines can be 
used In reverse to tell you exactly how 
far away from the noise source you 
need to be. 

Wheo sites are small, Y81)1 dense or 
when the source affec1s the entire 
site Ills Y8fY difficult to mitigate by 
changing the site plan. Then the nex1 
option must be considered: erec11ng 
some type of barrier between the 
source and the recelver. 

FigureS 
TheAudlblt 
LM>docopo 

In cluster -op<Mnt, open space can be 
ptacod nut tho hlg11way to rectuc. noise 
lrnpectA on ,..ldtnctl 
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Barriers are most effec1lve for at or 
below ground level sources. They 
have no effect on noise from aircraft 
overflights and are limited In practical 
application with elevated sources 
such as elevated trains. The key to the 
effectiveness of a barrier Is whether 
or notlt breaks the line of sight 
between the source and the receiver. 
If a barrier does not completely break 
the line of sight either because It Is 
not high enough, or not long enough 
then Its effectiveness Is greatly 
reduced. 

Barriers can be actual walls, 
earthen mounds (called berms) or 
even other buildings. The use of other 
non-noise sensitive buildings as 
barriers Is a particularly good 
approach In thalli need not add to the 
cost of the project and may not create 
the aesthetic problem a large wall 
might create (see Figure 6). 
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Placement of noise compatible land uses 
near highway In Planned Unit ~opnnent 

Flgure7 
The Audible 
Ulndac:ape 

Use or acoustical architectural design to 
reduce noise Impacts on more noise 
sensltiV<lllvlng spaces 

Bedroom Bedroom 

::: 
~~i 

UvlngRoom 

Den Kitchen 

t.:-:·:·:·.·.·!0:•,•:•.•.· 

:) Dining 11oom 

Highway 

7 

As pointed out earlier, the 
effectiveness of a barrier Is 
determined In large part by Its height 
and length. Some studies have shown 
that the effectiveness of a barrier can 
be reduced by as much as 50% If It 
Isn't long enough. Again, the Noise 
Assessment Guidelines contain 
procedures for determining the 
effectiveness of barriers. 

Incorporating Noise Attenuation 
Measures into the Building 

If neither relocation or barriers Is a 
reasonable noise attenuation option, 
the last resort is to Incorporate noise 
attenuation measures Into the 
buildings themselves. This is not 
considered the best solution because 
It leaves the outdoor areas, some of 
which may be for quiet recreation, 
exposed to high noise levels. But if 
development must take place and 
barriers are impossible, then the 
noise aflenuatlon measures should 
be employed In building design and 
construction. 

Without going into great technical 
detail, noise attenuation construction 
measures generally fall into four 
categories. 

(1) Reducing the total area of 
windows or other acoustically weaker 
building elements 

(2) Sealing oH "leaks" around 
windows, doors, vents. 

(3) Improving the actual sound 
attenuating properties of small 
building elements such as windows, 
doors, etc. 

(4) Improving the actual sound 
attenuating properties of major 
building elements such as roof and 
wall construction. 

In addition, noise attenuation In 
buildings can be provided by 
designing interior spaces so that 
"dead" spaces such as closets or 
corridors act as buffer zones (see 
Figure 7). And finally noise 
attenuation can be provided by 
reducing the need for open windows 
by providing air conditioning. 

Many of the steps that would be 
taken to provide noise attenuation 
also help conserve energy. Good 
weatherstripping around windows 
and doors Is one example. Another 
might be reducing window areas in 
walls if the noise source is to the 
north or weaL Because many of these 
measures serve two purposes, they 
should not necessarily be considered 
a burdensome requirement but rather 
just good design and construction. 
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lnformetlon Resoun:es 

Publbtlons 

HUD R~uletlon 24 CFR Part 51 
Subpart B- Nolse Abatement and 
Control. 

Noise Assessment Guidelines, 
HUD 1983, basic technical procedural 
resource. 

Aircraft Noise Impact, HUD 1972, a 
bit dated but good overview ot 
problem. 

The Audible Landscapa, DOT 
(FHWA) 1974, an excellent d.iscusson 
of mitigation measures Including land 
use planning and building design and 
construction. 

Information on Levels of 
Environmental Noise Requisite to 
Protect Public health and Welfare 
W1th en Adequate margin of Safety, 
EPA, 1974. The "levels document" 
that explains basis for EPA 
standards. 

Noise Berrier Design Handbook, 
Federal Highway Administration 
1976. Good discussion of barriers, 
technical but readable. 

Handbook of Noise Control, 2nd 
edition, 1979, McGraw Hill. A basic 
technical handbook covering all 
aspects of nolse for those who wish 
to go Into the subject further. 

Experts 

HUD environmental officers have 
been trained In the use ol the Noise 
Assessment Guidelmes and can help 
you work with them. Many architects 
are trained In acoustics and can help 
In development of nolse attenuation 
stral~les. 

Quiz 

Questions 

1. Why fa nolse considered 
" unwanted sound"? 
2. What Ia a community nolse 

problem? 
3. What are the three main 

contributors to a community noise 
problem? 
4. What are the three components ol 

a noise problem? 
5. What are two key characteristics 

of the day-night average sound level 
descriptor system? 
6. What are HUD's nolse standards? 
7. How do HUD's standards apply to 

CDBG recipients? 
8. What are the three general 

mitigation measures available to HUD 
and the community and in what order 
of preference? 
9. When are barriers effective and 

when are they not effective? 
10. Describe how the Noise 
Assessment Guidelines can be used 
to determine appropriate mitigation 
measures. 
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Chapter2 

The Noise Regulation 

Introduction 

The basic foundation I()( and 
structure of the HUO nolsa program Is 
set ou1ln the noise regulation, 24 CFR 
518. The regulation establishes the 
actual standards, assigns 
Implementation responslbUitles, 
describes review and approval 
procedures, and Identifies special 
situations which may warrant waivers 
of procedures or standards. 
Theref()(8, the key to your 
understanding and Implementation of 
the HUO noise progrem Is a clear 
understanding of the regulation. 

There is noway to escape the task 
of sitting down and simply reading the 
regulations, over and over untll you 
thoroughly understand them. We have 
hOwever done two things that will 
help you apply the regulations. First, 
for quick reference, we have prepared 
a list of the key sections In the 
regulation and secood we have 
prepared an annotated copy of the 
regulation. 

The list ol key sections was 
prepared to help you find the specific 
section you need lor a specific 
question or Issue. While the 
regulation Itself Is not really long, an 
index Is always useful. We cau1ion 
you, however, 11911lnst using the index 
to avoid leamlll!Q the regulations. Tho 
list was prepared for your 
convenience In applying the 
regulation onoe you have come to 
understand lt. 

We prepared the annotated 
regulation because, try as we might, It 
was Impossible to anticipate all the 
questions, lmplomenta11on problems 
and special situations that might 
arise and to address them In the 
regulation. So, now that we have had a 
few years' experience with the 
regulation, we have gathered together 
the Important q uesllons, notes, 
second thoughts etc. and prepared 
this annotated regulation. We hope It 
will give you further Insight Into what 
the regulation means when it is 
applied In the field. 

9 

Key Sections In Noise 
Regulation 

Section Subject 

51.101(a)(2) Application of Policy 
to Block Granta 

51.101(8)(3) Polley f()( New 
Construction 

51 .101(aX4) Polley for Existing 
Construction 

5t.101{aX5l Polley tor Modernlza· 
lion and 

5t.101(;®) 
Rehabilitation 
The Exter1()( Noise 
Goal 

51.101(aX9) The Interior Noise 
Goat 

51.102(a) Authority to Approve 

51.103(8) 
Projects 
Identification of ONL 
as The Noise 
Descriptor to be Used 

51.103(b) How to Measure Loud 
Impulsive Noises 

51 .18~fl The Noise Standards 
51.1 a Attenuation 

RequlrerMnis 
Discussed 

51.104(bKtl Special Approval and 
Environmental Review 
Requirements for the 
Normally 
Unacceptable Zone 

51.1 04{b)(2) Special Approval and 
Environmental Review 
Requirements f()( the 
Unaccefltable zone 

51.105(8) FlexlbU ty for Non· 
acoustic Benertts 
Provisions 

51.106(a) How to Tell If 
Existing Data on 
Noise Are Acceptable 

51.106(aX4l Specific Review and 
Approval Procedures 
For Airport Noise 
Contours 

51 .106(d) When Noise 
Measurements Ma'( 
be Used Instead o 
Calculated Levels 

51 .106(1) When to Give Credit 
lor Proposed Barriers 
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Federal Register I Vol. 44, No. 2351 
Thursday, July 12, 19791 
Rules and Regulations 40861 

Part 51-Environmental Criteria 
and Standards 

Subpart A-General Provisions 

Sec. 
§51.1 Purpose. 
§51.2 Authority. 
§51.3 Responsibilities. 
§51.4 Program coverage. 
§51.5 Coordination with environ­
mental clearance requirements. 
§51.6 [Reserved) 

Subpart B-Nolse Abatement and 
Control 
§51.100 Purpose and authority. 
§51.101 General policy. 
§51.102 Responsibilities. 
§51.103 Criteria and standards. 
§51.104 Special requirements. 
§51.105 Exceptions. 
§51.106 Implementation. 

Appendix to Subpart B 

Authority: Sec. 7(d). Department of 
HUD Act (42 U.S.C. 3535(d)}. 

Subpart B-Noise Abatement and 
Control 

§51.100 Purpose and authority. 
(a) Purpose. The Department of 

Housing and Urban Development 
finds that noise is a major source of 
environmental pollution which 
represents a threat to the serenity 
and quality of life in population 
centers and that noise exposure may 
be a cause of adverse physiological 
and psychological effects as well as 
economic losses. 

It Is the purpose of this Subpart 
to: 

(1) Call attention to the threat of 
noise pollution; 

(2) Encourage the control of noise 
at Its source in cooperation with 
other Federal departments and 
agencies; 

(3) Encourage land use patterns 
for housing and other noise sensitive 
urban needs that will provide a 
suitable separation between them 
and major noise sources; 

(4) Generally prohibit HUD support 
for new construction of noise 
sensitive uses on sites having 
unacceptable noise exposure; 

(5) Provide policy on the use of 
structural and other noise 
attenuation measures where needed; 
and 

This regulation replaces 
HUD Circular 1390.2, 
Noise Abatement and 
Control, 1971, which Is 
now cancelled, along 
with all instructions and 
clarifying memoranda 
pertaining to the 
circular. 

10 

(6) Provide policy to guide 
Implementation of various HUD 
programs. 

(b) Authority. Speci fic authorities 
for noise abatement and control are 
contained In: 

(1) The Noise Control Act of 1972 
(Pub. L 92-57 4) which directs Federal 
agencies to administer their programs 
In ways which reduce noise pollution. 

(2) The Quiet Communities Act of 
1978 (Pub. L 95-609) which amended 
Pub. L 92-574. 

(3) The General Services 
Administration. Federal Management 
Circular 75-2: Compatible Land Uses 
at Federal Airfields prescribes the 
Executive Branch's general policy 
with respect to achieving compatible 
land uses on either public or privately 
owned property at or In the vicinity of 
Federal airfields. 

(4) Section 1113 of the Housing 
and Urban Development Act of 1965 
(Pub. L 89- 117) directs the Secretary 
" ' • • to determine feasible methods 
of reducing the economic loss and 
hardships suffered by homeowners as 
a result of the depreciation in the 
value of their properties following the 
construction of airporis In the vlcnlty 
of their homes, Including a study of 
feasible methods oi Insulating such 
homes from the noise of aircraft." 

§51.101 G-ral policy. 
(a) It is HUD's general policy to 

provide minimum national standards 
applicable to HUD programs to 
protect citizens against excessive 
noise In their communities and places 
of residence. 

(1) Comprehensive planning assist· 
ance. HUD requires that grantees 
give adequate consideration to noise 
exposures and sources of noise as an 
integral part of the urban environment 
in HUD assisted comprehensive plan· 
ning, as follows: 

(i) Particular emphasis shall be 
placed on the importance of 
compatible land use planning In 
relation to airports, highways and 
other sources of high noise. 

Ql) Applicants shall take into 
consideration HUD environmental 
standards impacting the use of land 
as required In 24 CFR Part 600. 

(iii) Environmental studies, 
including noise assessments, are 
allowable costs. 

(2) Community Development Block 
Grants. Recipients of community 
development block grants under the 
Housing and Community 
Development Act of 1974 (Pub. L 
93-383). as amended by the Housing 
and Community Development Act of 
1977 (Pub. L 95-128), must take into 
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consideration the noise criteria and 
standards in the environmental review 
process and consider ameliorative 
actions when noise sensitive land 
development is proposed In noise 
exposed areas. Grant recipients shall 
address deviations from the stand· 
ards In their environmental reviews as 
required In 24 CFR Part 58. 

Where CDBG activities are planned 
In a noisy area, and HUD asslst.ance Is 
contemplated later for housing and/or 
othef noise sensitive actovftles,the 
CDBG grantee risll.s denial of the HUO 
assistance unless the HUO standards 
are met. Environmental atudles, 
Including noise assessments, are 
allowable costs. 

(3) HUD support for new 
oonscruclion. HUD assistance for the 
construction of new noise sensitive 
uses is prohibited generally for 
prOjects with Unacceptable noise 
exposures and Is dtscouraged for 
projects with Normally Unacceptable 
noise exposure. (Standards of accept· 
ablllty are contained In §St . 103(c)J 
This policy applies to all HUD 
programs providing assistance, 
subsidy or Insurance for housing, 
college housing, mobile home parks, 
nursing homes, hospitals, and all 
programs providing asslsta.nce or 
Insurance for land development, new 
communities. redevelopment or any 
othef provision of facilities and serv­
Ices which are directed to make land 
available for housing or noise 
sensitive development. The policy 
does not apply to research 
demonstration projects which do not 
result in new construction or 
reconstruction, flood Insurance, 
Interstate land sales registration, or 
any action or emergency assistance 
under disaster assistance programs 
which are provided to save lives, 
protect property, protect public health 
and safety, remove debris and 
wreckage, or assistance provided that 
has the effect of restoring facUlties 
substantially as they existed prior to 
the disaster. 

(4) HUD support for ex/sling 
construction. Noise exposure by 
Itself will not result In the denial of 
HUO support for the rasale and 
purchase of otherwise acceptable 
existing buildingS. However, 
environmental noise Is a marketability 
factor Which HUD wtu consider In 
determining the amount of insurance 
or other assistance that may be given. 

The old dellnltlon of 
major or substantial 
rehabilitation and 
modernization as being 
any project where cost Is 
75% or more of replace­
ment cost no longer 
applies. Now the criteria 
contained In Individual 
program guidance 
applies. 

Existing construction 
means units which are 
eilhef more than 1 year 
old or for which this Is 
the second or 
subsequent purchasef. 

11 

(S) HUD support ol morJemfutlon 
and rehabilitation. For modernization 
proJects located In all noise exposed 
areas, HUD shall encou~ noise 
atlenuation features In alterations. 
For major or substantial rehabilitation 
projects In the Normally 
Unacceptable and Unacceptable 
noise zones, HUD eotively shall seell 
to have project sponsora Incorporate 
noise attenuation features, given the 
extent of the rehabllltatlon being 
undertaken and the level ol exterior 
noise el(posure.ln Unacceptable 
noise zones, HUD shall strongly 
encourage conversion of noise­
exposed sites to land uses 
compatible with the high noise levels. 

(6) Research, guldancesnd 
publications. HUD shall maintain a 
continuing program designed to 
provide new knowledge of noise 
abatement and con trot to public and 
private bodies, to develop Improved 
methods for anticipating noise 
encroachment, to develop noise 
abatement measures through land 
use and building construction 
practices, and to foster better 
understanding of the consequences 
of noise. It shall be HUD's policy to 
Issue guidance documents 
periodically to assist HUO personnel 
In assigning an acceptability category 
10 projects in accordance With noise 
exposure standards, fn evaluating 
noise attenuation measures, and In 
~sing local agencies about noise 
abatement strategies. The guidance 
documents shall be updated 
periodically in accordance with 
advances in the state-of-the-art. 

(7) Construction equipment, 
building equipment and 
appliances. HUD shall encourage the 
use of quieter construction 
equipment and methods In population 
cenlers,the use of quieter equipment 
and appliances in buildings, and the 
use of appropriate noise abatement 
techniques In lhe design of 
residential structures with potential 
noise problems. 
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(8) Ertetfor no/511 flOIIIS. Ills a 
HUD goal that exterior noise levels do 
not exceed a day-night average sound 
level of 55 decibels. This level is 
recommended by the Environmental 
Protection Agency es a goal lor 
outdoors in residential areas. The 
levels ;ecommended by EPA are not 
standards and do not take Into 
account cost or feulbility. For the 
purposes of this regulation and to 
meet other program objectives, sites 
with a day-night average sound level 
ot 65 and below are acceptable end 
are allowable (see Standards In 
§51.1 03(c)). 

19) Interior noise f10111S. It Is a HUD 
goal that the interior auditory 
environment shall not exceed a day· 
night average sound level of 45 
decibels. Attenuation measures to 
meet these interior goals shall be 
employed where feasible. Emphasis 
shall be given to noise sensltlve 
Interior spaces suctl as bedrooms. 
Minimum attenuation requirements 
ara prescribed in §51.104{a). 

(Hl) Acoustical privacy In 
multifamily buildings. HUD shall 
require the use of building design and 
acoustical treatment to alford 
1couslical privacy In multifamily 
buildings pursuant to requirements of 
the Minimum Property Standards. 

§51.102 Respon•lblllt!H. 
(a) Authority to approve 

projects. (1) Decisions on proposed 
projects with aocaptable noise 
exposures shall be delegated to the 
program personnel within field 
offices, including projects where 
Increased noise levels are considered 
acceptable because of non-ec:oustlc 
benefits under §51. 105(~ Reid oHlce 
program personnel may also approve 
projects in normally unacceptable 
noise exposed areas where adequate 
sound attenuation Is provided and 
where the project doe8 not require an 
EnvironmentaJ Impact Statement 
under §S 1.104(b). 

(2) Other approvals In normally 
unacceptable nolse exposed areas 
require the concurrence of the 
Regional Administrator. 

(3) Requests lor approvals of 
projects or pori Ions of projects with 
unacceptable noise exposures shall 
be referred through the Regional 
Office to the Assistant Secretary lor 
Community Planning end 
Development for approval pursuant to 
§51.104{b). 

The Noise Control Act of 
1972 required EPA to 
"publish information on 
the levels of 
environmental 
noise ..• which •• .are 
requisite to protect the 
public health and welfare 
with en adequate margin 
ol safety." EPA has 
Interpreted this to mean 
that the levels should not 
reflect technical 
leaslbUlty or economic 
costs. "Health and 
welfare" Is defined as 
being "complete 
physical. mental end 
social welt-being and not 
merely the absence or 
disease and Infirmity." 
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(4) In cases where the Regional 
Administrator determines that an 
lmporlant precedent or Issue Is 
Involved, such cases shall be referred 
with recommendations to the 
Assistant Secretary for Communlty 
Planning and Development. 

(b) Surveillance of noise problem 
areas. Appropriate field stall shall 
maintain surveillance ol potential 
noise problem areas and advise local 
officials, developers, and planning 
groups of the unacceptablllty of sites 
because of noise exposure at the 
earliest possible time In the decision 
process. Every attempt shalt be made 
to Insure that applicants' site choices 
are consistent with the policy and 
standards oootalned herein. 

(c) Notice to applicants. At the 
earliest possible stage, HUD program 
admlnlslrators shall: 

(1) Determine the aultabllltyolthe 
acoustical environment of proposed 
prOjects; 

(2) Notify applicants or any adverse 
or questionable situations; and 

(3) Assure that prospective 
applicants are apprised oil he stand· 
ards contained herein so that future 
site choices will be consistent with 
these standards. 

(d) Technical assists~. Technical 
assistance In the measurement, 
estimation, interpretation. or 
prediction of noise exposure is 
available from the Office ol 
Community Planning and 
Oevetopmenl and I he Office of Polley 
Development and Research. Field 
olflce questions shall be forwarded 
through the Regional Otnce to the 
Assistant Secretary lor Communlty 
Planning and Development or his 
designee. 

(e) Interdepartmental 
coordination. Regional 
Administrators shall foster 
appropriate coordination between 
field offices and other departments 
and agencies, particularly the 
Environmental Prolectlon Agency, the 
Department of Tra.nspor1atlon, 
Department of Defense 
representatives, and the Veterans 
Administration. HUD staff shall utilize 
the acceptability standards In 
commenting on I he prospective 
Impacts of transpor1atlon facilities 
and other nolsegenerators In the 
Environmental Impact Statement 
review process. 
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§5 1.103 Criteria Md ltancllrdl. 
These standards 1fJP1Y to ell 

programs as lndlcat41d ln§6t. t0t. 
(a) Measure of exttmll nolae 

environments. The magnitude of the 
external noise environment at a site is 
determined by the value of the day· 
night average sound level produced 
as the result of the ~~eeumulatlon of 
noise from all sources contributing to 
the external noise envoronmentat the 
slle. Day-rvght-.geiOUnd IIM!I, 
Mlbreviated as DNL lnd lymboliled 
as l<lft,ls the 24-hour a-.ge sound 
level, in decibels, obtaln41d alter 
addition oliO decibels to aound 
levels In the nlghl from 10 p.m. lo 7 
a.m. Mathematical expressions for 
average sound level and day.nlght 
average sound level are stated in the 
Appendix. 

(b) Loud ImpulSive sounds On an 
lntenm basis, when lOud lmpulsi-..e 
sounds, such as explosiOnS or sonic 
booms. are expenenced at a Site, the 
day-night a-..erage sound'-! 
produced by the lOud Impulsive 
sounds alone shall have 8 decibels 
added to it In assessing the 
acceptability of tho site (see 
Appendix). Alternatively, tho C· 
weighted day·nlght averiiQe sound 
level (lCdn) may bO us41d without the 8 
docibel ~•liOn, ., lnd•cattd in 
Section 51 . t06(a)(3)_ 

Site Acceptability Standards 

Methoda f01 easessing the 
contribution of lOud Impulsive aound8 
to day-night a...age sound level at a 
aile and mathematical expressions 
f()( determining whether a sound Is 
classed as ''I oud Impulsive" are 
provldod In tho Appendix. 

(c) Exterlorstandards. The dogree 
of acoeplablllty of the noise 
environment at a site is de1ennlned by 
the sound levefs external to bolldtngs 
or OCher f.clhtles containing noose 
sensotove ~.The standards shaU 
USUIIIIy apply at a location 2 mettn 
(6.5 feet) from the bollcfmg housing 
noise aensltl~~t acllvtlles In the 
direction of 1 he predominant noise 
source. Where the building location ts 
undetormlnod, the standards shall 
apply 2 metefs (6.5 feet) trom the 
building tel back line nearest to the 
predominant noise source. The 
standards shall also apply at other 
locatiOnS where itls dete:rrnoned that 
quiet outdoOII!*)els requlnad In an 
area encUiaty to the principal use on 
the site 

The noise environment Inside a 
building Is considered acoeptablo If 
(a) the noise environment external to 
the building complies with these 
standards, and (b) the building Is 
construct41d In a manner common to 
the ar81 ()(,If ol unconvnon 
constructiOn, haa at least the 
equivalent noose attenuation 
Charactenst1ca 

Day·nighl average sound 
level On declbOIS) Special 

approvals and 
requirements 

Acceptable Not exceedong M d8(1)_None 
Normally Unacceptable __ Above M dB but not 

exceeding 75 dB _ Special 
Appfovals (2) 
Environmental 
Review (3) 
Attenuation (4) 

Unacceptable Above 75 dB _ Special 
Approvals (2) 
Environmental 
Review (3) 
Attenuation (5) 

Notes.-(1)Acceptable threshold may be shifted to 10 dB in special 
circumstances puriiNIIIl to Section 51.105(1) 

(2) See Section 51104(b) lor requirements 
(3) See Section 51.104(b) f()( requirements 
(4) 5 dB addltlonel attenuation required for sites above 65 dB but not 

exceeding 70 dB ond 10 dB additional attenuation riKlJulred lor sites above 70 
dB but not exceeding 75 dB. (See Section 511~a).) 

(5) Attenuation measures to be submllted to the Assistant Secretary f()( 
CPO for approval on a ~<ase basis 

13 

This is because the 
reverberation effect of 
aound waves hitting the 
wall will increase the 
noise levels at the silo. 
You won't plck this up 
unless you back off from 
the wall to measure. 
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Berms and barriers are 
our first choice because 
they pfO'ifde protection 
lor yards, playgrounds, 
etc. Since outdo()( 
actiVity Is often 111JtY 
imponant to residents 
we want to protect the 
outdoor areas as much 
as possible. 

By deliniiiOI'I a bwrier 
must be separate from 
the building or area II Is 
pfO'ifding attenuation 
tor After all barriers are 
preferred because they 
Improve extenor as well 
as lnterfw levels. Non­
noise sensitive buildings 
can, however, be used 
as barriers tor noise 
eenslllve buildings or 
e~tenor areas. 

§51 .104 Spacial ~rementL 
(aJ Nolu anenuarlon. Noise 

attenuation tneasurN are those 
required In addition to attenuation 
provided by buildings as commonty 
constructed In the area, and 
requiring open windows tor 
~~entil,.lon. Measures that reduce 
external noise at a aile shall be US«! 
whera...r practicable In preference to 
the lncorparatlon ol 8ddltlonal noise 
allenuatlon In buildings. Bulldlng 
designs and constfiiCUon techniques 
that provide more noise attenuation 
than typlc:aJ construction may be 
employed also to "-' the noise 
attenuation requirements. 

(1) Normally Una~table no/sa 
laM Approvals In this zone require 
a minimum of 5 decibels additional 
sound attenuation lor buildings 
t-~ng I'IOI~Jtr~e US8I If the 
day-night -rage sound level is 
greater than 65 decibels but does 
not exceed 70 decibels, or a 
minimum of 10 decibels ol 
additional aound attenuation If the 
day-night 8'1trlge SOUnd 1-1 Is 
gre~uer than 70 decibels but does 
not a~ceoo 75 decibels. 

(2) Unaccapllble noise 
laM Noise attenuation measures 
require the approval or the Assistant 
Seaetaty tor CommunJty Planning 
and De.elopment (See §51 104{b)(2).) 

(b) Spec/1/ Approvals and 
Enwronmental Review 
ReQuirements EIMronmtntal 
clearances shall be conducted 
pursuant to the requirements of 
HUD'I Depart~tal Polldea, 
Responstbohttes and Procedures for 
Protection and Enhancement of 
Environmental Ouallty (38 FR 19182 
as amended) or other environmental 
regulations which may be Issued by 
the Depa,ment The Special 
Clearance and En'i1ronmentat Impact 
Statement (EIS) threshold 
requirements are hereby modllled for 
all prOjects propos«~ In the Normally 
unacceptable and Unacceptable 
noise oxposure zones as follows: 

(I) Normally UMccaptable norse 
laM ~~ All proJects located In !he 
NormaJty Unacceptable Noise Zooe 
requtre a Special EnvlronmentaJ 
Cleatlnce except an EIS Is required 
tor a prOposed project located In a 
largety undeveloped area. or where 
the HUD actoon Ia hkely to encourage 
the establishment ol Incompatible 
land useln this noise zone. 

Assumption Is thlt 
Standard construc11on 
provtdel an a-.ge of 
20 ~n attenuetton. At 65 
~ or below thla 
amount or attenuation 
would be aufflclent to 
meet Interior ,_. of 45 
Lctn. Additional 
requirements are 
deslgntcl to meet this 
gee~ - when exterior 
noise ,_,, are higher. 

Substitute 
Elwlronmentat 
Assess~t (with ECO 
concurrence) wher_, 
you see Spacial 
0-.nce 
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~I) When an EIS Is required, the 
concurrence of the Regional 
Administrator Is also required before 
e project can be~ For the 
purposes of this ~.en aree 
WUI be CXIOSidenld IS largely 
u~loped unless the erea within a 
2-mlle rw!ius of the project boundlry 
Is lllOflthan SO percent deYeloped for 
ulban uses end infrastructure 
(pettlcullrty water end sewers) Is 
evallable and has capacity to serve 
the project. 

~II) All other prolects In the 
N0<m1Jiy Unecceptable zone require e 
Specie! Environmental Clearance, 
except where an EIS Is required for 
other reesona pursuant to HUO 
envlronmentel policies. 

12) U~t~fiOis. ZOM. An 
EIS Is required prior to the approval of 
projectl with unacceptable noise 
exposure. Protects In or partially In an 
Unecceptlble Noise Zone shall be 
lubnvtlld through the Reglonel 
Administrator to the Assistant 
Secretary for Community Planning 
and Oewlopment for approval. The 
Assistant Secretary may waive the 
EIS requirement In cases where noise 
Is I he only environmental Issue and 
no outdoof sensitive activity will take 
piece on the site. In such cases, a 
Special Environmental Clearance Is 
required 

§51.1 OS Exceptions. 
ll) Flexibility for ~cous/lc 

b«MMits WileR Ills detarmlnect that 
program obJectives cannot be 
IICIMeved on sites meeting the 
acceptlblllty llandard ol65 decibels, 
the Accaptable Zone may be shifted 
tot.., 70 one caseqo~ basis 11 all 
the following conditions are satisfied: 

(1) The project does not require an 
Environmental Impact Statement 
under provisions ol section 104(bX1) 
and nolae Is tho only environmental 
Issue. 

(2) The project has received a 
Special Environmental Clearanoe and 
has rtc~Mved the concurrence ol the 
Environmental Clearance Officer. 

(3) The project meels other 
PI 001 .m goals to pro'l!de hous•ng In 
proximity to employment, public 
18dhtles and transportation 

(4) The project Is In conformance 
wtth local goals and maintains the 
character of the neighborhood. 

f') The project sponsor has set 
forth reasons,IIOCeptable to HUO, as 
to why tha noise attenuation 
measuree that would normally be 
required lor new construction In the 
t.., 65 tot.., 70 zone cannot be met. 

When the area In 
question Is In a small 
community outside an 
SMSAandthe 
IPPIIcellon of the 2 mile 
radius rule would be 
unreasoneble, an area 
oen be considered largely 
developed lilt Is 
contiguous to existing 
development and 
lnlrutructure ls available 
and hal capeclty to serve 
the project. The Assistant 
Sectetatywill revieW 
them on a case-by-case 
besis In all other cases 
the 2 mile radiusfSO% 
rule Still applies. 

Caution-every effort 
should be made to get 
official 
contours-particularly 
lor military Installations 
and large air carrier 
alrpons rather than trying 
to use the NOise 
Anessment GutdeiiMs 

What thla really mNIIS Is 
that the 5db attenuation 
requirement lorthe65-70 
t.., zon. Is wal¥ed 
Primarily Intended lor 
urban areas where 
alternative sites are not 
available. Note I hat 111 
oondlllons muet be met. 

(61 Other altee Which are not 
IXIlOMd to noise above t.., 65 and 
which meet program objectives are 
generally not available 

The above factors shalt be 
~led and made pan of the 
project file. 

§51.1081~·t•11on 
(a) Use of available dlta, HUO field 

ataff shall make maximum use of 
noise data prepared by others when 
euch data are detennlned to be 
current and adequately proJected Into 
the future end aretn terms of the 
fOllowing: 

(1) S/let In lhevlc/nltyol 
''f'POft'- The noise environment 
around alrpons Ia described 
sometln>e~ln terms of Noise 
Expoeure Forecasts, abtweviated" 
NEF or.ln the State ol Calllomla," 
Cornmufllty Noise Equivalent level 
abbreviated as CNEL The noise ' 
environment for slles In the Ylclnlty or 
alrpona lor which day-flight average 
tound IM! data are not avalllble may 
be evaluated from NEF or CNEL 
analyses using I he following 
conversions to ONL: 
ONL•NEF+35 
ONL .. CNEL 

(2) Sires In the vrclnlty of 
highways Hlghwey projects 
receiving Federal lid are subfec1 to 
noisa analyses under the procedures 
of the Fedetal H.ghway 
Admlnlatrstton. 

Where sucn analyses we available 
they may be used to assess sites 
tubtect to the reqUirements of this 
lllndard The Federal Highway 
Admlnlstrellon employs two alternate 
tound level descriptors: {a) The A· 
weighted sound level not exoeeded 
lll0f8then 10 percent of the time tor 
the highway design hour traffic now, 
symbolized aa L..; or (b) the equivalent 
sound level lor the design hour, 
aymbollzed as t.q The day-night 
~sound~ may be estimated 
from the design hour t.,. or~ values 

-------- by the IOifooMng relationships, 
provided heavy trucks do not exceed 
10 percent of the total traffic flow In 
vehlctea per 24 hours and the trafflc 
flow betWMn 10 p.m. end 7 am. doea 

These requirements are 
very important Be carefUl 
with design hour values 

15 

not exceed 15 percent ot the a.wage 
dally traffic flow In vehicles per 24 
houri · 
ONL .. L,., (design hour)-3 decibels 
DNL .. L.. (design hour) decibels 

Where the auiollruck mix and trme 
ot day relationships as stated In this 
S.Ctlon do not exlst,the HUD NOise 
Assessment Guidelines or other 
noise analysis shall be used. 
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(3) Sll11s in the vicinity of 
lnstalltltlons prodUCing loud 
Impulsive sounds. Certain 
Department of Defense Installations 
produce loud Impulsive sounds from 
artillety firing and bombing practice 
ranges. Noise analyses for these 
facilities sOmetimes encompass sites 
that may be subject to the 
requirements of this standard. Where 
such analyses are available they may 
be used on an Interim basis to 
establish the ac<:eplabillty of sites 
under this standard 

The Department of Defense uses 
day-night average sound level based 
on C-welghted sound level, 
symbolized lcdn. for the analysis of 
loud lmpul~lve sounds. Where such 
analyses are provided, the 8 decibel 
addition specified In 51.103(b),ls not 
required, and the same numerical 
values of day-night average SOUnd 
level used on an Interim basis to 
determine site suitability lor llOf\o 

Impulsive sounds apply to the lcdn· 
(4) Use of areawide acoustical 

data HUO encourages the 
preparation and use of areawide 
acoustical Information, such as noise 
contours for airports. Where such 
new or revised contours become 
available for airports (civil or mllltal)) 
and military Installations they shall 
first be referred to tho Regional Office 
(Environmental Clearance Office<) fOf 
review evaluation and decision on 
appropriateness for use by HUO. The 
Regional Office shall submit revised 
contours to the Assistant Secretary of 
COfnmunlty Planning and 
Development for review, evaluation 
and declson whenever the area 
affected Ia changed by 20 percent Of 
mOfe or whenever It Is determined 
that the new contours will have a 
significant effect on HUD programs, 
or whenever the contours are not 
provided in a methodology ecceptable 
under§51.106(a)(t) orin other cases 
where the Regional Office determines 
that Headquarters review Is 
warranted. For other areawide 
acoustical data, review Is required 
only where existing areawide data are 
belng utiliZed and where such data 
have been changed to reflect changes 
in the measurement methodology or 
underlying noise source assumptions. 

Contours roc future noise 
levels based on new 
construction, mission 
changes etc. which 
become available as part 
of the EnVironmental 
Impact Statement 
process shall not be used 
until the NEPA process Is 
COfnplete and a decision 
on the proposed action is 
made. 

When new or revised 
contours are approved, 
mak.e sure all Interested 
people In local area are 
informed that HUO will 
be using different 
contours. Make a special 
elton to lnfonn the most 
active developers In area 
or developers who have 
wonced with HUD before. 

ReQuests focdetermlnatlonon usage 
of new or reviSed areawide data shall 
Include the following: 

Q) Maps allowing old, If applicable, 
and new noise contours, along with 
brief descrlpllon of data source and 
methodology. 

(II) Impact on exisllng and 
prospective urbanized areas and on 
development actlvfly. 

(ill) Impact on HUQ.assisted 
projects currently In processing. 

(i'l) Impact on future HUO program 
acllvlly. Where a lleld office has 
determined that Immediate approval 
of new areawide data Is necessary 
and warranted In limited geographic 
areas, the request for approval should 
state the circumstances warranllng 
such approval. Actions on PtOPOSed 
projects shall not be undertaken while 
new areawide noise data are being 
considered for HUO use except where 
the prOposed location ts affected In 
the same manner under both the old 
and new noise data. 

(b) Site assessments. Compliance 
with the standards contained In 
§51.103(c} shall, where necessary, be 
determined using noise assessment 
guidelines, handbooks, technical 
documents and procedures issued by 
tha Department. 

(c) Variations m $//e noise 
levels. In many Instances the noise 
environment wilt vary across a site, 
with portions or the slle being In an 
Acceptable noise environment and 
other portions In a Normally 
Unacceptable noise enVironment. The 
standards In §51.103{c) aha!J apply to 
the portions of a building or buildings 
used lor residential purposes and for 
ancillary noise sensitive Open spaces. 

(d) Noise measurements. Where 
noise assessments result In a finding 
thatthe site is borderilne or . 
questionable, Of Is controverstal, 
noise measurements may be 
pertormed. Where it Is determined 
that noise measurements are 

- --------required, such measurements will be 
conducted In accordance with 
methods arld measurement criteria 
established by the Department. 
t.ocatlons foc noise measurements 
will depend on the locallon of noise 
senslllve uses that are nearest to the 
predominant noise source (see 

This ts also required for 
noise studies for devel· 
opera by consultants, 
whether to provide 
original data, or to 
contest existing data ore 
HUO analysis It Is 
particulariy important to 
make sure the same 
traffic, vehicle or 
operational data were 
used for each study, 
when one study is being 
contested. 

16 
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(e) P!O{ectlons ol nols. exposure 
tn addition to assess I no existing 
expoeure, future condlllons should be 
prc~tected To the extent possible, 
noise expoeure shall be PfOiecled to 
be repfesentatlve of conditions thai 
are expocted to exist at a lime at least 
10 yeara beYOIId the date of the 
prosect pr ectlon under review. 

(f) Reduction ol site noise by use of 
berm• en<Jior barrlet'$ IIIIIs detf!f· 
mined by adequate analysis that a 
berm and/or barrier will reduce noise 
at a hO<Jslng ell e. and If the barrier Is 

---------exlstlno pr there areo assurances that 
it will blln pi-pri« to occupancy, 
the enwonmental noise aMJysis fpr 
the site mey reflect the beneflls 
alfprded by the berm and/or barrier. 

This provision should be 
used with caution. Very 
clear and strong assur· 
ances that berms pr 
bamers will be con­
struCted should be 
obtamed In writing belpre 
approval. 

Again also note that by 
dellnltlon a barrier must 
be phySically separate 
trom the building or area 
It Is providing attenuation 
for. 

The Noise Assessment 
Guidelines contain 
procedures for Mluallno 
barrier effectiveness 

In the enwonmeotal review 
process under §51. 104(b~ the locahon 
hetght and O.Sogn of the berm andlor 
bamllf shall be evaluated to deter· 
mine lte etlectl-s, and impact on 
design and aesthetic quality, 
circulation and othef environmeontal 
factpra 

AppendiX lo Subpar18-deflnltlon of 
IIOOUSIIcalquantltlet 

1. Sound Level. The quantity In 
decibelS measured with an 
instrument satislylno requlremeonts of 
AmeriCan National Standatd 
Specification fpr Type 1 Sound Level 
Met eraS 1 4-1971 Fast tlme­
averaglno and A-frequency weigh Uno 
are to be used, unless others are 
specified The sound leYel meter with 
the A -ghhno Is prograssJolely leas 
sensitive to sounds ol frequency 
below t ,OCXJ hertz (cycles Pf!f second), 
somewhat as Is the ear. Wlth fast time 
averaglno the sound level meter 
responds pertlculat1y to recent 
sounds almost as qulcltty as does the 
ear In ludOino the loudness of a 
sound. 

(2) Average Sound Level. Average 
sound level, In decibels, Is the kM!I of 
the rnean-tquare A"Nelghted sound 
pressure durino the stated time 
period. with reference to the square of 
the standard reference sound 
pressure of 20 mlctopascals. 

When proJections fpr 
airpprts are basad on new 
construction or similar 
actions the likelihood 
that such major acllon 
will actually take place 
shO<Jid be carefully 
evaluated This Is 
particularly Important If 
local funding Ia required 
Checlt to eae If Initial 
actions such as land 
pun:llasM. bonds etc. 
been taken If projections 
are just basad on 
expanded traffic IIM!Is 
make sure they are 
reasonable lor the area. 
Projections lpr smaller 
communities are often 
()118(1y oPtimistic. 

l 1 ( /0700 10 IL. (I)+ 10Y10 dt 
L,. = tO log10 86400 j()(1:Xl 

2200 /, 2400 ) l 
/, 

L (t)l10 10 IL.<Il + 10Y10 dt + 10 • dt + 
0700 2200 
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Time t Is In seconds, so the limite 
shown In hours and minutes are 
ectually Interpreted In seconds. L,.(t) 
Is the time 1131Ying value of A­
weighted sound level, tho quantity In 
decibels measured by en Instrument 
satisfying requirements of American 
National Standard Specification for 
Type 1 Sound Level Meters 
S1.4-1971. 

3. Loud Impulsive Sounds. When 
loud Impulsive sounds such as sonic 
booms or explosions are anticipated 
oonlrlbutors to tho noise environment 
at a slte,the contribution to day-night 
average sound level produced by the 
loud Impulsive sounds &hall have 8 
decibels added to II In assessing the 
acceptability of a site. 

A loud Impulsive sound Is defined 
tor the purpose of this regulation as 
one tor which: 

(1) The sound Is definable as a 
discrete event wherein the sound level 
Increases to a maximum and then 
decreases In a total lime Interval of 
approximately one second or less to 
the ambient background level that 
exists without the sound; and 

Oil The maximum sound level 
(obtained with slow averaging lime 
and A-weighting of a Type 1 sound 
level meter whose charectenstics 
comply with ANSI S 1.4-1971) exceeds 
the sound level prior to the onset of 
the event by atleast6 decibels; and 

(Ill) The maximum sound level 
obtained with fast averaging time of a 
sound ll!'lel meter exceeds the 
maximum value obtained with slow 
averaging lime by at least 4 decibels. 

Issued at Washington, D.C., on July 
5, 1979. 
Patricia Roberts Harris, 
SecreiBfY ollfousing and UrtJan 
Development 
[FR Doc. 79-21481 Filed 7-11-79,8:45 
am] 
BlUING CODE 4210-01-11 

Quiz on the Noise Regulations 

Questions 

1. Whalls the HUO policy on 
support for existing constructon In 
high noise areas? 
2. What Ia the detlnltton o1 "major or 

substantial rehabilltatlon"? 
3. What is HUD's Interior noise 

goal? 
4. What project approval authority 

does the Fleld Office have? 
5. Who approves projects In the 

Unacceptable Zone? 
6. What noise descriptor Is used to 

express noise levels In tho 
regulation? 

7. How are loud Impulsive sounds to 
be evaluated? 
8. At what point on a building's 

exterior are sound levets to be 
determined? 
9. What Is the baste assumption 

behind the attenuation levels 
required? 
10. What type of attenuation 
measutes are preferred? 
11. When should building attenuation 
measures be considered? 
12. When are EtS's required? 
13. When Is an area ooosldered 
"largely undeveloped"? 
14. What Is " Flexibility tor Non­
Acoustic Benefits"? 
15. Six conditions are listed tor 
waiving the attenuation requirement 
under the FlexlbllltyfO€ Non-Acoustic 
Benefits provision, how many must be 
met for the waiver to be granted? 
16. Who has the authorlty to grant the 
attenuation requirements waiver 
under the ''llexlblllty" provision? 
17. What nolsedescrtptorsotherthan 
ONL are acceptable for alrc:taft noise 
contours? 
18. Who normally apl)(oves areawide 
nolse data such as airport noise 
contours? 
19. If a site Is partially In the 
Unacceptable Zone and partially In 
the Normally Unacceptable Zone, 
wllldi review and approval procedures 
apply? 
20. When should noise 
measurements be used In lieu of 
areawide data or Noise Assessment 
Guidellnt!!i calculations? 

Quiz on the Noise R~ulatlons 

Answllfa 

((p)9Qt 'tSU0!1~ "II!IS.t9AOJIUOO 
Sf BlfS ell I U94NI J0 'llfQI!Id8:>:>eUn 

pue 9JQI!fd9:>0V U99Mieq IIUI~Sj)JOQ 
1141 UO Sf BI!S 11\111841 591110[pul 

1uawssasse esrou 9\ll 00\lNI-<tuo ·oo 
((Z)(Q);()ns 

uon:lliSI ·.<fdde auo;z OIQ1!1da:>:>eun 
941 Ul Sloa!oJd JOJ sa.mpa:x>Jd 

fliAOJdde pua NIBJAGJ 9((1 '6t 
((~Xel9ons 

UO!l:>IIS) '901110 18\IOflletJ &IU '81 
<<txel9ons 

UO!l:>a$) 13N:> pue .:13N 'H 
((e)<:On9 UOIIOOSl '90JJIO PIIIU a((l '9t 

((e)So t • t 9 uonoasl 
'19W eq t&nW SUOilfP\100 XjS lfV 'S t 

(&IOU fl!Uti!Jew 
pue (1!)9QI'tS UO!I:>aoS) 'peAJI!Meq 01 

auoz "P-i Ol•99 9\il JOj SIU9W8JJnbeJ 
uonenu9llll 11111 SNIOife I.PJ4NI 

SUOf18fnflaJ 841 Uf UOfGfi\O.Id V -~ t 

18 

((ti)(IXqiPons 
UO!IoesJ'I:lefOJd 1141 9N89 01 liiQI!fii!AII 

pue 9QIItd UjiOU Sj eJnl:>n.IISIUJU! 
pue sesn ueq.m .101 pedofat.ep 

'/oa!i Ul!\IISS&f SII:>8!0Jd elll jO SRfpeJ 
811W ~ e U1411"' eaJe 941 ue4M ·c1 

((Q}t,Ot '19 uou:>eS) 
·auoz &fCI1!1doo:>eun 

hlf1!WJON 941 Ul Sll:lllfcud 941 pw 
1!8/e pedo1e.wpun .<ta0JIIt II U) peJe:x>l 

Sfl:>efoJd 41111 .10 auoz atQIIJda:.:>eun 
elll Ul p8111:>01 8fl:le[OJd ell I Ue4M 'U 

((elPol' IS U01108sl'S&AIIIIUJ91ill 
fiiOfiOIIJd IOU 9JII U015apeJ 

8118.10 SJiillJI!q pu8 SIWeq 11!\ll 
P9UfWJai8P uaaq $1!\1 II J91j8 AIUQ ·u 

((e);oL ' IS) 'Sf8AGf asrou 
.IOJJ81xt e:>npeJ 11=>14111 saJnSI!Iif'l '01 

(910\J f8Ut0Jew (elPOI' IS U01f08S) 
'"P-i Sir JO teoO JOfJiiiUf 94111Al1!4:>e 

01 ~ UO!l:lf\.IISUO:> 11/ePUII!S 
.IQ papfAOJd 11!\11 J9lo.O IUfWiiJ:>U! 9\ll 

st peJfnbaJ uonenu9ne reuomppe 841 
'UOfl:mljSUOO PJIIPUI!jS 411"' 19W aq 

PIOONI "P-i Sir jO ti!06 .10~91Uf &ljll!llJII 
JeNIOi .10 "P-t 9911 ut sn((l ·uonenuaue 

QPOl: II\OQ1!8PtAOJd sa:>ti:>I!Jd 
UOII:>n.IISUOO 1ua.un:> li!IU '6 

((:>)rot ' LS uouoes) 
'a:>JnOs 9Sf0U IUI!UJWOpaJd 941 

SPJIIMOI 6UfAOW 'JO!J1liX9 !!UtPIInQ 941 
WOJj Al!NIII (1981 S'9) 8J819W ONI! ·g 

((Q)a)l LS U0!109S) 
·sr se pasn eq 1111:> ("P:>-J) 

Wlljs.(C [!Mal punoc 001UOAI! l\l6!U 
.(ep pe140j8NI :> 941 'A19Ajll!UJill!V • 

·.-IJteuad JaqJ:>ap 
8 e ppe 'pemseaw .10 p&letn:>tllO 
uaaq CIA8\I Sf81><1f1NO Utetd II • 

:s.(eNI OM! ' l 
((~t)rong UO!l:>aSl 11Nal wa1s.<s 

fGAal punos aOeJaAe l41ltu .<ep 94! ·g 
((Q)t,on S pue (f;)(v)~O t . , s uo!loas) 

"IU9wdot8Aa(] 
ptJII l5u!UU1!fd AlfUnWUJO:> 

JOjNetiiJ:>;IS IUe)SjSSV 81ti ·g 
((tXe)ZOI tSUOfi:JaS) 
PBJtnbaJ Si Sl3 ou • 

papfAOJd 
S! uonenueue punos acenbape • 

11!\11 papfAOJCI euoz 
llfQIIIdeo:>e~.~n .(lfewJON Uf Sl:la!QJd 

O'Ofl! !auoz 91QIIId90:>V Uf SIOOfOJd 'lr 
((S)(e)IOI'IS uou:>esl "P-i St> ·c 

(&IOU [1!Uj6Jew (S)(II)IOI'IS) 'UOJIJUJI9P 
&fllutS OU Sf 9J81U 'a:!Uepln0 WIIJtloJd 
fi!OJ)IA)puf Uf 1)9Uij8p Sf .UO)IIII!f1Q1!\18J 

renue1sqns .10 JOfef'l., ·;: 
((t)(ll)l 01't9 UO!f:>aS) 'Sf!UJPI!OQ 
6UifSfK9jO 9Sett:>Jnd pue 9j11SaJ 

JOj IJ(>ddns 6UjAUap JOj Sf SeQ 9lll aq 
'jf8Slj.IQ 'IOU U909JnsodXa IKlfON 'I 

693 of 900

693 of 900



Chapter3 

Major Polley and 
Implementation Questions 
Related to the Noise 
Regulation 

As regulations are applied In the field, 
It Is Inevitable that questions will 
arise. ills, after all, very difficult to 
anticipate every situation when 
preparing a regulation. Sometimes 
tha questions relate to specific and 
unlqua situations of limited interest 
to anyone but the office involved. 
Other questions, however, raise 
lssuas of more general conoem.ln 
this sectiOO we have brought together 
tha most Important and most relevant 
questions that have arisen since the 
noise regulation went into effect in 
August of 1979. We have used a 
question and answer formal for your 
convenience. 

The following are the topics Included: 

1. Noise projections for civil airports 
2. Definition of lnfill for small towns 
3. Areawide EIS waivers 
4. Requirements for modernization 
and rehabilitation protects 
5. Use of berms and barriers as 
attenuation measures 
6. New and revised airport noise 
contours 

Questions and AnsW*S 

I . How valid and useful are civil 
airport noise projections that show 
significant reductions In the amount 
of land exposed to high noise levels? 
Should we be suspicious? 

Contours that show significant 
reductions In the area exposed to 
high noise levels may seem 
questionable, but, according to the 
Environmental Protection Agency, 
they may be quite accurate. The EPA 
does expect to see some significant 
reductions In the number of people 
exposed to high levels of aircraft 
noise over the next 15 years. In their 
report Avletion Noise: The Next 
TW&nty years, EPA stated that they 
expected to see tha number of people 
exposed to levels of 65ldn or greater 
to drop from a 1975 figure of 5,5(i(),OOO 
to about2,650,000 In the year 2000. 
Much olthls reduction would occur 
during the period 1980- 1985 with 
more modest decreases thereafter. 
The reductions are expected to result 
from the Federal Aviation 
Administration's current noise 
certification requirements, even with 
up to 100% Increases in aircraft 
operations. (Current certification 
requirements are for all new aircraft 
to achieve stage three noise levels 
and all older aircraft to achieve stage 
two levels by 1985. Progress has been 
good In meeting these requirements.) 

In general then, you should not be 
surprlsed to see significant 
reductions in contour size if the 
following conditions are met: 

• the decrease In size is no more than 
50%; 
• the Increase In operations Is no 
more than 100%; and 
• FAR stage3 aircraft, such as the 
6757 and 6767, are included in the 
fleet mix, but not to the total 
exclusion of all other aircraft. 
Assuming that the contours are 
otherwise technically correct, 
significantly smaller contours should 
be acceptable. 
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2. Many small towns aren' t big 
enough for a project to meet the 
definition of In fill contained in section 
51.104 (bXt)(ll). However, a project 
located In the heart of town can hardly 
be considered to be In a largely 
undeveloped area. Must an EIS be 
prepared? 

Not necessarily. If the jurisdiction 
in which the project Is located is not 
part of a standard metropolitan area, a 
project may be considered In fili i! It Is 
within or contiguous to the already 
developed area and Infrastructure 
(particularly water and sewer) Is 
available and has the capacity to 
serve the project. It must also be clear 
that the project will not encourage the 
establishment of other Incompatible 
land uses In the normally 
unacceptable noise zone. 

If you believe a project meets these 
criteria, submit documentation to the 
Ofllce of Envl ronment and Energy for 
their revlew and determination. 

3. What can we do to reduce the 
procedural burden when, lor a variety 
of reasons, the Department expects 
to be considering a number of 
projects In an unacceptable noise 
zone? Most of the projects would 
probably qualify for an EIS waiver, but 
how can we avoid filling repetitive, 
lndillldual requasts? 

While the number of cases where 
the Department would be seriously 
considering a number of projects 
exposed to unacceptable noise levels 
In the same jurisdiction is likely to be 
limited, there Is an alternative to 
Individual processing in those 
situations. The alternative is to issue 
an areawide waiver for the entire 
affected jurisdiction. Such a waiver 
can be useful when the unacceptable 
no!se zone heavily impacts a 
substantially developed community 
with limited site alternatives. (In most 
cases we would expect that the noise 
source would be aircraft, but in very 
small towns it Is possible that a 
heavlly used rail line could create a 
large unacceptable noise zone.) 

An areawide EIS waiver would, of 
course, have to have a more detailed 
envlronmental assessment than an 
lndlvldual project request, and there 
are other special processing steps. 
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But If you have a situation whefe you 
think the Oepartmeot has a good 
reason to expect to process a number 
of projects within the unacceptable 
noise zone, there Is an alternative to 
Individual EIS waiYefS. Contact the 
Office of Environmeot and Energy f()( 
details on how to request the 
areawide waiver. 

4. What exactly are the processing 
requirements and general policies for 
modernization and rehabilitation 
projects? Does secton 51.104apply to 
them as well as to new construction? 
The noise regulation Is a bH confusing 
on this. 

Yes,lhe noise regulation Is a bit 
confusing on this question. We have 
seen several instances where field 
offices have mistakenly applied the 
provisions of Section 51.104to 
modernization and rehabilitation 
projects. We believe that this happens 
because section 51.1041s not as 
clearly titled as It might have been. It 
would be better If It read "special 
requirements for new construction" 
rather than simply "special 
requirements". 

The only parts of the regulation that 
apply to modernization and 
rehabilitation projects are sections 
51.101 (aK5) and the definitions of 
normally unacceptable and 
unacceptable noise zones contained 
In the table tn section 51.103. None of 
the othef proesslng ()(policy 
provisions of the table()( of sections 
51.102 and 51.104 apply. Thefef()(e: 
• modemizat ion and rehabilitation 
projects are to be processed by the 
field offices regardless of the noise 
zone. 
• EIS's are not required for 
modernization and rehabilitation 
projects unless mandated by other 
applicable environmental regulations. 

You must however continue to 
encourage attenuation features in 
modernization and rehabilitation 
projects,ln eccOfdance with the 
general policy stated In section 
51 .101(aX5). 

5. We know that bemls and ban18fS 
are the prefl!fl'ed type of noise 
attenuation because of the protection 
they provide f()( outdo()( living areas, 
but we need SOfne further guidance on 
when they are realty the best choice. 

While ban1ers can be an effective 
noise attenuation technique, they 
must, indeed, be used with caution 
and common sense because they can 
create more problems than they solve. 
Very high noise barriers can create 
significant aesthetic and financial 
problems relative to the noise benefit 
to be achieved. Barriers can block 
light, hinder natural ventilation, create 
an unpleasant sense of being walled 
In, and can be very unattractive. In 
addition, barriers do require 
continuing maintenance and can be 
very costly to build. 

It Is Important to remember that the 
noise regulation says that "measures 
that reduoe external noise at a site 
shall be used whet ewer pcactlcable." 
Is It practicable to propose a 20 foot 
high barfleronly 15 feet from the rear 
of a two-story building? Granted it 
would certainty protect the building 
from noise, but what about the 
blocked light, the reduced ventilation, 
the visual impact, and the cost? The 
purpose of a barrier Is primarily to 
reduce the noise levels In those 
outdoOf areas that people use. The 
secondary purpose Is to reduce the 
need f()( structural attenuation. 
Theref()(e, the ban1er should only be 
as high as Is necessary to protect 
those areas. Structural attenuation 
should be required f()( the parts of the 
building not protected by the ban1er. 
And if there aren1 any outdoOf areas 
where low noise levels are important, 
barriers shouldn't be required unless 
they would be more cost effective 
than building attenuation measures. 

20 

6. Whatahouldwebedolngoooewe 
have processed oow ()( revised 
aircraft noise contours and they have 
been approved f()( use? 

The most Important thing you can 
do oooe oow ()( revised aircraft noise 
contours have been approved fOf use 
Is to tell the people who are most 
likely to be affected by the change. If 
you have a oowslatter that you 
regularly publish, that Is one way to 
get the word out. At the very least you 
should specifically notify the affected 
jurisdictions and the 
builders/developers who are known to 
be active In the vicinity of the noise 
Impacted areas. Make sure you notify 
builders and developers who have 
large scale proJects that you have 
been processing In sections. Go back 
and check your Illes to lind them. 
Even though you should have done an 
overall environmental review of the 
project at the time the first section 
was submitted, the approval of 
Individual sections Is dependent on 
the noise levels at the time that 
section Is submitted. 
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Chapter4 

Noise Attenuation 

lntroducton 

HUD's noise policy (24 CFR 51 B) 
clearly requires that noise attenuation 
measures be provided when proposed 
pro,ects are to be located In high 
noise areas. The requirements set out 
In Section51.104{a)aredesigned to 
insure that interior levels do not 
exceed the 45 t..oo level established as 
a goal In Section 51.101(a)(9). Thus, In 
elfect,llthe exterior noise level Is 65 
l<tn to 70 L<f0 , 25 db of noise 
attenuation must be provided; lithe 
exterior noise level Is between 70 and 
75 L<f0 , I hen 30 db of attenuation Is 
required. Likewise, for projects 
proposed for areas where noise levels 
exceed 75 L<fn. sulflclent attenualon 
must be provided to bt'lng Interior 
levels down to 45 L<fn or below. 

There are three basic ways to provide 
the noise attenuation required: 

1. the use of barriers or berms 
2. site design 
3. acoustical construction 

01 these, only the first two provide 
any Improvement in the exterior 
environment. Because HUD considers 
a quiet exterior environment to be 
impor1ant, we prefer the use of those 
measures that reduce exterior levels 
as well as Interior levels. The use of 
acoustical construction by Itself Is, 
therefore, the least preferred 
alternative since It only affects the 
Interior levels. While we recognize 
that in many cases barriers or site 
design cannot provide all the 
attenualton necessary, you should 
combine them with acoustical 
construction whenever possible. 

Your responsibility as a HUD staff 
member is to: 
• make sure the project sponsor or 
developer is aware of the attenuation 
requirements lor the project. 
• make the sponsor aware of the 
options available 
and 
• review attenuation proposals to 
make sure they are adequate. 

While It Is not your responsibility to 
provide detailed design assistance to 
the sponsor or developer, you should 
know enough about the attenuation 
options to give him or her a basic 
understanding of what must be done. 
In many cases, you may be able to 
reassure the sponsor or developer 
that the necessary attenuation can be 
achieved through the use of common 
construction techniques or materials. 
Or you may be able to point out how a 
simple site design change can 
achieve the desired result without 
additional cost. 

The following sections are 
designed to provide you with the 
information you will need to fulfill 
your responsibilities. Each 
attenuation approach is discussed 
both In terms of basic concepts and in 
terms of what to look for In reviewing 
attenuation proposals. The 
discussion does assume that you 
have a working knowledge of the 
Noise Assessment Guiidellnes. II you 
have not worked with the Guidelines 
before or not recently you may want to 
go back and review them, particularly 
the section on calculating the effects 
of barriers. 
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Barrier Noise Reduction 
Concepts 

(The following, with some editing and 
with some additional graphics, Is 
taken from the Federal H•ghway 
Administration's Noise Barrier Design 
Handbook.') 

When no obstacles are present 
between (a source) and adJoining 
areas, sound travels by a direct path 
from the "sources" ... to(the) 
"receivers" ... , as shown In Figure 1. 
Introduction ot a barrier between the 
source and receiver redtstt1butes the 
sound energy into several(lndtrect) 
paths: a diffracted path, over the top 
of the barrier; a transmitted path, 
through the barrier; and a reflected 
path, dtrected away from the receiver 
These paths are also illustrated In 
Figure 1. 

1Nol$• Blrrl« Ckltlgn H•~ US f)eptrtmenl o4 
Tranapor1atl01\, Ftdeftl Hlghwty Admlnllirttlon, 
Ff!brua.y 1976. (F><WA-RD-76·581 

----
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Berrier Diffraction and Attenuation 

Consider an Infinitely long, Infinitely 
massive noise ban1er placed between 
a highway and the receiver. Figure 2 
Illustrates a cross-secllon through 
such a configuration. Pnl this 
example, the only way that sound can 
reach the receiver Is by bending over 
the top of the barrier; as shown in the 
figure. The bending of sound waves In 
this manner over an obstacle is 
known as dlffracllon. The area in 
which diffraction occurs behind the 
barrier Is known as the "shadow 
zone." The straight path from the 
source over the top of the barrier 
forms the boundary of this zone. 

All receivers located In the shadow 
zone will experience some sound 
attenuation; the amount of 
attenuation Is directly related to the 
magnitude of the diffraction angle o. 
As .plncreases, the barrier attenuation 
Increases. The angle 6 will increase If 
the barrier height Increases, or if the 
source or receiver are placed closer to 
the barrier. Clearly then the barrier 
attenuation Is a function of the 
geometrical relationship between the 
source, receiver, and barrier. One way 
of relating these parameters to the 
barrier attenuation Is to define the 
path·length difference as shown In 
Figure 3. This parameter is the 
difference In distance that the sound 
must travel in diffracting over I he lop 
of the ban1er rather than passing 
d1rect1y through It 

In the preceding discussion it was 
assumed that the barrier was 
"infinite"; I.e., long enough to shield 
the receiver from all sound sources up 
and down the highway. For short 
barriers, the attenuation can be 
seriously limited by the sound from 
sections of highway beyond the 
barrler"s ends, which are unshielded 
from the receiver, as shown In Figure 
4. Similarly, when there are large gaps 
In the barrier (to permit access, lor 
example), sound from the unshielded 
section of highway adjacent to the 
gap can greatly compromise barrier 
attenuation, especially for those 
receivers close to the opening. 

Flguro2 
._ Dlfhc:llon 

Figures 
PolhUnglh 
DIH-fa A+B- d 

-I 
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a.rierTrensmlsslon 

In addition to the sound I hal travels 
aver I he top of the barrier to reach the 
receiver, soond can travel through the 
barrier Itself. The amount of sound 
" transmission" through the barrier 
depends upon factors relating to the 
barrier material (such as Its weight 
and stiffness), the angle of incidence 
oft he sound, and the frequency 
spectrum of the sound. One way of 
rating a material's ability to transmit 
noise Is by the use of a quantity 
known as the transmission loss, TL 
The TL is related to I he ratio of the 
Incident noise energy to the 
transmitted noise energy. 
Transmission loss values are 
normally expressed In decibels and 
represent the amount noise levels will 
be reduced when the sound waves 
pass through the material. The higher 
the TL value the less noise 
transmitted through the material. 
Typically, the TL value lml)(aves with 
Increasing surface weight of the 
material. 

The noise reduction provided by a 
barrier can be severely compromised 
If the TL value of the material permits 
too much noise to pass through the 
barrier. This Is due to the fact that 
when attenuation is a function of two 
or more factors, the noise level at the 
measurement point Is actually the 
combination of the reduced noise 
levels resulting from each attenuation 
factor. For example, with atypical 
barrier the noise levels are reduced by 
(1) sound waves being diffracted over 
the barrier and (2) sound waves 
passing through the barrier. The noise 
level at the receiver pol ntis the 
combination of the attenuated levels 
resulting from each attenuation step. 
lithe starting noise level Is 65 db and 
the noise level Is reduced 10 db when 
the sound waves pass through the 
barrier then the attenuated level 
reaching the receiver Is 55 db. It the 
attenuation l)(a<tlded by the sound 
waves being diffracted over the 
barrier Is also 10 db then the 
attenuated level reaching the receiver 
along that path Is 55 db as well. Using 
the table in the Noise Assessment 
Guidelines to combine the two 
Individual attenuated levets, one finds 
that the combined attenuated level Is 
actually 58 db. Thus even though the 
attenuation value of each attenuation 
step was 10 db, the actual reduction 
for the receiver Is only 7 db. It Is, 
however, a function of the way noise 
levels combine that If the difference 
between levels Is greater than 10 db It 
does not affect the levels. As a 
general rule, therefore, II the TL value 

Is at least 10 dB above the attenuation 
value resulting from diffraction over 
the top of the barrier, the barrier noise 
reduction will not be significantly 
affected by transmission through the 
barrier (decreased by less than 0.5 
dB). For many common materials 
used In barrier construction, such as 
concrete and masonry blocks, TL 
values are usually more than 
adequate. For less massive materials 
such as steel, aluminum and wood, TL 
values may not be adequate, 
partlculat1y lor those cases where 
large attenuations are required. (See 
Table 1 for a list of typical TL values.) 

Even If a barrier material Is massive 
enoogh to prevent significant sound 
transmission, the barrier noise 
reduction can be severely 
coml)(omlsed If there are holes or 
openings In the barrier. For large 
openings, sound energy Incident on 
the barrier will be directly transmitted 
through the opening to the receiver. 
When the opening Is small an 
additional phenomenon occurs: upon 
striking the barrier wall the sound 
pressure wllllncrNM, resulting In an 
amplification of the transmitted 
sound to the receiver. Thus, the 
presence of openings or holes may 
seriously degrade the noise reduction 
l)(a<tided by otherwise effective 
barriers. 

Flgl.n 5 
Atlt.cllone 11om on 
~Baf11er 

Barrier Reflections 

As shown In Figure 1, soond energy 
can be reflected by a barrier wall. For 
the configuration shown In that 
figure, the reflected energy does not 
a Ifact the receiver, but may affect 
receivers located to the left of the 
highway. However the Increase In 
noise level for these receivers would 
be less than 3 dB, because this single 
reflection can at most dooble the 
sound energy. (Remember how you 
combine noise levels? The most you 
add Is 3 db when levels are the same.) 

The situation Is entirely different, 
however, when a double barrier 
situation Is involved (refer to Figure 5). 
In addition to the energy that reaches 
the receiver by diffraction over the top 
of the barrier, if the barrier walls are 
reflective, additional sound energy 
can reach the receiver by a reflection 
from the left wall as Illustrated In the 
figure. The same principles apply 
when there is a vertical retaining wall 
opposite a noise barrier; similarly, In a 
deep vertical cut the opposite walls 
will create multiple reflections. 

II the barrier walls are not perfectly 
reflecting but absorb some or the 
sound energy, the contrlbuton of each 
reflection Is decreased by an amount 
that depends upon the absorptive 
characteristics of the barrier. For very 
hard, reflective surfaces,the 
absorption characteristics are very 
poor. Although a serious degradation 
In barrier performance may result lor 
the dooble barrier situation, use of 
materials with good absorption values 
will usually recover all of the lost 
noise reduction. 

-

Batrlor Source Botrlor 
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It should be mentioned that the use 
of barrier walls with sloped side$ 
(lonnlng angles of grater than 10-15 
degrees from the vertical) will also 
generally eliminate multiple 
reflections. Use ol earth berms Is 
particularly appropnate to accomplish 
this. Sloped barrier walls will require 
more material to achieve a desired 
height than a vertical wall , while 
berms will require greater right-of-way 
than a thin wall. 

Ground Effects 

Consider again the direct path of 
sound from the source to receiver as 
illustrated In Figure 1 In the absenoe 
of any obstacles. For sources and 
receivers located c lose to the ground, 
In addition to this direct path sound 
energy may reach the receiver by 
reflecting off the ground. When the 
terrain Is relatively hard and flat, such 
a reflection will add to the noise from 
the direct path to Increase the level at 
the recelver. However, when the 
ground is soft, there may be a phase 
reversal upon reflection such that the 
noise from the ground reflection path 
will destructively Interfere with the 
noise from the direct path resulting in 
a significant reduction In noise levels 
at the receiver. 

This reduction In level, known as 
ground-effect attenuation, Is In 
excess of the 3 dB per doubling of 
distance propagation loss lor a line 
source of noise and occurs only above 
soft absorptive ground (such as 
normal earth and most ground with 
vegetation~ Over hard ground (such as 
concrete, stone and very hatdi)8cked 
earth) these effects do not occur. 
These effects are most apparent lor 
receivers on the ground floor, and 
decrease rapidly as receiver helght 
aboVe ground Increases. 

While ground absorption effects 
are not completely understood, It Is 
generally believed that these effects 
account lor the 4.5 dB per doubling of 
distance propagation loss observed 
over soft ground, as compared to the 
3 dB propagation loss observed over 
hard ground. The Implication with 
regard to barrier design is that 
placement ol a ban1er over soli 
ground between source and receiver 
will r&<llrect the sound over the top of 
the barrier, thus destroying the 
ground reflection and the additional 
1.5 dB per doubling of distance 
attenuation. Thus, the ban1er must be 
designed to provide more reduction 
than would otherwise be necessary, 
to compensate lor tho lost ground 
effects over absorptive ground. 

Summary 
(From: Design Guide, National Bureau 
of Standards') 

In summary, the following can be said 
about noise bamers. 

• II a barrier does not block the llne­
of•slght between the source and 
receiver, the barrier will provide little 
or no attenuation. 
• If a barrier Is constructed of a 
material with a surface weight density 
greater than 4 lblft' and there are no 
openings through the barrier, 
transmitted sound will usually be 
negligible. 

• If there are openings totaling over 
10 percent or more of the barrier area, 
barrier attenuation will be negligible. 
• Diffracted sound is usually the 
most important aspect In estimating 
barrier attenuation. 
• Reflected sound can be Important 
lor receivers on the source side of a 
barrier, but it normally Is not a factor 
lor receivers on the side opposite 
from the source. Hence reflected 
sound Is usually not important to your 
building and site. 
• Transmission of sound around the 
ends of the barrier can be critical if 
the barrier Included angle Is less than 
170•. 
• Barrier attenuations greater than an 
A-weighted sound level difference of 
10 dB are difficult to obtain. 
• FO< two or more barriers " In 
series," consider only the "dominant" 
barrier. 
• Assume no attenuation lor a 
receiver located beyond the end of a 
barrier. 

Reviewing Barrier Proposals 

All effective barrier Is one which 
reduces the noise level behind the 
barrier to 65 '-dn or lower. ll a barrier 
can reduce the exterior noise level to 
65 '-dn. then standard construction 
techniques should be sufficient to 
Insure an interior level of 45lon or 
below. Therefore, if you determine 
that a proposed barrier Is adequate to 
reduce the exterior noise level to 65 
Lon then no additional attenuation 
measures should be necessary. 

' Design Guido lor Reducing 
T!ansporlltion Noise in and AI04Jttd 
Bulldmgs, US ~menl of Commetce, 
Nat.ona18ureeu of Stanclalds, April 1978. 
(Butldlng Se•onc• s..nes 84) 
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There are lour things to check when 
determining the adequacy of a 
proposed barrier: 
1. Is It high enough? 
2. Is It long enough? 
3. Is it made of the right materials? 
4. Is It property constructed? 

Is It High Enough? 

In order for a barrier to be effective It 
must be at least high enough to break 
the nne of sight between the source 
and the receiver. In the Noise 
Assessment Guidelines you will find 
the procedure IO< determining how 
much attenuation Is provided by a 
barrier of a given helght. 

In general, barriers and berms are 
most effective for one and two story 
buildings because a relatively low 
barrier can often provide the 
attenuation needed. The height that 
might be required to provide 
attenuation lor much taller buildings 
is often not feasible for either cost 
or aesthetic reasons. However, even 
If a barrier can not be made high 
enough to attenuate the upper floors 
of a multistory building, it may still 
be able to provide some protection 
for outdoor recteational areas. 
Before discarding the barrier Idea 
check for this possibility. 

If you lind that the barrier as 
proposed Is too short to be effective 
but the sponsor or developer tells 
you that he or she can not make the 
barrier any higher, there are some 
alternatives you can suggest. There 
are ways to get more attenuation out 
of each loot of overall height. 

As a general rule, barriers work 
better I he closer they are to the 
source. Figure 6 shows a barrier that 
does not block the fine of sight at all 
when It Is located next to the 
receiver, yet is quite tall enough 
when located next to the source. 
Thus, If the sponsor or developer 
can not make the barrier any taller, 
perhaps he or she can move It closer 
to the source. 

Another way to get more 
attenuation without Increasing 
overall barrier height Is to bend the 
top of the barrier towards the 
source. Figure 7 shows a case where 
a barrier built perfectly straight 
provides 8 dB of attenuation. A 
barrier with the same overall height 
but with a 45 degree bend towards 
the source provide$ 9.5 dB of 
attenuation. Thus If the project 
sponsor or developer wants to keep 
the overall height of the barrier 
down, he or she can still increase 
the attenuation provided simply by 
bending lhe top. 
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Thus, if your review of a proposed 
banier shows It to be too short, but 
It can not be made any higher, 
suggest that the barrier be moved 
closer to the source or that It be 
bent at the top, or both. 

Is It long Enough? 

Once you have established how 
much attenuation the banier 
provides due to its height, you must 
determine If the length of the barrier 
coml)fomises that attenuation level. 
Again, the Noise Assessment 
Guidelines contain a procedure for 
calculating the effect of barrier 
length. 

II you find that the barrier Is too 
short but that there are limitations 
on how long it can be made, there 
are, as there were with barrier 
heights, some recommendations you 
can make on how to lml)fove the 
effectiveness of the banil!f. 

Again, II you bend the edges of 
the barrier, this time towards the 
..-tver not the source, you will 
Increase the effectiveness of the 
barrier. Figure 8 shows how much a 
barrier's effectiveness can be 
Improved by bending the edges. 

You can also improve the 
effectiveness of the barrl l!f by 
moving It closer to the receiver 
Figure 9 shows how much a batTier's 
effectiveness can be increased by 
moving II closer to the receiver. Now 
obviously, this creates a conflict 
with what we said earlier about 
moving the barrier closer to the 
source. Clearly each case will 
require a different compromise. II 
height Is not a limiting factor but 
length is, you might recommend to 
the l)foject sponsor or devetop&f that 
the banier be moved closer to 
receiver and the height Increased as 
necessary. lithe reverse Is true, you 
would want to recommend lhe 
opposite. II both height and length 
are limited, then the sponsor or 
developer must lind that optimum 
point where the elleclveness of both 
the barrier height and the barrier 
length Is as high as possible. 
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Is It Made of The Right Materials? 

Even If a barrier is high enough and 
long enough, Its effectiveness can 
be severely reduced If It is made up 
of lightweight materials that easily 
transmit sound waves. In the 
preceding section on barrier 
concepts we lalked about how If lhe 
transmission loss value for the 
barrier material was not at least 10 
db higher than the attenuation value 
of the barrier based on length and 
height there would be a significant 
reduction In the effectiveness of the 
barrier. 

Therefore, once you have 
calculated the basic attenuation 
potential of the barrier, you must 
check to make sure the proper 
material is being used to build the 
barrier. Table 1 lists the 
transmission loss values for 
materials commonly used in barrier 
construction. Once you have found 
the transmission loss value lor the 
material being used, go to Table 2. 
Read down the column with the 
transmission loss for the malerlal at 
its top and across the line that has 
the attenuation potential for the 
barrier listed. Where the two 
Intersect you will find the actual 
attenuation capability of the barrier. 

II you lind that the choloe of 
material has severely reduced the 
effectiveness of the barrier, you 
should recommend that the sponsor 
or developer select another material. 

Is It Property Constructed? 

Holes or openings can substantially 
reduce the effectiveness of a barrier. 
A barrier that has openings totaling 
50% or more of its total area will 
provide no attenuation. A barrier that 
has openings totaling 10% of Its total 
area has a maximum attenuation 
value of approximately 4db. That Is 
4db no matter how high, how long or 
how thick the barrier. So you can see 
that Ills very important thai the 
barrier is made of solid materials and 
that It Is tightly constructed. In 
general the Intended openings in a 
barrier should equal no more than 1% 
of total area and the cons I ruction 
speclllcations should require that all 
joints are tightly sealed. 
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Fir 112 17 
I 2.0 Ught 
2 24 Concrete 4 36 
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1 19 OGnse 
2 23 Concreto • 40 

RedwOOCI 112 16 Concrete 
I 19 Block • 32 

2 23 8 36 

C«<aa 112 15 Cinder Block 6 28 
1 18 (HollOw Cote) 

33 2 22 fl<t<:k 4 
Plywood 112 2.0 <mol It 4 40 

1 23 
Portlcle 
8oaRI 112 2.0 Corr4>os!t• 

Alvmlnum 
Metals Faced 314 21-23 

Plywood 
Aluminum 1/18 23 Aluminum 

118 25 Faced 314 21-23 
114 27 Particle 

Steel 24 ga 18 Board 
2.0ga 22 Plastic 
16 ga 15 

lNd 1/16 28 
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A FINII Note 

One thing should have become clear 
to you as you have been reading this 
section, and that Is that in order for 
you to adequately review a project 
sponsor or developer's proposed 
barrier you must be given fairly 
specific Information about the exact 
dimensions of the proposed barrier, 
the type and thickness of the barrier 
material, and the exact design of the 
barrier Including construction 
specifications. Without this 
Information you will be unable to do 
any more than a cursory evaluation, 
an evaluation that could be far from 
accurate. Make sure you make it clear 
to the developer or sponsor what you 
need to have 

lMnlna 314 21- 23 
on Plywood 
Plutie 
L.amlna on 3/4 21-23 
P8111clo 
Board 

Mlsctllln80US 

GIUS (Safety 
Glasa) 118 22 

114 28 
Plex<gtua 
IS/Iatl~ 22-25 
Muonlte 112 2.0 
Fll*gleSal 
l*in 1111 2.0 
Stucco on 
Metot L.ath 32 
Polyester 
with 3 20-30 
Agoregato 
Surtoce 

1A.welghtod Tl bosod on geno<olized ltuCI< 
lj>OC1Mn - : No/to 8ttrlof Dotlgn 
H.-.FHWA 
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T-2 
H-. Reductiot• of • Bamlr .. a 
Fl.nCtlon or hs Tronsmloslon l.oea 

Designed Tramisslon Loss, dB or Matetlal& 
Atlenuatlon, dB 
~rom helghQ 
and length) 

10 15 2Q 25 30 

5 3.8 4.6 4.9 5.0 5.0 
6 4.5 5.5 5.8 6.0 6.0 
7 52 6.4 6.8 6.9 7.0 
8 5.9 72 7.7 7.9 8.0 
9 6.5 8.0 8.7 8.9 9.0 

10 7.0 8.8 9.6 9.9 10.0 
II 7.5 9.5 10:5 10.8 11 .0 
12 7.9 102 11.4 1 1.8 11.9 
13 82 10.9 122 12.7 12.9 
14 8.5 11.5 13.0 13.7 13.9 
15 8.8 12.0 13.8 14.6 14.9 
16 9.0 12.5 14.5 15.5 15.8 
17 92 12.9 15.2 16.7 16.8 
18 9.4 13.2 15.9 172 17.7 
19 9.5 13.5 16.5 18.0 18.7 
2Q 9.6 13.8 17.0 18.8 19.6 

Source: Noise Bsrrler Design Handbook., FHWA 
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Acoustical Site Planning 
Concepts 

(This section, with some editing, Is 
from The Audible Landscape, FHWA.') 

The arrangement of buildings on a 
site can be used to minimize noise 
Impacts. II Incompatible land uses 
already exist, or if a noise sensitive 
activity Is planned, acoustical site 
planning often provides a successful 
technique for noise Impact reduction. 

Many site planning techniques can be 
employed to shield a residential 
development from noise. These can 
Include: 

1. Increasing the distance between 
the noise source and the receiver; 
2. placing noise compatible land 
uses such as parking lots, 
maintenance facilities, and utility 
areas between the source and the 

F1guN 10 
Use ol o Potting Gatoge to 
Shield I Rtoldenliol A,.l 

receivers. Playgrounds and parks are 
not necessarily noise compatible 
activities. 
3. locating barrier·type buildings 
parallel to the noise source or the 
highway; and 
4. orienting the residences away from 
the noise. 

The Implementation of many of the 
above site planning techniques can 
be combined lhrough the use of 
cluster and planned unit developmenl 
techniques. 

Di stance 

Noise can be effectively reduced by 
increasing the distance between a 
residential building and a highway. 
Distance Itself reduces sound: 
doubling the distance from a noise 
source can reduce Its Intensity by as 
much as 3 dBA. In the case of highrlse 
buildings, distance may be the only 
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means, besides acoustical design and 
construction, of reducing noise 
Impacts. This is because it is neatly 
Impossible to provide physical 
shielding for the higher stories from 
adjacent noise. 

Noise Compatible land Uses as 
Buffers 

Noise protection can be achieved by 
locating noise-compatible land uses 
between the highway and residential 
units. Whenever possible, compatible 
uses should be nearest the noise 
source Figure 10 shows a proposed 
parking garage along two sides of a 
development in Boston. Both the 

1 Tho Alld•bl~ !And$- A Manual/a 
Hig/twoy Noise atK1 Lltnd Use. US 
Department of TransportatiOn. The F-al 
Highway Administration. Novembet 1974. 
(GPO Stock Number. 5000-()0079.) 
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Fitzgerald Expressway and the 
entrance to the callahan Tunnel 
which are shown on the site plan are 
major and noisy traffic routes. In 
addition to protecting the residential 
development from the noise and dirt 
ol highway traffic, the parking garage 
provides needed facilities tor the 
residents. 

Buildings as Noise Shields 

Additional noise protection can be 
achieved by arranging the site plan to 
use buildings as noise barrlefS. A long 
building, or a row ot buildings parallel 
to a highway can shield other more 
distance structures or open areas 
from noise. 

It the building being used as a 
barrier Is sensitive to highway noise, 
the building Itself must first be 
soundproofed. This technique was 
used In a housing project In England 
where a 3,900 loot tong, t8 toot wide 
and 45-70 toot high wall (depending 
on the terrain) serves as both 
residence and a sound shield. The 
wall/building will contain 387 
apartments In which the kitchens and 
bathrooms are placed towards the 
noise, and the bedrooms and living 
rooms face away from the highway. 
The wall facing the highway will be 
soundproofed and windows, when 
they exist, are sealed. Substantial 
noise reductions are expected. 

Orientation 

The orientation ot buildings or 
act1vities on a site affects the Impact 
of noise, and the building or activity 
area may be oriented In such a way as 
to reduce this Impact 

Noise impacts can be severe tor 
rooms lacing the roadway since they 
are closest to the noise source. The 
noise 1mpact may also be great tor 
rooms perpendicular to thG roadWay 

F1gln 11 
eon..ntlonal Grid S<Jbdlvlalon 

because (a) the noise pattern can be 
more annoying In perpendicular 
rooms and (b) windows on 
perpendicular walls do not reduce 
noise as effectively as those on 
parallel walls because of the angle of 
the sound. Road noise can be more 
annoying In perpendicular rooms 
because It Is more extreme when it 
suddenly comes In and out of earshot 
as the traffic passes around the side 
of the building, rather than rising and 
tailing In a continuous sound, as it 
would If thG room were parallel to 
passing vehicles. 

Whether too noise impact is greater 
on the perpendicular or the parallel 
wall will depend on too specHic 
Individual conditions. Once thG most 
severely Impacted wall or walls are 
determined, noise Impacts may be 
minimized by reducing or eliminating 
windows from these walls. 

Buildings can also be oriented on a 
site In such a way as to exploit the 
site's natural features. With reference 
to noise, natural topography can be 
exploited and buildings placed In low 
noise pockets it they exist. If no 
natural noise pockets exist, it is 
possible to create them by excavating 
pockets tor buildings and piling up 
earth mounds between them and the 
noise. Such a structure would 
obstruct the sound paths and reduce 
the noise impacts on the residences. 

Flg<Jrot2 
P1-.-t ol Hoi$& Compatlbto u ... -. 
Higl1way Ina PUO 
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Clustllf and Planned Unit 
Development 

A cluster subdivision Is one In which 
too densities prescribed by thG zoning 
ordinance are adhered to but Instead 
of applying to each Individual parcel, 
they are aggregated over too entire 
site, and the land Is developed as a 
single entity. A planned unit 
development, or P.U.O.,Is similar but 
changes in land use are Included, 
such as apartments and commercial 
facilities In what would otherwise be a 
single-family district. 

From Figure 111t can be seen how 
too conventional grid subdivision 
affords no noise protection I rom thG 
adjacent highway. The first row ot 
houses bears too lull Impact ot too 
noise. In contrast, the cluster and 
P.U.D.technlques enable open space 
and commercial uses respectively to 
serve as noise butters. Examples of 
this are shown In Figures 12 and 13. A 
word of caution Is necessary: In a 
cluster development, too required 
open space can be located near the 
highway to minimize noise to the 
residences. However, many recreation 
uses are noise sensitive, and when 
one takes advantage ol the flexibility 
ot cluster development to minimize 
noise, care must be taken not to use 
all of thGavallabteopen space In 
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buffer strips, thus depriving the 
development of a significant open 
space area. Where high noise levels 
exist, a combination of buffer strips 
and other techniques (such as berms 
and acoustical sound proofing) can be 
employed. 

The flexibility of the cluster and 
planned unit development techniques 
allows many of the above site 
planning techniques to be realized 
and effective noise reduction 
achieved. 

Reviewing Site Plans 

There are two main things to check 
when reviewing site plan changes to 
determine If the revised site plan 
provides adequate attenuation for the 
noise sensitive uses: 

1. Is the separation between the 
source and the receiver great enough? 
2. If noise'i:ompatlble buildings are 
being used as barriers for other 
buildings, are they adequate barriers, 
I.e., are they long enough and are they 
high enough? (And, If the buildings 

Flguro13 
Opon SPK<> Placed N..,r a Highway In a 
Cluslor Dewlopmenl 

being used as barriers contain noise 
sensitive activities, have the buildings 
been properly soundproofed.) 

In order to determine whether the 
proposed site plan changes will 
provide adequate separation between 
the source and the receiver, you 
simply go back to the Noise 
Assessment Guldlines procedures. 
You cen use the Guidelines both to 
determine if the proposed separation 
distance Is sufficient or to determine 
the necessary separation distance. 
You should at this point check to 
make sure that the uses being located 
In the "buffer zone" between the 
source and the receiver are Indeed 
noise compatible uses. If parks or 
playgrounds are located In the buffer 
zone, make sure they are not the only 
ones associated with the project. 

To determine whether the noise 
compatible buildings being proposed 
as barriers are adequate, you simply 
use the procedures outlined In the 
preceding section. Determine whether 
the building is high enough to 
properly break the tine of sight 
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between the receiver and the source. 
Then determine If the building Is long 
enough. It is not necessary to check 
to make sure It Is made of the proper 
materials or that It is properly 
constructed since the building will be 
Inherently thick enough not to have 
any problems. Again, however, If the 
building befng proposed as a barrter 
contains noise sensitive uses you 
must first verify that It Is properly 
soundproofed. (See the next section 
for guidance on acoustical 
construction.) If the building Is not 
properly soundproofed then It can not 
be used as a barrier for other 
buildings. 

As you review the site plan check to 
see that the building locations will not 
aggravate noise problems. Figure 14 
shows how building arrangement can 
make the noise problem worse. 
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Acoustical Construction 
Concepts 

(This section, with some editing Is 
taken from the Audible Landscape, 
FHWA.' ) 

Noise can be intercepted as it 
passes through the walls, floors, 
windows, ceilings, and doors of a 
building. Examples of noise reducing 
materials and construction 
techniques are described In the pages 
that follow. 

To compare the insulation 
performance of alternative 
constructions, the Sound 
Transmission Class (STC) Is used as a 
measure of a material 's ability to 
reduoe sound. Sound Transmission 
Class Is equal to the number of 
decibels a sound is reduced as it 
passes through a material. Thus, a 
high STC rating indicates a good 
Insulating material. It takes Into 
account the Influence of different 
frequencles on sound transmission, 
but essentially the STC Is the 
difference between the sound levels 
on the side of the partition where the 
noise originates and the side where It 
Is received. For example, II the 
external nolsa level is 85 dB and the 
desired Internal level is 45 dB, a 
partition of 40 STC is required. The 
Sound Transmission Class rating Is 
the official rating endorsed by the 
American Society of T estlng and 
Measurement. It can be used as a 
guide In determining what type of 
construction Is needed to reduce 
noise. 

The use of the STC rating system 
for transportation noise Is a subject 
of some debate. The STC rating was 
originally Intended primarily for use 
with Interior partitions and relates to 
the "subjective tm~essions of the 
sound Insulation ~ovided against the 
sounds of speech, radio, television, 
music, and similar sources ol noise In 
offices and dwellings."' However, 
since it remains the only widely used 
noise reduction rating system for 
materials the STC system Is very 
often used even with transportation 
noise. When STC ratings are used for 
transportation noise you should be 
aware that the STC ratings may be a 
few dB too high. For example, the STC 
rating for a standard frame 2 x 4 wall 
with exterior siding, and sheathing 
and interior sheetroclc may be 37 dB., 

II rated specifically for transportation 
noise the dB reduction rating might 
drop to 34 dB.' All this really means, 
however,ls that you should use the 
STC ratings with a bit of caution and 
remain awara of the possible 2-3 dB 
overstating that you may get with the 
STC rating system. Throughout this 
text we will be talking In terms of STC 
ratings for materials and assemblies. 

1 The Au<11ble Lancia<:«,.; A Manual for 
Hlghwly No/sesnd t.nd Use, US 
Deparl"*'t ol Transportollon, the Feclerol 
Highway Mministnnion,- 1874. 
(GPO Stoclo r.;ooo..ooo711) 

> Acoustle«land Thtrm.l Perlormanc. o/ 
Exterior Residential Wl//f, Doors, and 
Windowf, US Depart"*'! ol Comm«e«, 
NatioN~ Bureau of Standards, NoY8mbel 
t975. jNBS BuildingSclonc:e Series 77)PIQO 
21. 

'1bid.,p. 29 
·~slpn Guide lor Reduclnp 

Trani{>Offlllon No/uln and Around 
Buildlnos. p. 137. 

Flgon 15 
Tho­
undt<:epo 

Factors which influence oourd att...,.tk)n of 
walls 

Wells 

Walls ~ovide building occupants wtth 
the most protection from exterior 
noise. Different wall materials and 
designs vary greatly In their sound 
Insulating ~opertles. Figure 15 
~ovides a visual summary of some 
ways In which the acoustical 
properties can be Improved: 

lnc:rease the mass ll1d stiffness of 
the wall. In general, the denser the 
wall material, the more it will reduce 
noise. Thus, concrete walls are better 
Insulators than wood walls of equal 
thickness. Increasing the thickness of 
a wallis another way to increase 
mass and im~ove sound insulation. 
Doubling the thickness of a partition 
can result In as much as a 6 dB 
reduction in sound.' However, the 
costs of construction tend to limit the 
feasibility of large Increases In wall 
mass. 

The relative stiffness of the wall 
material can Influence its sound 
attenuation value. Care must be taken 
to avoid wall constructions that can 
vibrate at audible frequencies and 
transmit exterior sounds. 

1R. K. Cooke and P. Chrzanowski, 
"Transmission ot Noise Tl1<oogh Walls ard 
Floor1," Cyril Harrl1, ed., Handbook ol Noise 
Control, M<:G<a~illllooi< ~.Inc. 
(New YO<l<, 1957). 

Lower sourd attenuatk)n Higher sourd auenuaton 

Increased mass 

Ute ol air space 

I llncreesedwldthofolr~ 

® ~ I I ~ ~ I Wldo spactng betwetft studs 

M' M I I ~ ~ ~ ~ I s._ed studs 

M ~ I i i I UseolresllientattiChmenta 
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Use cavity partltlont. A cavity wall 
Ia composed of two()( more layers 
separated by an airspace. The 
airspace makes the cavity wall a more 
effective sound Insulator than a 
single wall of equal welght,leadlng to 
cost savings. 

lnctease the width of the airs~. 
A three inch airspace provides 
significant noise reduction, but 
Increasing the spacing to six inches 
can reduce noise levels by an 
addltlonal5 dBA. Extremely wide 
airspaces are difficult to design. 

Increase the spec:lng belwMn 
atuds.ln a single stud wall, 24 inch 
stud spacing gives a 2-5 dB Increase 
In STC CNer the common 161nch 
spacing} 

Use sttaagget"""'"edlli atuda. Sound 
transmission can be reduced by 
attaching each stud to only one panel 
and alternating between the two 
panels. 

2Leslle T. Doelle, Erwlronmental Acoustics 
(New YO<k, MeGraw•HIII Boolc Company, 
1972). pp. 232-233. 

F1gln 16 
Wills 

Uae 1111lllent matnla to hold the 
atuda and paMis tovetlllf. Nails 
severely reduce the wall's ability to 
reduce noise. Resilient layers such as 
fiber board and glass fiber board, 
resilient clips, and semi-resilient 
attachments are relatively 
Inexpensive, simple to Insert, and can 
raise the STC rating by 2-5dB.1 

Uae dlaslmllar l1yers.lf the layers 
are made of different materials and/or 
thickness, the sound reduction 
qualities of the wall are lmproved.2 

Add ICOUStlc81 blanketa. Also 
known as Isolation blankets, these 
can increase sound attenuation when 
placed In the airspace. Made ff()(O 
sound absorbing materials such as 
mineral ()(rock wool, fiberglass, hair 
felt()( wood fibers, these can 
attenuate noise as much as 10 dB.' 
They are mainly effective In relatively 
lightweight construction. 

SNI cracks and edges. II the sound 
Insulation of a high perl()(m80ce wall 
Is ever to be realized, the wall must be 
well sealed at the perimeter. Small 
holes and cracKs can be devastating 
to the Insulation value of a wall. A one­
Inch square hole or a 1/16 inch crack 
161nches long will reduce a 50 STC 
wall to 40.' 

Common Stud Wall 
STC:35 

St-ed Stud Wall 
STC : 39 

4" 8r1d<Wan 
STC=40 

SI'W«ed Stud wan 
with Absorbent Blanket 
STC=43 

8"BrlckWall 
STC:52 

Agure 16 shows a sample of wall 
types ranging from the lowest to the 
highest sound insulation values. 

Remember that the effectiveness of 
best wall construction will be 
substantially reduced If you permit 
vents, mall slots()( similar openings 
In the walls. II vents are permitted the 
ducts must be specially designed and 
Insulated to make sure noise does not 
reach the Inside. The best approach is 
simply to eliminate all such openings 
on Impacted walls. 

'Ibid. p. 172 
21bld, p. 162 
'Doelle, p. 20 
•United Scates Gypsum, Sound Control 

Conoiructlon, Principles and Perfonnanc<> 
~ChiCIQO, 1972), p. 66 

7" Concrete Wall 
STC:52 

Double Brick Wall 
STC:53 

12" Brick Woll 
STC:54 
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However, glass thicknes&es are onty 
practical up to a certain point, when 
STC Increases become too 
Insignificant to justify the cost. For 
example, a t/21nch thick glass can 
have an STC of 35; Increasing the 
thickness to 314 Inch only raises the 
STC to 37. However, a double glass 
acoustical window consisting of two 
3/16 inch thick panes separated by an 
airspace will have an STC of 51 and 
can cost less than either solid 
window. 

tn addition to thickness, proper 
sealing Is crucial to the success of 
the window. To prevent sound teaks, 
single windows can be mounted In 
reslllent material such as rubber, 
cork, orfelt. 
Install Double-Glazed Windows. 
Ooubl&gtazed windows are paired 
panes separated by an airspaca or 
hung In a special frame. Generally, the 
performance of the double-glazed 
window may be Increased with: 
• increa&ed airspace width 
• lncrea&ed glass thickness 
• proper use of sealings 
• slightly dissimilar thicknesses of 
the panes 
• slightly non·parallel panes 

In general the airspace between the 
panes shoUld not be less than 2-4 
Inches If an STC above 40 Is desired. 
II this Is not possible, a heavy single­
glazed window can be used. The use 
of slightly non-parallel panes Is a 
technique employed when extremely 
high sound Insulation Is required, 
such as In control rooms of television 
studios. 

The thickness of double-glazed 
panes may V8IY from 1/8 to 1/4 Inch or 
more per pane. Although thickness Is 
Important, the factors which most 
determine the noise resistance of the 
window Is the use of sealant and the 
width of the airspace. 

As In the case of all windows, 
proper sealing Is extremely Important. 
To achieve an STC above 43, double­
glazed windows should be sealed 
permanently. lf the windows must be 
openable, there are available special 
frames and sealers lor openab4e 
windows which allow a maximum 
STCof43.' 

Permanently sealed double-glazed 
windows often require an air pressure 
control system to maintain a constant 
air pressure and minimal moisture In 
the airspace. Without this system, the 
panes may deflect, and, In extremely 
severe cases. pop out of the frames. 

'Ibid 

To further Insure Isolation of noise 
between double-glazed panes, the 
panes could be of different 
thicknesses, different weights, and 
slightly fl001l3rallel to each ot.her. 
This prevents acoustical coupling and 
resonance of sound waves. 

Doors 
Acoustically, doors are even weaker 
than windows, and more difficult to 
treat. Any door will reduce the 
Insulation value of the surrounding 
wall. The common, hollow oore wood 
door has an STC rating of17 dB. 
Taking up about 20% of the wall, this 
door will reduce a .S STC wall to 24 
STC. To strengthen a door against 
noise, the hollow core door can be 
replaced by a heavier solid oore wood 
door that is well sealed' and Is 
relatively inexpensive. A solid core 
wood door with vinyl seal around the 
edges and carpeting on the floor will 
reduce the same .a STC wall to only 
33 dB.> An lncrea&ed sound Insulation 
value can be achieved 11 gasketed 
stops or drop bar threshold closers 
are Installed at the bottom edge of the 
door. (See Figure 19) 

The alternative solution to doors Is 
to eliminate them whenever possible 
from the severely Impacted walls and 
place them In more shielded walls. 

In any case no mall slots or similar 
openings should be allowed in 
exterior doors. 

Flgl.n tl 

Gasketecl door slop 
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Roofs 
Acoustical treatment of roofs Ia not 
usually necessary unless the noise Is 
extremely sevare or the noise source 
Is passing <MW the building. The 
ordinary plaster ceiling should 
provide adequate sound Insulation 
except In extremely sevefe ceses. An 
acoustically weak roof which Is likely 
to require treatment Is the beamed 
celllng.l Beamed ceilings may be 
modified by the addition of a layer of 
fiberglass or some other noi&e 
resistent material. Suspended 
ceilings are the most effective noise 
reducers but they are also the most 
expensive. 

10.E. Biohop one! P.W. Hirtle, "Notea on the 
Soond Transmission Loss of Resloentlal· 
Type Wlndowl one! Doors." Journal of the 
Ac:oust!W Society of America, <13:• (t968). 

'U.S. GYP*'"". Sound Conttcl p 100 
"'bid p t5. 

O<op ber lhrosootd closer 
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Floors 
In the case of highway noise, floool 
would only require acoustical 
treatment If the highway were passing 
under the building. In this case, 
flooflng would have to provide 
protection against structural 
vibrations as well as airborne sound. 

Two ways to Insulate a floor from 
noise are to Install a solld concrete 
slab at least 61nches thick or install a 
floating floor. In general, the floating 
floor gives the greatest amount of 
sound and vibration Insulation; 
however, It Is extremely expensive. 
Basically, a floating floor consists of 
a wood or concrete slab placed over 
the structural slab, but separated by a 
resilient material. The resilient 
material isolates the surface slab 
from the structural slab and the 
surrounding walls. 

What to look for When 
Reviewing Plans 

The number of possible combinations 
of the building materials that go Into 
walls, ceilings, windows and doors is 
no doubt, considerably short ol ' ' 
Infinite. It Is however still a very large 
number,large enough that it would be 
Impossible to compile a list of all the 
possible combinations. Therefore, do 
not expect to find In this section, or 
anywhere else for that matter, a neat 
table showing the STC ratings for all 
the types of construction you may 
encounter. In fact, It Is not really your 
responsibility to determine the 
precise STC ratings for the walls, 
ceilings, windows and doors in the 
projects you review. Your job Is 
simply to review the attenuation 
levels claimed by the 
sponsor/developer and delermill(' 
whether or not they are reasonable. 

To enable you to perform the abow 
desert bed task, we have prepared a 
list of the most common types of 
construction for which we have STC 
ratings. By comparing the type of 
construction proposed to one of 
these "model" types you should be 
able to tell whether the claimed STC 
rating Is reasonable. For example, the 
sponsor/developer submits a 
description ot his building stating 
that a 2 x 6 stud wall with standard 
sheathing, Insulation, wood siding, 
and 112" gypsum board achieves a 
STC rating of 48. You look at Table3 
and find that the closest "model" wall 
Is a 2 x • stud wall with wood siding, 
sheathing, Insulation, and 112" 
gypsum board. This wall has a STC 
rating of 39. An 9 dB difference Is 
quite significant considering that the 
walls are really quite similar. You 
would probably want to go back to the 
developer/sponsor and ask for some 
supporting data that proves that the 
2 x 6 wall he proposes will Indeed 
provide 48 dB of noise attenuation. 

In order to make It easier to review 
the attenuation levels provided by the 
proposed construction, we suggest 
that you ask the developer/sponsor to 
complete a form such as shown In 
Figure 19. Such a form will give you all 
the Information you need in a property 
organized format that will facilitate 
your review. You could fill In the first 
part and simply have the 
developer/sponsor fill out the second 
part and return It with the developer 
cartlflcation or other project 
documents. 
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As you will recall from the previous 
section, most walls provide pretty 
good attenuation by themselves. 11 is 
the presence of windows and doors 
and openings such as vents that 
red~ the attenuation capability of 
the wall. Thus, after you have 
determined whether the basic wall 
Itself has a reasonable STC, you must 
review the Impact of the windows and 
doors. You do this by using Figure 11. 
First you determine the difference 
bat ween the STC ratings for the walt 
and the windows. You enter the 
vertical axts of Figure 17 with that 
number. You read across until you 
Intersect the line that represents the 
percentage of the watt taken up by the 
windows. Then you read down to the 
horizontal axis where you wil find the 
value to be subtracted from the basic 
STC value of the walt. The resulting 
number Is the combined STC value for 
the watt. If the watt also contains a 
door, repeat the same procedure, only 
start out with the modified STC rating 
for the watt. If the wall has doors only 
then obviously you start with the ' 
baste watt STC rating. Finally you 
compare the numbar you have derived 
with that listed by the 
developer/sponsor. If they are talrty 
close, you need not pursue it further. 
If there Is a substantial difference 
you shOUld ask for an exptanation'or 
documentation from the developer. 

Once again, we caution you about 
borderline cases. If the attenuation 
required Is 30 dB and the STC rating 
tor the proposed construction Is 
exactly 30 dB, you may want to ask 
the developer to provide even more 
attenuation. Remember that we 
discussed how the STC rating may 
overstate the actual attenuation 
provided by as much as 3 dB. If an 
additional 3 dB can be achieved at 
minimum cost, we would strongly 
urge that you seek It from the 
developer/sponsor. 

Finally check to make sure the 
developer has provided some form of 
mechanical ventilation. If it's a single 
family house and a whole hOUse fan Is 
the means of ventilation baing 
provided make sure that there are 
operable windows on watts which do 
not face the noise source(s) nor are 
perpendicular to the souroe(s). 
Otherwise the residents wilt have to 
open windows on the el(posed wall, 
thus cancelling out much of the 
attenuation achieved. 
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T-3 
STC Aatlnga lo<T~ 
Bulking Compon•~• • 

Building 
Component 

Frame Wall 

Stucco/Frame 
Wall 

Description 

a. 518" X 10" Redwood Siding 
b. 112" Insulation Board Sheathing 
e. 2 x A atuda 16" o.c. 
d. Fiberglass Building Insulation 
e. 112'' Gypsum Board attached directly to studs 

L 7/8" Stucco 
b. No. 15 felt Building P- and 1" Wire Mesh 
c. 2 X~ Studs 16t! o.c. 
d. Fiberglass Building Insulation 
e. 112" Gypsum Board attached directly to studs 

Briel< Von- Wall a. Feeo Brick 
b. 1/2'' Airspace with metal ties 
c. 314" Insulation Board Sheathing 
d. 2 x 4 Studs 16" o.c. 
e. Fiberglass Building Insulation 
I . 112" Gypsum Board attached directly to studs 

Masonry Wall a. 1" Stucco 
b. 8" thlcl< Hollow Concreto Block 
c. 112" Gypsum Board attached to furring strips 

Windows Wood double hung, closed but unlocked, 
single glazing 

STC Rating 

39dB 

56 

49 
(estimated) 

23 

Aluminum sliding, latched, single glazing 24 

Exterior Doors 

Roof 

Wood double hung, closed but unlocked, 22 
glazed with 7116" Insulating glass 

Aluminum single hung, closed, glazed with 25 
7/16" Insulating glass 

Wood, double hung, sealed, glazed with 35 
7116" Insulating gtass with single 
glazed stonn sash-2 1/8" ._atlon 

Aluminum sliding, closed, si ngle glazed 22 
with single glazed stonn sash, 1/8" separation 

Wood, flush SOlid core, with brass 
weathet stripping 

Wood, flush solid core, plastic weathet 
stripping, aluminum stonn door 

Wood, French door, brass wealhe< 
stripping 

Steel, Uush, wtth urethane foam core, 
with magnetic weothe< stripping 

Shingle Roof with attic, 1/2" gypsum 
wall board ceiling framed Independently 
of roof 

27 

43 
(estimated) 

1 Except as noted, all STC reUngs are from: ACOU$tlcll and ThertrMJ Pttformance ol Ext«ior 
Rt$ldentl•l Walls, Doors •ffd Wlndowa, ,...uonal Buteau ot Starldat'd•. 
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,....,. 
Dts !;lla ;of,.._~......._ 
~·-c:onn-. 

Par11 
~~Name ____________________________________________ _ 

~~-------------------------------------------
5~-------------------------------
Noiae Level (From NAG)------------- Attenuation ReQulrod -------------

Pl1mory Noise Sourco(o) -------------------------------­

Part n 

1. ForWallo(s) lar:lngand I)WIIIMIIO thenoiMoource{s) jOrcioMsl loi)WIII~ 
a. Desalpton ofnl ~ll\IC11on' ------------------------------

b. STC rating tor will (ratod tor no windows or door$~------------------

c. Desaipt~ ol Wlndowa: ---------------------------------

d. STCratlngtorwlndowtype ______________________________ _ 

e. Deocript~ ol doora -------------------------------------

I. STC rating tordoora -----------------------------

g. 1'er1:entJiQo of wilt (pot n l, per dwelling unit) COI11POMd of 

windows *""""'" ------------
h. Combined STC rating lor will component ____________________ _ 

2. For walls perpendicular to noise oouroe(o): 
a. Description ol will conllructton· -----------------

b. STC rating lor will (ratod lor no windows or door$) - -----------
c. Deocript~olwlndows __________________ _ 

c1 STC ratlng lor windows--------------------------------

e. Desa1pt~oldoora _________________________ _ 
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f. STCratlng for door•-------------------
g. Percentage of wall (perwaii,PG<dwelling unit) composed of 

windows anddoo<s _________ _ 

h. Combined STC rating for wall component _____________ _ 

3. Roofing component Qf ove<l>ead attenuation Is required due to alrcrah noise): 
a. Description of roof oonstructlon -----------------

b. STC rating {rated as it no skylights or other openings} _________ _ 

c. Descriptonof skyllghtsoroYefheadwlndows ____________ _ 

d. STC rating for skylights or overhead windows-------------

e. Percentage of root composed ot skylights or windows (per d~llng unit) _ __ _ 

t. Percentage of root composed of large uncapped openings such as chimneys __ _ 

g. Combined STC rating lor roof component--------------

4. Description ol type of mecllanicat ventilation provided __________ _ 

Prepatedby ____________________ _ 

Date: ______________ _ 

•tt walls contain ven1a or similar openlnQ$, attach a de$CtlpUon of duct ....-angement and insu1a.tl0rl and 
a statement of how much the waU STC ts reduotd t7f 1M presence of the vent. 

40 
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Flgo.n 11 
Oesc:rip41on of HolM Al1..,...llon -InS 
lo\COUIIIcal ConotNC1iofll 

Part I 

~tlADt'~ ~-•"'S ~~IName __ ~~~~~~-~~~~P~---------------------

~~~--~AM~~~~~~~~~-----------------------
Iu~. 

NolsoleveiiFrom NAG) ~7L.3""---- Attenuation Required _,.3'-'l)"'"du6;..L __ 
PrimatYNoiseSource<s)-LJHLLili.C.off'-~~M)~AOLV __________________ ___ 

Par111 

1. For Walls (s)lacn>gand poralleltothenoi"? """"""sUotcloMstto.,.,.,lel) 
a Oes<:nptonofwaiiCOfiStruction' ~'-'" &R Pllfljpll> Sdlil!!d, 

.2 v 4 5TUAS ,,~,M:, 3l." Gae-tlfM.s T~>r.ulATtoJI 

b STC rating lor wall jrated lor no wtndOws orcJoors~ _,.J~7~---------­

c. OescrlplionoiWindOws: WOoD l>ou BL!f JuiJ 6. 
' 

0/A" 

d STC rating lor wh1<10w type --~-<_::....!:;_~-----------------
e Description ol doors 

I. STC rating lor doorS _ _,$~~0!.._ _____________________ _ 

g. "-'*''-of waii iDer .au. per dwelling un<t) composed o1 ~ 
windOwS IQ~o anddoors ____ .o;£L-""':c<!~------

h. Combined STC rotlng lor wall compone<>t ____ ~.380::.;d!'o!..6"'---------

2. ForwallaperpenOicular tonoisesource(s~ l"'!'M"' A A 
a. Description of wall construction· ___ _...)~•!!U_!:l.I.._E-.Jtti%JJS~..I.:IJ&..,..vtLt!.'"'----

b. STC rating lor walllrated lor no windows or doors) _ ___:.Z::;_Z'----------

c. Description of windows 

d. STC rattng lor windOwS _ __t!J.::....!!.l::.._ ___________ _ 

e. Description ol cJoors __ LlMu:cl.....liJ;!Jb2lb21Rs='-----------
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f. STCratlngfO<doors_ -------------------

g. Pe<centage of wall (.per wall, per dwelling unit) ca<nposed of 
windows /~9 anddOO<S __ _..:._ _____ _ 

h. CO<nbined STC rating for wall component _ ___ .:.3::..:0=--------

3. Roofing CO<nponent (If overhead attenuation Is r~due to aircraft noise~ 
a. Description of roof coostNCtlon - ----4'Kt.i!J'!--'"'-- ---------

b. STC rating (rated as if no skylights 0< other openings) - ----------

c. Oescriptoo of sl<yllghts a<ove<llead windows-------------

d. STC rating for skylights or OYe<llead windows-------------

e. Percentage ot root CO<nposed ol skylights or windows (per dwelling unit)----

I. Percentage ol root CO<nposed otlarge uncapped openings such as chimneys __ _ 

g. Combined STC rating fa< roof ca<nponent ---------------

4. OescrlptiOO of type of mechanical ventilatiOn provided {! £,q-/-gA L. A tB 

C,.ndd,·ou jl) P 

Pr~edbY --------------------------------------------

Date: ______________ _ 

•tt wails contain vents OJ similar openings, atladl a description oC duct arrangement And insulation and 
a statement oC hOW mUCh the wall STC is reduced by the pcesenoe of the YW~t 
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Quiz on Noise Attenuation 

Questions 

1. What are the three basic ways to 
provide noise attenuation? 
2. What are the responsibilities of 

HUD personnel regarding noise 
attenuation? 
3. When a barrier Is Introduced 

between a source and a receiver the 
sound energy Is redistributed along 3 
indirect paths. What are these three 
paths? 
4. What is "Path Length Difference" 

and how does It affect the attenuation 
level provided by a barrier? 

5. What are "Transmission Loss 
Values?n 

6. How does the transmission loss 
value of barrier material affect the 
attenuation capability of the barrier? 
7. As a general rule, what 

transmission loss values should you 
look for? 
8. If you have more than one barrier 

between the source and the receiver 
Is the amount of attenuation 
Increased substantially? 
9. What are the four things to check 

when reviewing a proposed barrier? 
10. List 3 ways to make a barrier more 
effective withOut increasing Its overall 
height. 

I I. List 3 ways to make a barrier more 
effective without Increasing Its overall 
length. 
12. What Is the maximum percentage 
of the total area of a barrier that can 
be made up of openings without a 
s ignificant loss In barrier 
effectiveness? 
13. Ust 3 site planning techniques 
that are used to shield residential 
developments. 
14. When are parks and playgrounds 
not noise compatible uses that can be 
employed as buffers? 
15. What are the two main things to 
look for when reviewing site plan 
changes? 
16. What are some of the building 
orientations which can aggravate 
noise problems? 
17. What Is the Sound Transmission 
Class (STC) rating? 
18. Which Is better a high STC or a 
low STC rating? 
19. What kinds of conditions were 
STC ratings originally developed for? 
20. What shOuld you do when using 
STC ratings In a transportation noise 
situation? 
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21. List 5 ways to Improve the 
attenuation capability of a wall. 
22. Windows are one of the 
acoustically weakest components In 
a wall. List 3 ways to reduce the 
negative effects of windows. 
23. What is the best way to reduce 
the effect of doors? 
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Quiz on Noise Attenuation 

Answers 

1. a. barriers or benns 
b. site design 
c. acoustical construction 

2. a. to make sure the project 
sponsor/developer Is aware of 
the attenuation requirements 

b. provide sponsor/developer 
with an overview of available 
options 

c. review attenuation proposals 
to make sure they are 
adequate 

3. a. A diffracted path over the top 
of the barrier 

b. A transmitted path through 
the barrier 

c. A reflected path away from the 
receiver 

4. "Path length Difference" is the 
difference In distance that sound 
must travel diffracting over the 
barrier ratherthan passing 
directly through it. Since sound 
energy decreases over distance, 
the greater the path length 
distance the greater the 
attenuation. 

5. "Transmission loss Values" 
represent the amount noise levels 
will be reduced when the sound 
waves pass through a barrier. 

6. Since the attenuation provided by 
a barrier is a function of both the 
sound energy that goes over the 
top and the energy that goes 
through the barrier, if the 
transmission loss value Is low 
then the effectiveness of the 
barrier will be greatly reduced. 

7. If the transmission loss value of 
the barrier material Is at least 
10dB greater than the attenuation 
level provided by diffraction (I.e. 
barrier height) there shouldn't be 
any problem. 

8. No. The combined effect of 
multiple barriers does not 
normally provide significantly 
greater attenuation than a single 
barrier. For design purposes, the 
general procedure is to assume 
the attenuation of the most 
effective barrier. 

9. a Is It high enough? 
b. Is It long enough? 
c. Is it made of the right 

material? 
d. Is It properly constructed? 

10. a move the barrier closer to the 
source 

b. bend the top of the barrier 
towards the source 

c. doboth 

1 1. a move It closer to the receiver 
b. bend the ends toward the 

receiver 
c. doboth 

12. 1 percent 
13. Any 3 of the below: 

a. Increasing the distance 
between the source and the 
receiver 

b. placing noise compatible land 
uses between the source and 
the receiver 

c. locating barrier type buildings 
parallel to the source 

d. orienting residences away 
from the noise 

14. when they are the only ones 
associated with the project 

15. a is the separation between the 
source and receiver great 
enough 

b. If a noise compatible building 
Is being used as a barrier Is It 
tall and long enough? 

16. Building orientations which trap 
noise and cause it to reverberate 
off building walls. This would 
Include shapes where a court is 
open to the source or where a 
series of buildings are arranged 
perpendicular to the source. 

17. The STC rating is equal to the 
number of decibels a sound is 
reduced as It passes through a 
material. 

18. A high STC rating Is better. 
19. The STC ratings were originally 

intended primarily for use with 
Interior partitions and lor noise 
such as speech, radios, 
television. 

20. Recognize that the STC rating 
may overstate the effectiveness 
ot the materials by 2-3db. 
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21. Any of the 9 below: 
a. Increase the mass and 

stiffness of the wall 
b. use cavity partitions 
c. Increase the width of the 

airspace 
d. Increase the spacing between 

studs 
e. use staggered studs 
I. use resilient materials to hold 

the studs and finish materials 
together 

g. use of dissimilar layers 
Qeaves) 

h. add acoustical blankets 
I. seal cracks and edges 

22. Any of the 4 below: 
a. close the windows and 

provide mechanical 
ventilation 

b. reduce window size 
c. Increase glass thickness 
d. Install double glazed windows 

23. Eliminate them I rom severely 
Impacted walls 
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Sound Transmission Class Guidance 
 
Introduction 
 
The Noise Guidebook, pages 33-37, provides an 
elementary discussion of STC, provides some STC 
ratings for common building materials and limited 
exterior and interior wall construction configurations, 
and describes a method to determine composite STC 
value of a wall containing a window or door. This 
update provides for an understanding of STC and 
provides an expanded material and construction 
classification for both internal and external building 
materials and typical construction patterns. 
 
The intent of this chapter is not to endorse anyone 
building manufacturer or product over another but to 
keep HUD Environmental staff and other interested 
persons advised on the STC values of current building 
materials and practices which can be applied to HUD 
supported housing activities. Additional subsections on 
specific types of building materials, construction 
techniques and STC values will be periodically added. 
 
As stated in the Noise Guidebook, “STC is used as a 
measure of a material's ability to reduce sound,” and 
effectively mitigate any adverse noise levels that 
could impede a person's use of a residential or 
commercial structure. The higher the STC value, the 
greater the sound attenuation and presumably the 
quieter the structure's interior. In addition to STC, 
another interior building measuring technique to 
evaluate sound impact or absorption between floors is 
the Impact Isolation Class (IIC). Both techniques will 
be fully discussed after a brief explanation of the 
following basic principals related to sound. 
 
What Is Sound 
 
Sound is indicated in two ways: frequency and 
intensity. Frequency, the high or low pitch of sound, is 
expressed as the number of vibrations or cycles per 
second. One vibration or cycle per second is a hertz 
(Hz). For example on a piano the middle C note has a 
frequency of 262 Hz and the total range of a piano has 
a frequency of 27 Hz to 4186 Hz, well within the 16 to 
20,000 Hz range of the human ear. The sound created 
by the piano is heard by the human ear by air 
pressure created by vibration. The greater the 
pressure, the greater the loudness or intensity of the 
sound heard by the human ear. Loudness is expressed 
in decibels (dB). The decibel is one-tenth of a “Bel,” a 
unit named for Alexander Graham Bell. Since the ear 
is more sensitive to sound in the middle range of 
frequencies, loudness (intensity) is determined at a 
frequency of 1,000 Hz. On the decibel scale, 0 dB 
indicates a level of sound at 1,000 Hz, a sound just 

barely audible to person with normal unimpaired 
hearing. 
 
The A-weighted scale of a sound meter is designed to 
adjust the sensitivity of a sound meter to sounds of 
different frequencies that closely approximate how the 
human ear might respond to moderate sound levels in 
the 1,000 to 4,000 Hz range. The A-weighted sound 
level is used extensively for measuring community 
and transportation noises. 
 
The Sound Transmission Class (STC), measured in 
decibels, is used to measure building material's ability 
to absorb sound. The STC can be used to measure 
sound absorption for both external building walls and 
internal walls in single and multifamily structures. The 
STC is measured by positioning a representative 
sample of the building material midway in an 
acoustical chamber, dividing the chamber in half or 
into two rooms. One section of the chamber contains 
the sound source and the other section the sound 
receiving equipment. The test procedure calls for a 
steady sound in the source room and measuring the 
sound level in both the source and receiving rooms. 
Differences in sound levels in the rooms determines 
the transmission loss characteristics of the material 
tested. For example, if a generated sound level of 80 
dB is measured in the source room and 30 dB is 
measured in the adjacent receiving room, the tested 
material has a sound reduction intensity (STC) of 
5OdB. 
 
The Impact Isolation Class (IIC), measured in 
decibels, is the classification system used to 
determine sound impact from floor to ceiling in a 
structure. The IIC is not to be used to measure 
airborne sound penetration or absorption in walls. The 
IIC numerical rating efficiency increases with 
improved impact isolation performance of the floor 
and its component sub flooring and materials. The 
rating scale values are generally equivalent to the 
airborne sound transmission loss. The impact of steps 
or vibrations on a floor and the reverberation of that 
noise in the room below is dependent upon the type, 
density and thickness of the floor and ceiling material, 
its absorption material, and quality of construction. A 
separate section on common floor materials and 
construction patterns to illustrate both the STC and 
IIC ratings is included. 
 
Sound Reduction In Structures 
 
Four general techniques for controlling noise in single-
family and multifamily structures are: 
1. Elimination of the cause or source of the noise, 
2. Employ materials which absorb sound rather than 

reflect noise, 
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3. Use sound barriers in building layout to prevent 
sound from being transmitted from one adjoining 
area into another, and 

4. Use design considerations to mask or absorb the 
noise. 

 
A description of each technique and its applicability 
follows. 
 
1. ELIMINATION: 
The elimination of a noise source may be impractical 
or impossible to achieve, whether emanating from 
within or outside the structure. Examples include the 
operation of mechanical equipment within the dwelling 
unit, excessive corridor noise, air conditioning/heating 
system, elevators, exhaust fans, and outdoor 
transportation sounds such as automotive traffic, 
aircraft overflights, and commercial or industrial 
activities. Some noise reduction could be achieved 
through sound reduction or absorption techniques, but 
total elimination of these sounds may be impossible. 
 
2. ABSORPTION: 
Sound absorption control is the reduction of sound 
emanating from a source within a room. The extent of 
control depends upon the efficiency of the room's 
surfaces in absorbing rather than reflecting sound 
waves. A surface, which could theoretically absorb 
100% of the sound would have a sound absorption 
coefficient of 1.0. A surface absorbing 35% of the 
sound would have a coefficient of 0.35. The 
effectiveness of wall construction as a means of sound 
absorption is tested in a similar manner as that of 
STC. If a generated sound level of 80 dB is observed 
in one room and 30 dB is measured in an adjacent 
room, the reduction in sound absorption for the 
intervening wall is 50 dB. In choosing the type of 
construction material for interior walls to absorb 
sound transmission, porosity and density of the 
material should be considered. Resistance to sound 
transmission increases with unit weight and decreases 
with porosity. For example, unpainted, open textured 
concrete block exhibits improved resistance to sound 
passage after sealing the surface with plaster or paint. 
The sealing of the pores result in a reduction in the 
sound absorption of the block. In multifamily 
structures using concrete block partitions to separate 
public areas such as stairwells and corridors from 
adjacent living areas, sound transmission reduction is 
achieved through plastering or painting the surface of 
the residential unit or living area on the opposite side 
of the partition. The sound is absorbed by the 
concrete masonry's unpainted side and its 
transmission is prevented into the residential unit or 
living area by the plaster or paint on the other side.  
 
However, all of the design elements that are 
employed to control sound can be nullified through 
poor or improper construction practices. Sound 

leakage will occur through any opening in a wall. An 
improperly fitted door or window is a prime source of 
sound leakage, as well as openings around ducts, 
pipes and electrical outlets which are improperly fitted 
or sealed. 
 
3. SOUND BARRIERS: 
Prudent building layout can be effective in controlling 
noise in single-family and multifamily housing. Sound 
waves can be prevented from being transmitted from 
one adjoining area to another. Closets, stairways and 
corridors can be used as buffers against airborne 
sound transmission between apartments or bedrooms. 
Concrete blocks or solid partitions can be employed to 
separate boiler rooms, air conditioning units, work 
areas or noisy public areas such as stairwells, 
corridors or lobbies from adjacent living areas. 
Partitions designed to absorb sound on one side and 
to retain sound absorption on the other can effectively 
block or reduce sound transmission into living areas 
intended for quiet use. The barrier should have a high 
sound absorption coefficient on one side and an 
equally high sound retention coefficient on the reverse 
side to effective. For example, unpainted porous 
concrete block would have a high sound absorption 
coefficient and a high noise retention coefficient on 
the reverse side if the porous surface in the living unit 
was effectively sealed by plaster or paint. Similarly, 
noise originators such as cloths washing machines, 
central heaters, and other noisy major appliances can 
be placed in a basement or utility rooms that are 
physically isolated from other living areas by walls or 
floors to absorb or block the emitted sounds. 
 
4. DESIGN: 
Design factors is the last major element to consider in 
controlling noise in single-family and multifamily 
structures. Design considerations offer the most 
infinite prospects for controlling noise due to the 
numerous types of building designs. For example, 
adjacent apartments can be arranged to have quiet 
areas (bedrooms or living rooms) abut and have noisy 
areas (kitchens and bathrooms) next to similar noisy 
areas. Apartment door openings into the same 
hallway can be staggered to reduce sound penetration 
into the unit directly across the hall. Since sound 
travels in a straight line, some of the sound from one 
doorway would be absorbed or diffused into the wall 
building material of the unit directly across the hall.  
 
Windows should be placed as far away as possible 
from common walls. The closer the windows are to 
each other, the more sound will pass from one 
apartment to another. Medicine cabinets in opposite 
bathroom partitions should be offset. Cabinets placed 
back-to-back will transmit almost as much noise as an 
opening. Heating/cooling ducts are like speaking 
tubes, carrying noise from one room to another. 
Techniques should be employed to trap or splinter 
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sound or have turns in the ducts to reduce noise 
transference.  
 
Noise producing equipment should be kept as far as 
possible from living areas and especially the 
bedrooms. Flexible connectors should be used to 
couple mechanical equipment to pipes and ducts. 
Pipes and ducts should not be firmly connected to 
parts of a building that could serve as sounding 
boards but be supported by resilient connections to 
solid supports. Where pipes and ducts pass through 
walls and floors, they should be isolated by gaskets. 
The acoustical integrity of a building or a building 
section with an otherwise adequate STC rating can be 
significantly reduced by a small hole or crack in the 
exterior wall or any other path that allows sound to 
bypass the exterior or interior walls and flow into 
other areas of the structure. 
 
Weather and Sound 
 
Air will attenuate noise at high frequencies usually 
from 1,000 Hz upwards. Sound absorption by air 
changes with wind speed, temperature and humidity. 
For example, wind blowing at slower speeds near the 
ground surface than at higher elevations will produce 
a bending of the sound upwards, resulting in less 
noise at ground level. Temperature gradients have a 
similar effect because the velocity of sound increases 
with the higher temperatures. If the temperature is 
higher near the ground than in the upper layers 
(usually the case during the day), the sound waves 
higher above the ground will travel slower and the 
sound will be bent upwards resulting in quieter 
conditions at ground level. The reverse is true at 
night, the temperature is lower near the ground, 
sound will bend towards the ground, increasing noise 
at the ground level. Wind and temperature- gradient 
effects can also account for the occasional freak 
reception of sounds over long distances, especially 
train whistles. The sound has been bent upwards by a 
temperature or wind gradient and after traveling some 
way at high level is bent down again by a reverse 
gradient. 
 
Weather conditions can produce substantial variations 
of as much as +- 10 dB. For example, fog causes an 
increase in the absorption in the air. A moderately 
dense fog, visibility 150 feet, gives extra attenuation 
of 1 to 3 dB per 300 feet, depending on frequency. 
Similarly, snow forms an absorbent layer on the 
ground, which affects ground reflection, thereby 
reducing the sound level. 
 
Weather can also be a significant source of noise in a 
structure. Common irritants are wind and rain. Wind 
whistling around a building, into ventilation grilles, 
screens or past other external architectural or artistic 
features can result in disturbing noise. Similarly, the 

impact of rain on lightweight roofing, gutters or 
skylights can produce high internal noise levels. 
 
STC Ratings for Wall, Floor and Window 
Materials and Assemblies 
 
Appendix A illustrates sound transmission class ratings 
for wall, floor, window and door assemblies. The data 
used in this section is compiled from laboratory 
reports and various technical and trade literature 
publications received by this Office. Each item has an 
assigned STC rating, an accompanying sketch and a 
brief description of its composition or assembly. In 
addition, where possible, an Impact Isolation Class 
(IIC) rating has been assigned to floors to determine 
sound impact from floor to ceiling. Appendix A is a 
guide designed to aid HUD Housing and Environmental 
personal in determining STC values for most common 
housing construction practices and materials used in 
residential construction. The STC information can be 
used to supplement acoustical measurements by 
providing approximate interior noise levels for existing 
or proposed dwellings located in high noise areas by 
deducting the STC value from the exterior noise level. 
The data could also be used to advise HUD clients in 
determining and achieving compliance with the noise 
criteria stated in 24 CFR Part 51 B through the use of 
common construction materials and techniques to 
achieve noise attenuation for new construction and 
rehabilitation. 
 
The appendix is divided into the following subsections: 
1. WALLS 

Exterior 
Interior 

2. FLOORS 
Wood 
Concrete 

3. WINDOWS 
4. DOORS 

Exterior 
Interior 

 
A bibliography of the reports, manufacturer's catalogs, 
technical papers, testing laboratories and other 
publications used in compiling this data is listed in the 
Appendix B. 
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Appendix A 
Walls: Exterior 

STC Ratings 
 
Sketch Brief Description STC 

 

1. 4” face brick, mortared together.  45 

 

1. Hollow core brick, mortared together.  51 

 

1. Common brick, mortared together.  
2. ½” gypsum/sand plaster. 

50 

 

1. Hollow core brick, mortared together. 
2. ½” gypsum/sand plaster. 

53 

 

1. Face brick, mortared together. 
2. 2” air space. 
3. Metal ties. 

50 

 

1. Brick, mortared together.  
2. 2 ¼” cavity filled with concrete grout and #6 bars 

vertically 48”o.c. and #5 bars horizontally 30”o.c. 

59 
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Sketch Brief Description STC 

 

1. Common brick, mortared together. 
2. Face brick, mortared together. 

59 

 

1. Common brick, mortared together. 
2. ¾” mortar-filled cavity with metal Z ties 24”o.c. in 

both directions. 
3. 1x3” furring strips 16”o.c. and nailed vertically into 

mortar joints 12”o.c. 
4. ½” gypsum board nailed 8”o.c. along edges and 

12”o.c. in field. 

53 

 

1. 4x8x16” 3-cell lightweight concrete masonry units 
(17 lbs./block). 

40 

 

1. 4x8x18” 3-cell lightweight concrete masonry units 
(19 lbs./block). 

2. 2” air cavity. 
3. Common brick, mortared together. 

54 

 

1. 4x8x18” 3-cell lightweight concrete masonry units 
(19 lbs./block). 

2. Common brick, mortared together. (brick headers 
after every second course of block to tie the withes 
together). 

51 

 

1. 4x8x18” 3-cell lightweight concrete masonry units 
(19 lbs./block). 

2. Common brick, mortared together. 
3. Resilient channels. 
4. ½” gypsum board screwed to channels. 

56 
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Sketch Brief Description STC 

 

1. 6x8x16” 3-cell lightweight concrete masonry units 
(21 lbs./block). 

44 

 

1. 6x8x16” 3-cell lightweight concrete masonry units 
(21 lbs./block). 

2. Paint both sides with primer-sealer coat and finish 
coat of latex. 

46 

 

1. 6x8x18” 3-cell dense concrete masonry units (36 
lbs./block). 

2. Paint both sides with primer-sealer coat and finish 
coat of latex. 

48 

 

1. 6x8x16” 3-cell lightweight concrete masonry units 
(21 lbs./block). 

2. Paint, primer-sealer coat and finish coat of latex. 
3. Resilient channels, 24”o.c. 
4. ½” gypsum board screwed to channels. 

53 

 

1. 8x8x16” 3-cell lightweight concrete masonry units 
(28 lbs./block). 

45 

 

1. 8x8x18” 3-cell lightweight concrete masonry units 
(34 lbs./block). 

49 
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Sketch Brief Description STC 

 

1. 8x8x18” 3-cell lightweight concrete masonry units 
(38 lbs./block). 

49 

 

1. 8x8x18” 3-cell lightweight concrete masonry units 
(34 lbs./block). 

2. Expanded mineral loose-fill insulation. 

51 

 

1. 8x8x18” 3-cell lightweight concrete masonry units 
(38 lbs./block). 

2. Expanded mineral loose-fill insulation. 

51 

 

1. 8x8x18” 3-cell lightweight concrete masonry units 
(33 lbs./block). 

2. Grout in cells.  
3. #5 bar in each cell. 

48 

 

1. 8x8x18” 3-cell lightweight concrete masonry units 
(33 lbs./block). 

2. Grout in cells. 
3. #5 bar each cell. 
4. Paint two coats flat latex each side. 

55 

 

1. 12x8x16” 3-cell lightweight concrete masonry units 
(43 lbs./block). 

39 
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Sketch Brief Description STC 

 

1. 12x8x16. 3-cell lightweight concrete masonry units 
(43 lbs./block). 

2. Paint both sides with 3 coats of latex block filler. 

50 

 

1. 12x8x16” 3-cell lightweight concrete masonry units 
(43 lbs./block). 

2. Paint one side only with 3 coats latex block filler. 

51 

 

1. 6” cast concrete wall (71 psf).  57 

 

1. 6” cast concrete wall. 
2. “Z” furring channels. 
3. ½” gypsum board. 

59 

 

1. 6” cast concrete wall. 
2. “Z” furring channels. 
3. 1”, 8-pcf rockwool. 
4. ½” gypsum board. 

62 

 

1. 6” cast concrete wall.  
2. 2x2” wood furring. 
3. 1 ½” 4-pcf rockwool. 
4. ½” gypsum board. 

63 
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Sketch Brief Description STC 

 

1. 8” cast concrete wall (96.6 psf).  58 

 

1. 8” cast concrete wall. 
2. 2x2” wood furring. 
3. ½” gypsum board. 

59 

 

1. 8” cast concrete wall.  
2. 2x2” wood furring. 
3. 1 ½”, 4 psf rockwall. 
4. ½” gypsum board. 

63 

 

1. Face brick. 
2. ½” air space, with metal ties. 
3. ¾” insulation board sheathing. 
4. 2x4” studs 16”o.c. 
5. Resilient channel. 
6. ½” gypsum board. 

54 

 

1. Face brick. 
2. ½” air space, with metal ties. 
3. ¾” insulation board sheathing. 
4. 2x4” studs 16”o.c. 
5. Fiberglas building insulation (3 ½”). 
6. Resilient channel. 
7. ½” gypsum board. 

56 
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Sketch Brief Description STC 

 

1. Face brick (9x14’ wall). 
2. ½” air space, with metal ties. 
3. ¾” insulation board sheathing. 
4. 2x4” studs 16”o.c. 
5. Fiberglas building insulation (3 ½”). 
6. Resilient channel. 
7. ½” gypsum board. 
8. Wall penetrated by 6x5' picture window 1” glazed 

insulating glass. 

39 

 

1. 7/8” stucco.  
2. No.15 felt building paper and 1” wire mesh. 
3. 2x4” studs 16”o.c. 
4. Resilient channel. 
5. ½” gypsum board screwed to channel. 

49 

 

1. 7/8” stucco.  
2. No.15 felt building paper and 1” wire mesh. 
3. 2x4” studs 16”o.c. 
4. Fiberglas building insulation (3 ½”). 
5. Resilient channel. 
6. ½” gypsum board screwed to channel. 

57 

 

1. 5/8 x 10” redwood siding. 
2. ½” insulation board sheathing. 
3. 2x4” wood studs 16”o.c. 
4. Resilient channel. 
5. ½” gypsum board screwed to channel. 

43 
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Sketch Brief Description STC 

 

1. 5/8x10” redwood siding. 
2. ½” insulation board sheathing. 
3. 2x4” wood studs 16”o.c. 
4. Fiberglas building insulation (3 ½”). 
5. Resilient channel. 
6. ½” gypsum board screwed to channel. 

47 

 

1. 5/8x10” redwood siding (9x14' wall). 
2. ½” insulation board sheathing.  
3. 2x4” wood studs 16.o.c. 
4. Fiberglas building insulation (3 ½”). 
5. Resilient channel. 
6. ½” gypsum board screwed to channel. 
7.  

a. Wall penetrated by a 6x5' picture window, 1” 
glazed insulating glass. 

b. Wall penetrated by a 6x5' 16 panel window, 
glazed single strength. 

(a.38) 
(b.35) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A-8

733 of 900

733 of 900



WALLS: Interior: Wooden Studs 
Sketch Brief Description STC 

 

1. ½” gypsum board. 
2. 3/16” plywood laminated with contact cement. 

28 

 

1. ½” gypsum board.  
2. ½” wood-fiber board laminated with gypsum joint 

compound. 

30 

 

1. 2x4” studs, 16”o.c. 
2. 5/8” gypsum board screwed to studs. 

28 

 

1. ½” gypsum board, no studs. 
2. 2 ½” air space. 

30 

 

1. ½” gypsum board, no studs. 
2. 2 ½” air space. 
3. 2” thick sound attenuation blanket. 

44 

 

1. ½” gypsum board, no studs. 
2. 3 5/8” air space. 
3. 2” thick sound attenuation blanket. 

45 

 

1. 1 3/8” thick wood-fiber board nailed to 2x4” plates 
top and bottom and painted both sides. 

2. 3 ½” air cavity. 

44 
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Sketch Brief Description STC 

 

1. ½” gypsum board, no studs. 
2. ½” gypsum board laminated to base layer with 

gypsum joint compound. 
3. 3 5/8” air cavity. 
4. 2” thick sound attenuation blanket. 

48 

 

1. 2x4” studs, 16”o.c. 
2. 3/8” gypsum board nailed to studs. 

35 

 

1. 2x4” studs, 16”o.c. 
2. 3/8” gypsum board nailed to studs. 
3. 3” thick sound attenuation blanket. 

41 

 

1. 2x4” studs, 16”o.c. 
2. ½” gypsum board screwed to studs. 

34 

 

1. 2x4” studs, 16”o.c. 
2. ½” gypsum board screwed to studs. 
3. 2” thick sound attenuation blanket. 

37 

 

1. 2x4” studs, 24”o.c. 
2. ½” gypsum board screwed to studs. 

36 
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Sketch Brief Description STC 

 

1. 2x4”studs, 24”o.c. 
2. ½” gypsum board screwed to studs. 
3. 2” thick sound attenuation blanket. 

40 

 

1. 2x4” studs spaced 16”o.c. and staggered 8”o.c. on 
2x6” plates. 

2. ½” gypsum board screwed 12”o.c. 

39 

 

1. 2x4” studs spaced 16”o.c. and staggered 8”o.c. on 
2x6” plates. 

2. ½” gypsum board screwed 12”o.c. 
3. 2 ¼” thick sound attenuation blanket. 

48 

 

1. 2x4” studs spaced 16”o.c. and staggered 8”o.c. on 
2x6” plates. 

2. ½” gypsum board screwed 12”o.c. 
3. 3 ½” thick sound attenuation blanket. 

49 

 

1. 2x4” studs spaced 16”o.c. and staggered 8”o.c. on 
2x6” plates. 

2. ½” gypsum board screwed 12”o.c. 
3. 2 ¼” thick sound attenuation blankets in both stud 

cavities. 

49 

 

1. 2x4” studs spaced 16”o.c. and staggered 8”o.c. on 
2x6” plates. 

2. ½” gypsum board screwed 12”o.c. 
3. 3 ½” thick sound attenuation blankets in both stud 

cavities. 

51 
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Sketch Brief Description STC 

 

1. 2x4” studs spaced 24”o.c. and staggered 12”o.c. on 
2x6” plates. 

2. ½” type X gypsum board screwed 12”o.c. 

42 

 

1. 2x4” studs spaced 24”o.c. and staggered 12”o.c. on 
2x6” plates. 

2. ½” gypsum board screwed to studs. 
3. 2” thick sound attenuation blanket. 

46 

 

1. 2x4” studs spaced 24”o.c. and staggered 12”o.c. on 
2x6” plates. 

2. ½” type X gypsum board screwed 12”o.c. 
3. 2” thick sound attenuation blankets in both stud 

cavities. 

48 

 

1. Double row of 2x4” studs 16”o.c. on separate plates 
spaced 1” apart. 

2. ½” type X gypsum board screwed 12”o.c. 

47 

 

1. Double row of 2x3” studs 16”o.c. on 2x3” plates 
spaced 2 ½” apart. 

2. ½” gypsum board screwed 16”o.c. 
3. 2 ¼” thick sound attenuation blanket. 

55 

 

1. Double row of 2x4” studs 16”o.c. on separate plates 
spaced 1” apart. 

2. ½” type X gypsum board screwed 12”o.c. 
3. 3 ½” thick sound attenuation blanket. 

56 

 
 
 
 
 
 
 
 
 
 
 

A-12

737 of 900

737 of 900



 
Sketch Brief Description STC 

 

1. Double row of 2x4” studs 16”o.c. on separate plates 
spaced 1” apart. 

2. ½” gypsum board screwed 12”o.c. 
3. 2 ¼” thick sound attenuation blankets in both stud 

cavities. 

56 

 

1. Double row of 2x4” studs 16.o.c. on separate plates 
spaced 1” apart. 

2. Double row of 5/8” type X gypsum board screwed 
16.o.c. 

3. 3 ½” thick sound attenuation blankets in both stud 
cavities. 

63 
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WALLS: Interior: Metal Studs 
Sketch Brief Description STC 

 

1. 1 5/8” metal studs, 24”o.c. 
2. 1/2. vinyl-faced gypsum board screwed to studs. 

27 

 

1. 1 5/8” metal studs spaced 24”o.c. and staggered 
12”o.c. on 2 ½” metal tracks. 

2. 1/2” gypsum board screwed to studs. 

34 

 

1. 1 5/8” metal studs, 24”o.c. 
2. 5/8” gypsum board screwed 12”o.c. at edges and 

24”o.c. in field. 

37 

 

1. 1 5/8” metal studs spaced 24”o.c. and staggered 
12”o.c. on 21/2” metal channels. 

2. 5/8” gypsum board screwed to studs. 

38 

 

1. 2 ½” metal studs, 24”o.c.  
2. 1/2” vinyl-faced gypsum board screwed to studs. 

27 

 

1. 2 1/2” metal studs, 24”o.c.  
2. 5/8” gypsum board screwed to studs. 

37 
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Sketch Brief Description STC 

 

1. 2 ½” metal studs, 24”o.c.  
2. 5/8” gypsum board screwed 12”o.c. at edges and 

24”o.c. in field. 
3. 1 ½” thick sound attenuation blanket. 

42 

 

1. 2 ½” metal studs, 24”o.c. 
2. ½” gypsum board screwed to studs. 
3. 2” thick sound attenuation blanket. 

44 

 

1. 3 5/8” metal studs, 24”o.c.  
2. 1/2. gypsum board screwed to studs. 

27 

 

1. 3 5/8” metal studs, 24”o.c.  
2. ½” gypsum board screwed to studs. 

36 

 

1. 3 5/8” metal studs, 24”o.c.  
2. ½” gypsum board screwed to studs. 
3. 2” thick sound attenuation blanket. 

44 
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Floors: Wood 
Sketch Brief Description STC 

(IIC) 

 

1. 2x8” wooden joists, 16”o.c.  
2. 7/8” tongue and groove nailed to joints.  
3. 3/8” gypsum nailed to joints. 

NA 
(32) 

 

1. 2x8” wooden joists, 16”o.c.  
2. ½” plywood nailed.  
3. 25/32” hardwood flooring. 
4. 1/2” gypsum nailed to joists. 
5. Ceiling tire. 

NA 
(37) 

 

1. 2x8” wooden joists, 16”o.c.  
2. 5/8” tongue and groove plywood nailed with 8d 

nails 6”o.c. 
3. 3/8” plywood stapled 3”o.c. at edges and 6”o.c. in 

field. 
4. .075” sheet vinyl. 
5. Resilient channels, 24”o.c. 
6. 5/8” gypsum board screwed 12”o.c. 
7. 3” thick sound attenuation blanket. 

46 
(44) 

 

1. 2x8” wooden joists, 16”o.c.  
2. 5/8” plywood nailed with 8d nails. 
3. ½” nominal wood-fiber board glued to plywood. 
4. 44 oz. carpet on 50 oz. pad. 
5. Resilient channels, 24”o.c. 
6. 5/8” gypsum board screwed 12”o.c. 

48 
(65) 

 

1. 2x8” wooden joists, 16”o.c.  
2. 19/32” tongue and groove plywood nailed with 8d 

nails 6”o.c. at edges and 10”o.c. in field. 
3.  

a. 44 oz. carpet on 40 oz. hair pad.  
b. .075” sheet vinyl. 
c. 1/16” sheet vinyl.  

4. Resilient channels, 24”o.c. 
5. 5/8” gypsum board screwed 12”o.c. 
6. 3” thick sound attenuation blanket. 

48 
 
 
 
 
(a. 69) 
(b. 45) 
(c.43) 
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Sketch Brief Description STC 

(IIC) 

 

1. 2x8” wooden joists, 16”o.c.  
2. 1 1/8” tongue and groove plywood nailed 6”o.c. at 

edges and 16”o.c. in field. 
3. 44 oz. wool carpet on 40 oz. hair pad. 
4. 2x4” ceiling joists, 16”o.c. and staggered between 

floor joists. 
5. 5/8” gypsum board nailed to 2x4” joists. 
6. 3” thick sound attenuation blanket. 

53 
(80) 

 

1. 2x8” wooden joists, 16”o.c.  
2. 1/2” plywood nailed with 8d nails 6”o.c. at edges 

and 16”o.c. in field. 
3. 25/32” wood strip flooring nailed to sub floor. 
4. 2x4” wooden ceiling joists, 16”o.c. and staggered 

between floor joists. 
5. 5/8” gypsum board nailed to 2x4” joists. 
6. 3” thick sound attenuation blanket. 

54 
(45) 

 

1. 2x10” wooden joists, 16”o.c.  
2. 1 11/32” tongue and groove wood-fiber board. 
3. 44 oz. wool carpet on 40 oz. hair pad. 
4. Resilient channels, 24”o.c. 
5. 5/8” gypsum screwed 12”o.c. 

49 
(68) 

 

1. 2x10” wooden joists, 16”o.c.  
2. 19/32” tongue and groove plywood. 
3.  

a. Carpet and pad.  
b. Vinyl tile.  

4. Resilient channels, 24”o.c. 
5. 5/8” gypsum screwed 12”o.c. 
6. 1” thick sound attenuation blanket. 

51 
 
 
 
(a. 74) 
(b.51) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

A-17

742 of 900

742 of 900



Sketch Brief Description STC 
(IIC) 

 

1. 2x10” wooden joists, 16”o.c.  
2. 1 11/32” tongue and groove wood-fiber board. 
3. 40 oz. wool carpet on 80 oz. sponge rubber pad. 
4. Resilient channels, 24”o.c. 
5. 1/2” gypsum board screwed 12”o.c. 
6. 3” thick sound attenuation blanket. 

50 
(72) 

 

1. 2x10” wooden joists, 16”o.c.  
2. 5/8” plywood sub floor glued to joists, nailed with 

8d nails 12”o.c. 
3. ¼” particleboard glued to plywood. 
4. ½” parquet wood flooring glued to particleboard. 
5. ½” type-X gypsum board screwed 12”o.c. 
6. 3” thick sound attenuation blanket. 

43 
(NA) 

 

1. 2x10” wooden joists, 16”o.c.  
2. 5/8” tongue and groove plywood nailed with 8d 

nails 6”o.c. along edges and 10”o.c. in field. 
3. Two layers of 5/8” gypsum board attached with 

screws 12”o.c. to underside of sub floor. 
4.  

a. 44 oz. carpet on 40 oz. hair pad.  
b. 1/16” vinyl asbestos tile.  

5. Resilient channels, 24”o.c. 
6. 5/8” gypsum board screwed 12”o.c. 
7. 3 ½” thick sound attenuation blanket. 

56 
 
 
 
 
 
 
(a. 74) 
(b.50) 

 

1. 2x10” wooden joists, 16”o.c.  
2. 5/8” tongue and groove plywood nailed with 8d 

nails 6”o.c. along edges and 10”o.c. in field. 
3.  

a. 44 oz. carpet on 40 oz. hair pad.  
b.  1/16” vinyl asbestos tile.  

4. 5/8” gypsum board nailed 7”o.c. 
5. Two layers of 5/8” gypsum board suspended by 

wire hangers 5” long in a 2x4' heavy-duty T grid 
ceiling system. 

6. 3 ½” thick sound attenuation blanket. 

49 
 
 
 
 
(a. 68) 
(b.47) 
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Sketch Brief Description STC 

(IIC) 

 

1. 2x8” wooden joists, 16”o.c.  
2. 5/8” tongue and groove plywood nailed to joists 

with 8d nails 6”o.c. at edges and 10”o.c. in field. 
3. 1 5/8” lightweight concrete over 4 mil. polyethylene 

film. 
4. 44 oz. carpet on 40 oz. hair pad. 
5. 5/8” gypsum board nailed to joists. 

47 
(66) 

 

1. 2x8” wooden joists, 16”o.c. 
2. 5/8” tongue and groove plywood nailed to joists 

with 8d nails 6”o.c. at edges and 10”o.c. in field. 
3. 1 5/8” thick lightweight concrete over 4 mil. 

polyethylene film. 
4.  

a. 44 oz. carpet on 40 oz. hair pad.  
b. .075” sheet vinyl.  

5. Resilient channels, 24”o.c. 
6. 5/8” gypsum board screwed 12”o.c. 
7. 3” thick sound attenuation blanket. 

53 
 
 
 
 
 
 
(a. 74) 
(b. 47) 

 

1. 2x10” wooden joists. 16”o.c. 
2. 5/8” plywood nailed to joists. 
3. 3. 1 ½” thick lightweight concrete, 13 psf. 
4. Cushioned vinyl. 
5. Resilient channels, 24”o.c. 
6. 5/8” gypsum board screwed to channels. 
7. 3 ½” thick sound attenuation blanket. 

NA 
(51) 

 

1. Plywood web I-beams 12” deep and 24”o.c.  
2. 3/4” plywood sub floor nailed with 6d nails 6”o.c. at 

edges and 10”o.c. in field. 
3. 1 ½” thick lightweight concrete, 15 psf. 
4. Resilient channels, 24”o.c. 
5. 5/8” gypsum board screwed 12”o.c. 

57 
(NA) 
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Sketch Brief Description STC 

(IIC) 

 

1. Plywood web I-beams 12” deep and 24”o.c.  
2. 3/4” plywood sub floor nailed with 6d nails 6”o.c. at 

edges and 10”o.c. in field. 
3. 1 1/2” thick lightweight concrete, 15 psf. 
4.  

a. 44 oz. carpet on 40 oz. hair pad.  
b. .07” vinyl tile.  

5. Resilient channels, 24.o.c. 
6. 5/8” gypsum board screwed 12”o.c. 
7. 3” thick sound attenuation blanket. 

58 
 
 
 
 
 
(a. 77) 
(b. 50) 

 

1. 2x10” wooden joists, 16”o.c.  
2. 5/8” plywood glued to joists, nailed with 8d nails 

12”o.c. 
3. ¼” particleboard glued to plywood. 
4. ½” fiberboard glued to particleboard. 
5.  

a. 76 oz. carpet on 50 oz. hair pad. 
b. 1/2” parquet wood flooring. 

6. Resilient channels, 24”o.c. 
7. ½” type-X gypsum board screwed 12”o.c. 
8. 3” thick sound attenuation blanket. 

51 
(NA) 

 

1. 2x10” wooden joists, 16”o.c.  
2. 5/8” plywood sub floor nailed with 8d nails 6”o.c. 

along edges, 10”o.c. in field. 
3. 1 1/2” thick lightweight concrete over 15 lb. asphalt 

felt. 
4.  

a. 20 oz. carpet on 40 oz. hair pad. 
b. 1/16” thick vinyl-asbestos tile. 

5. Resilient channels, 24”o.c. 
6. ½” type-X gypsum board screwed 12”o.c. 

56 
(NA) 

 

1. 2x10” wooden joists, 16”o.c.  
2. 5/8” plywood sub floor nailed with 8d nails 6”o.c. 

along edges, 10”o.c. in field. 
3. 1 ½” thick lightweight concrete over 15 lb. asphalt 

felt. 
4.  

a. 20 oz. carpet on 40 oz. hair pad. 
b. 1/16” thick vinyl-asbestos tile. 

5. Resilient channels, 24”o.c. 
6. 5/8” type-X gypsum board screwed 12”o.c. 
7. 3 ½” thick sound attenuation blanket. 

61 
(NA) 
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FLOORS: Concrete 
Sketch Brief Description STC 

(IIC) 

 

1. 4” thick concrete slab, 54 psf.  
 

44 
(25) 

 

1. 6” thick concrete slab, 75 psf.  
 

55 
(34) 

 

1. 6” thick concrete slab.  
2. ½” wood-fiber board glued to concrete.  
3. 44 oz. carpet on 40 oz. hair pad. 

NA 
(81) 

 

1. 6” thick hollow-core concrete panel, 45 psf. 
2.  

a. Carpet and pad.  
b. No floor covering.  

48 
 
(a. 69) 
(b. 23) 

 

1. 8” thick hollow-core concrete panel, 57 psf. 
2.  

a. 66 oz. carpet on 50 oz. hair pad. 
b. No floor covering.  

50 
 
(a. 74) 
(b. 28) 
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Sketch Brief Description STC 

(IIC) 

 

1. 8” thick hollow-core concrete panels, 57 psf.  
2. 1/4” inorganic felt-supported underlayment board, 

.6 psf. 
3. 3/32” vinyl-asbestos tile. 

50 
(51) 

 

1. 3” thick reinforced concrete slab, 35 psf, ceiling 
bare. 

2.  
a. Vinyl asbestos, 0.08” thick. 
b. Wood parquet 1/2” thick. 
c. Soft vinyl tile with foam plastic backing. 
d. Carpet over soft padding, at least ¼” thick. 

45 
 
 
 
(a. 42) 
(b.45) 
(c. 49) 
(d. 70) 

 

1. 3” thick reinforced concrete slab, 35 psf.  
2.  

a. Wood parquet ½” thick. 
b. Soft vinyl tile with foam plastic backing. 
c. Carpet over soft padding, at least ¼” thick. 

3. Resilient furring channels on ½” fiberglass blanket. 
4. ½” gypsum board. 

56 
 
 
(a.51) 
(b. 55) 
(c. 70) 
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Sketch Brief Description STC 
(IIC) 

 

1. 5” thick reinforced concrete slab, 55 psf. ceiling 
bare. 

2.  
a. Wood parquet ½” thick.  
b. Soft vinyl tile with foam plastic backing. 
c. Carpet over soft padding, at least ¼” thick. 

51 
 
 
 
(a. 46) 
(b. 50) 
(c. 70) 

 

1. 5” thick reinforced concrete slab, 55 psf. 
2.  

a. Wood parquet ½” thick. 
b. Soft vinyl tile with foam plastic backing 
c. Carpet over soft padding, at least ¼” thick. 

3. Resilient furring channels on ½” fiberglass blankets. 
4. ½” gypsum board. 

56 
 
 
(a. 51) 
(b. 55) 
(c. 75) 
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WINDOWS 
Sketch 
Front / Cross Section 

Brief Description STC 

 

30x48” aluminum clad casement, two 1/8” panels of 
glass, 13/16” apart in a wood frame. 

29 

 

30x48” aluminum clad casement, one 3/32” panel and 
one 1/8” panel, 13/16” apart in a wood frame. 

31 

 

32x24x24” aluminum double-hung windows (32” wide 
with 24” high upper sash and a 24” high lower sash), 
each sash has one 3/32” panel and one 1/8” panel, 
13/16” apart in a wood frame. 

29 

 

6x5' picture window glazed double strength, single 
panel. 

29 

 

6x5' picture window plus storm sash, glazed double 
strength single panel, 3 ¾” separation between panels. 

38 
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Sketch 
Front / Cross Section 

Brief Description STC 

 

3x5' double hung window, 7/16” glazed insulating 
glass, single panel. 

26 

 

3x5' double hung window, 7/16” glazed insulating 
glass, single panel plus storm sash, glazed single 
strength, single sealed separation between panels: 
upper 1 ½”, lower 2 13/16”. 

35 

 

3x4' awning window, glazed double strength, cranked 
shut. 

24 
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Sketch 
Front / Cross Section 

Brief Description STC 

 

3x4' jalousie window, glazed ¼” glass, 4 ½” wide 
louvers with ½” in overlap, cranked tight shut. 

20 
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DOORS: Exterior 
Sketch 
Front / Cross Section 

Brief Description STC 

 

3x7' hollow-core wood door, 1 ¾” thick.  20 

 

3x7' hollow-core door, 1 3/4”  thick, 30% of area 
glazed with 1/8” glass. 

19 

 

3x7' solid-core wood door, 1 ¾” thick.  27 

 

3x7' steel-faced door, 1 ¾” thick, rigid polyurethane 
core. 

26 

 

3x7' solid-core wood door, 1 ¾” thick plus an 
aluminum storm door, glazed single strength. 

34 
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Sketch 
Front / Cross Section 

Brief Description STC 

 

3x7' wood French door, 12 lights glazed single 
strength, mounted in frame, brass weather strip. 

26 

 

6x6' sliding glass doors, ¾” insulating glass (2 pieces 
1/8” tempered glass), one door opens, other is 
permanent in place. 

28 

 

 
 
*All exterior doors are sealed with a weathering strip around the frame. Interior doors do not have a weather strip and are not flush 
to the floor to permit the installation of a carpet. 
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DOORS: Interior 
Sketch 
Front / Cross Section 

Brief Description STC 

 

3x7' solid-core wood door, 1 ¾” thick, weight 1.5 
lb/ft. 

17 

 

3x7' solid-core wood door, 1 ¾” thick, weight 4.0 
lb/ft. 

20 

 

3x7' hollow-core steel door, 1 ¾” thick, weight 5.0 
lb/ft. 

17 
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Appendix B 
General References 
 
 
Books: 
Acoustical and Thermal Performance of Exterior Residential Walls. Doors and Windows; NBS 
Building Science Series 77, U.S. Department of Commerce/National Bureau of Standards, 1975. 
 
Acoustics Noise and Buildings; Parkin, Humphreys and Cowell; Faber and Faber; London; 1979. 
 
Airborne Sound Transmission Loss, Characteristics of Wood Frame Construction; Fred F. Rudder, Jr.; USDA, 
Forest Service; General Technical Report FPL-43. 
 
Handbook of Architectural Acoustics and Noise Control; Michael Retting; Tab Book; Blue Ridge Summit, Pa.; 
1979. 
 
Quieting: A Practical Guide to Noise Controls; U.S. Department of Commerce/National Bureau of Standards; 
NBS Handbook 119; 1976. 
 
Institutions and Organizations: 
 
Amerada Architectural Glass. 
DeSco Windows. 
Georgia-Pacific. 
Industrial Acoustics Company. 
National Concrete Masonry Association. 
Office of Noise Control; California Department of Health Services. 
Overly Manufacturing Company. 
Paella Products. 
Portland Cement Association. 
U.S. Gypsum Company. 
 
Testing Laboratories: 
 
Cedar Knolls Acoustical Laboratories. 
Geiger and Hamme. 
Kaiser Gypsum. 
Kodaras Acoustical. 
National Institute of Standards and Technology. 
National Research Council of Canada. 
Riberbank Acoustical Laboratories. 
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Foreword 

In choosing amongal1ernative sites for 
housing, potential noise problems are 
prominent among the Issues that must be 
examined. These Noise Assessment 
Guidelines were developed to provide 
HUD field staff, Interested builders, 
developers. and loUt officials with an 
easy-to-use metllod ol evaluating noise 
problems with a minimum ol time and 
effort 

We beloeve that this set of tools woll 
simplify the process of belancing the goal 
of environmental protection with those of 
efficiency and reduced housing costs. We 
hope you wlllllnd them uselul, and invite 
your comments. 

Benjamin F. Bobo 
Acting Assistant Secretary lor 
Polley Developmenland Research 

~~~\~ 
Assistant Secretary for 
Community Planning and 
Development 

47 

Ill 
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IV 

The Department of Houslng and Urban 
Oevolopment, in its eiiOitS to provide decent 
houSing and a suitable IMng env'oor.ment. Is 
c:oncemed wilh noise as a majof aource ol 
8I1YWOill'll8nt polution and has issued St.b­
part B 0t1 Noise Abatement and Control to 
Part S I ol rrtle 24 ol the Code ol Federal 
Regulations. 

The policy established by Subpart B em­
bodies HUO objectives to mal<e the IISSOS$· 

ment of the suitability ol the noise etllliron· 
men1 at a site: (1) easy to par1otm:(2) 
unilonnly appi able to dille<enl noise 
souroes; and (3) as c:onsis1ent as possiJie 
with the assessment policies ol OCher Federal 
departments and agendo$. In furtherance of 
these objectives, the Office ol Polley Devei­
Ojlment and Research has sponsored 
research to provide site analysis techniqoes. 
These Noise Asse$sment Guklelnes do no1 
constltUie established policy o1 the Oepan­
ment but do provide a meh:>dology whose 
use IS eoc:ouraged by HU0 IS being con­
sistent with Its Olljecti-;es. The Guk1ellnes 
provide a means for assessing separately 
the noise produced by airport. highway. and 
railroad operations, as welt as the means for 
aggregating their CCliOOined ellect 0t1 the 
overall ncise environment at a sJte. 

This booklet has been prepared by Bolt 
Beranelt and Newman Inc:., under Coneract 
No. H·2243R for the U.S. Oepanment ol 
Housing and Urban Development. h IS a 
revision of an earlier edition published In 
August 1971 . With the exception ol changes 
made by the Department, the contractor Is 
solely responsible for the &CC~Kacy and 
completeMSS ol the data and lnformabon 
c:ontalned heren. 

48 
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Introduction 

These guidelines are j)feMnted as part ola 
CXlllbnUing effort by the Oepal1rnett ol Hous­
ing and Urban Development to provide 
decent hooslng and a suitable living en­
vironment lor all Americans. 

The procedures described here have been 
de'leloped so that people Wllhout tec:hnicaJ 
tra.nong wll be able 10 assess the exposure o1 
a hoosing s~e to present and luture nolle 
cond~ions. In this context, the she may hold 
only one small building, In which case the 
noise assessment is stralght!orward Larger 
sites may hold larger buildings, Ot many 
buildongs, and the noise level may be dd· 
ferent at different parts ol the s~e (0< build­
Ing). Assessments ol the noise exposure 
shoold be made at representative locations 
around the site where significant nolle is 
expected. These are deslgnaled as "Noose 
Assessment Locations." abb<eviated NAI.In 
the loftowing text. 

The only materials required are a map ot 
the area. a ruler (straight edge), a proerector 
and a penc:l. WOtksheels and WOt1dng 
figures are provided separately. 

All o1 the information you need can be 
easily obtained-usually by telephone. For 
convenience, this lnfoonation is listed at the 
beginning ol each secdon under he«<ings 
that Indicate the most li<ely source. Whole 
you are obtaining this lnformatloo. be sure to 
ask abou1 any approved plans for luture 
changes that may affect noise levels at the 
site - for example: land-use cllanges. 
changes In airpofl runway lraffic. wldenong ol 
roads, and so forth. In d evalualions. you 

2 

should assess the coo oditioo, that w11 have the 
most sevent ()(most lasting eflect on the use 
olthesrta. 

Wherever possible, you shoold try to 
assess noise environments expected at least 
ten years In the luture 

The degree o1 80Cllll)labilil o1 the noose 
environment at a site is delem1ined by the 
outdoor day·nlghl avarege sound level 
(DNL) In decibels (d6). The assessment of 
site acceptabilhy is presented forst as an 
evaluation ol the site's exposure to ltltee 
major aources ol noose - aJrcraft, roadways, 
and reitways. These are then combined to 
assess the total noise at a she. Worl<&heels 
are provided at the back of these Guidelines 
to use In 800'VIlalizing your evaluations. 

The noise environment at a site w11 come 
under one olltltee categories: 
Ac~ (DNL nolexoaeding 65 dec:l· 
bels) The noise exposure may be oi&Otne 
concem but common building construc:tions 
will make the Indoor environment accepUible 
and the outdoor erwiroo oman1 wil be rea· 
sonably pleasant lor recreation and play. 
Normelly Un8c cep Wb1t (DNL above 65 but 
not exceeding 75 decibels) The noise expo­
sure is significantly IT'IOt8 severe; barriers 

may be necessary be!""" the site and 
prominent noise SOUIQII 10 nWce the outdoor 
environment acceptable; special building 
constructions may be necessary to ensure 
that people Indoors are sufficlently protected 
from outdoor noise. 
Un8c cep Wblt (ONL above 75 decibels) The 
noise exposure at the she Is so severe IN! 
the oonstruc:tlon cost to make the Indoor 

50 

noise enwonmenr acoeptable may be pro­
hOIJve and the outdoor enwonment would 
stiH be Unaoceptable. 

WhenmeasuringthedistancetrOtntheslte 
to any noise source, measure from the 
source to the nearest points on the site where 
buitdongs haVIOQ IIOISe-senslllve uses ara 
located These points define the Noise 
Assessment Locations lOt the site. The 
relevant measurement location lOt buildings 
is a point 2 meters (6.5 feet) from the facade 

H at any point during the HS ISS '"" M the 
site's exposure to !'lOlSe is lound 10 be 
Unacceptable Ot Normally Unacceptable, 
every effort should be made 10 Improve the 
cond~ion, e.g .. the location of the proposed 
dwellings can be changed Ot 80<08 sNelding 
can be pnovlded to bloclc the 1'10158 from !hat 
source. 

Where quiet outdoor space os desired at a 
s~e. distances should be measured from the 
Important noise sources to the outdoOt area 
in questiOn and the COiilbio Mid noise expo­
sure should be assessed 

Frequently. the locatoons ol dwellings have 
not yet been 8jl8Cified at the lime t!le noise 
assessment ol a sne Is made. In these 
instances, distances used In the noise 
assessl1'l«1t should be measured as 2 
metets tess then the do$tanCe from the build­
ing setbacl< tine to the major soun:esol noise. 
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Combining Sound ~Awls In Decibels 

The noise environment at a arte Is dele<· 
mined by combining the c:onlrib<Aions of dif· 
le<ent noise sources. In lhe$e Guidelines. 
WOftccharts are provided to estimate the oon­
tribution of aircraft, automobi~. trudc. and 
train noise to the total day·nlght average 
eound level (DNL) at a Site The DNL conlrl­
butions from each source ere·~ In 
decibels and entered on w~ A. The 
c:omboled DNL from all the -Is the 
ONL fo< the Site and Is the value used to 
determine the acceptability 01 the noise 
environment. 

Soond levels in decibels ere not combined 
by simple eddlticnt The following table 
shows how to combine soond le\lels: 

T­
Doft«ence ., 
Sound~ 
0 
1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
12 
14 
16 
grutor lhan 16 

AddiO 
latglr~A* 

30 
2 5 
21 
1.8 
1.5 
1.2 
1.0 
0.8 
08 
0.5 
0.4 
0.3 
02 
01 
0 

Example 1 : In petfooning a s~e evaluation, 
the separate ONL values lor alrpons, road 
traffic, and railroads have been listed on 
WOibheet A as 56, 63, and 61 decibels. In 
O<der to complete the final evaluation of the 
s~e. these separate ONL values must be 
combined. The difference between 63 and 
56 is 7; from the table you lind that 0.8 should 
be added to 63. fo< a sub4oeal ot63 8 The 
dltferenc:e between 63.8 and 61 Is 2.8; from 
the table you intefi)Ofate thatlj)pi'OJdmatefy 
1.9 should be added to 63.8 fo< a total ol65. 7 
0< 66 dB when rounded to whole numbeB. 
This example shows how noise from different 
sources may be Acceptable, indivldually, at a 
she, but when combined, the total noise en­
vironment may exoeed the~ DNL 
lm~ of 65 decit:>M. 

Use the table by first finding the nt.rnef1cal 
difference In IOUnd level betueen two lewle 
being combined. ~ the table with this 
value, lind the value to be added to the larger 
of the two levels, add this value to the larger 
level to determine the total. Where mo<e than 
two,_. erelo be combined, use tne ume 
procedure lo oombine any two leYels; ..., 
use this ~ and wet ibio oe • wltl1 any 
OCher level, and ao on. Ftadional runerical 
val\Ms may be Interpolated from !he table; 
however, the ftnal result should be rounded 
to the nearest whole number. 

51 

3 
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Aircraft 

Necesaary lnfomlatlon 

To eor.Wale a srte's 8JC!)OSUfe to aon:ralt 
noose, you W1ll need to consider a1 8it'pOI1S 
(civil and MIIJiaiY) Within 151111les of !he site. 
The informalion requ~red for lhls evalualion is 
lisled below under headings !hat lndicale !he 
most likely source Before beginning the 
evaluaiiOI'I, you should re<:old the lollowing 
ontormalion on Wofksheel B. 

From the FAA Area Offce or the Mol~aty 
Agency in charge of the airport: 
• Are current DNL or NEF (Noise Exposure 
Forecast) oontours available? Noise oon· 
lours are available for a1rnos1 an mllocary air­
pons. These contOUrs have been '*'at :>pad 
and publiShed as patt olthe Ax lnSialalion 
Compatible Use Zone (AlCUZ) program o1 
the Department of Defense. The ~ours 
are published normally as part ol an AICUZ 
report. Noise oontours are also av8Jiable for 
many cMI airports When available, !hey are 
supenmposed on a map W1lh an apptepri­
ately matl<edscale (see Fogure 1, page 4). 
• Any available lnlormalion abou1 awoved 
plans for runway changes (extensions or new 
runways) 

From the FAA Conlrol Tower or A1rpon 
Operalions (d ONl or NEF coniOurS are­
avaJiable): 
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• The number of nighttime jet operations 
(10 p.m .• 7 am.) 

• The number ol day1Jme J8C operations 
(7 a.m - 10p.m.) 

• The ftoght paths of the major runways. 
• Any available information about expected 

changes in airport ttatflc. e g., will the num· 
ber ol operations increase or decrease in 
the next 10 or 15 yen 

In making your evalualion, use the data lor 
the heaviest air ttaffic oondnion, whether 
present or future. 

EV81uatlon of Site Expoaute 
to Aircraft Noise 

n current ONL (or NEF) ~ours are avaJio 
able (as In Rgure 1 page 4 ), locate the site on 
the map by referring to the marked distance 
scale. II there are no other noise sources In 
llle area you do not oeed to do anythong else 
n there are other noose source$ affecting the 
SOle. you w.lt need 1D hnd 1he poease DNL 

value so you can combine " Wllh the olher 
souroes. Obta1n the DNL at the appropnate 
NAL on the site by intorpcllalion belween !he 

Exomplo ol DNL ConiOU<O Av-1 I 
N 

t 

Tt'Nlusands ol Feel 

o'1 t: 8 

Example 2: The illustration In Figure 1 at the 
lOll ol page 4 shows !he NAL's on a map that 
has DNL oonlours. We hnd that NAL number 
1 lies between the 65 and 70 dB contours and 
that NAL number 21ies outside the 65 dB 
~our. 

WeflndlheDNLatNALnumber 1 by Inter· 
potation from the diStano&$ belween the NAL 
and the 65 and 70 dB oontours. 

By scaling on the map. we lind that the 
dislanoe from the NAl. measured pe!l)ell­

dic:IUtty to the contours, Is 800 feet to the 65 
dB oontour and 2400 feet to the 70 dB con­
tour. The distanc;e belween the 65 and 70 dB 
oontours is 2400 + 800 • 3200 feet We find 
the DNL at the NAL no.mber 1 to be 65 
dec:ibels plus 800/3200 . 5 decibels = 66 3 
dec:ibels. 
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~on either aide of the NAl. ~ NEF 
~are ..-d. -e DNLby eddiog 
35 decibels to the NEF values. ~ that 
contours are usually provided in 5 decibel 
increments. (See Exarnple2onpage4.) 
When supersonic alrcran operaloons are 
present, DNL oontours are required lor the 
assessment. 

H ONl or NEF ~are n« avaiable, 
the ONL at a ""• may be esbmated In aeveral 
drfferent ways: 
• An FAA Handbook (Referenc;e 1) can be 
used to estimate DNL contours for sites in 
general aV181ion airport viciniti8S. General 
a111alion 8JtpOI1S exdude COIIII..,Cial jet 
transportS but may ildude business J8IS 
• A handbool< ev8Jiat*l from EPA (Refer· 
ence 2 a! the back ol this Guide) can be used 
to calculate DNL a1 lndrvidual polnls. 
• A procedure lor constructing approximate 
DNL oontours lor s~es near oonvnerdal jet 

Example 3: The Illustration in Figure 2 at the 
bonom ol page 5 shows an aorport lor which 
ONL or NEF oontours are 001 av111table The 
8Jrport has 10 llighllill& and t 25 dayllme jet 
operations. 

To oonstruct the approximate ~ours. we 
determine the effective number ol operations 
as follows: 

10 (nlghttit'Mi) )( 10 - 100 

Add to this the actual runber ol daylme 
operations 

100 + 125 (daytime) • 225 

To detennlne !he distances A and BIn 
relation to the runway {see Figure 3. page 5), 
en1er the elfec:tJY8 nurrber ol operallona on 
the horizorul scales olthe charts 11'1 FlgiQ 3: 
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altpo<ts without supersoniC am:rallls as 
lolows: 

Oelennone the "effective" no.rnber o1 J81 
operations at the 8lrpon by first multiplying 
the number of nighttime jet operations by 1 0. 

Then add the number of daytime jet opera­
tions to obtain an effective total (see Example 
3, page4) 

On a map olthe area showing the pnndpal 
ruroways, marlt the location olthe site and, 
using the diagram and cnans o1 FigUre 3 on 
page 5, construct approximale ONL com ours 
of 65, 70, and 75 dB for the major runways 
and noght paths most hkely to affecllhe si1e. 
(see Figure 2. pege SJ 

Although a Site may be Accepeable lor 
exposure to aircraft noise. exposure to olller 
sources of noise, when combined w~h the 
aircraft noise. mey make the s~e Unaocept­
able. Therefore, K necessary, values ol air­
craft noise exposure less than 65 d9 can be 
estimated from Table 2. Scale the shortest 

Flgure2 
Exompio of Ajlpn>xl""'le 
DNL c-ourelor on Air­
POrt with 225 EIIK1lve 
.....,_ o1 ()pooelkMIS 

N 
o, 

I 

distance o'from the NAL to the llighl path, as 
In Flgute 2. Scale the dlslanoe o' from the 65 
d8 contour to the fhght path. llMde OZ by 01 

and enter this value Into the follOwing table to 
find the approximate ONL at the NAL 

T-2 

8t DNl .. 
1.00 6li 
1.12 64 
1.26 63 
1.41 62 
1.58 61 
1.78 60 
200 58 
224 58 
2.51 S7 
2.62 58 
316 ss 

--- Runways 
--~ 

Thousands of Feet i - _.NAL 0 S 10 IS 20 

---
- - 3/,000ff----.1 

read up to the DNL curves; read across the 
d'lart to the left to oblain distances A and B 
from the vertical scales on the d'lai1S. 

We find from Flgufe 3,1or example, thai lor 
225 effectiVe operatiOflS, distanoe A IS 4200 
feel for the 65 dB contour and 2000 feet for 
the 75 dB comour. Dislance B is 31.000 feel 
for the 65 dB contour and 11,000 feel for the 
75 dB coniOur. 

Example 4a: The NAL shown In F'ogure 21s 
outside lhe 65 dB comour. The distance OZ 
from lhe NAL to the ftoght path is 9700 feet. 
The distance o• from the 65 d9 cor-.. 10 lhe 
flight path, measured perpendiculatty from 
the contour. is 3700 feet. The ratioo'ID' is 
9700/3700 • 2.62. From Table 2 we find the 
ONL from the airport to be 56.6dB. We do not 
know whether lhe ~e Is AccepCable or not. 
~. sW1ce we must also assess the 
contnbutJon ol roadway and lnlin noise 10 the 
total ONL at the site. 
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Example 4b: We observe that the perpon­
dicufar distance (o') from NAL number 2 
(F"ogure 1) to the noght path is more than 3 
tmes the dcstance (01

) from the 65 dB con­
lOOt' to the ftoght peth. From Table 2 we lind 
that the contributiOn o1 the airport to the DNL 
at NAL number 2 is less than 55 declbels. We 
need not consider the airport further In 
accessing the noise environment at this s~. 

5 

765 of 900

765 of 900



RoadWays 

Nece .. ary lnfonnatton 

To evaluate as~e·s exposure to roadway 
noise, you will need to consider all roads lhal 
might contribute to lt1e ~e·s noise environ­
ment; roads farther away than 1000 feet 
normally may be ignored. 

Before beginning the evaluation, deter· 
mine ij roadway noise predictions already 
exist for roads near the s~e. Also try 10 obtain 
all available lnfonnation about approved 
plans for roadway changes (e.g., widening 
existing roads or building new roads) and 
about expected changes In road traffic (e.g., 
will the traffic on this road Increase or 
decniase In the next 10to 15 years). 

If noise predictions have been made, !hey 
should be available from 11\e City (County) 
Highway 0< Transportation Depar1menl If no~ 
record lhe following infa<mation on page 1 of 
Worksheet C: 
• Thedistanceslromlhe NAL'sla<lhe~eto 
the near edge of the nearesllane and the far 
edge of the farthest lane for each road. 
• Distance to stop signs. 
• Roed gradient, n 2 percenl 0< greater. 
• -Average speed. 
• The total number of automobiles fa< both 
directions during an average 24·hour day. 
Traffic engineers refer to this as AOT, Aver· 
age Daily Traffic (a< sometimes AAOT, 
meaning Annual Average Daily Traffic). 
• The number of trucks during an average 
24-llour day in each direction. 

If possible, separate trud<s into "heavy 
trucks" - those weighing more !han 26,000 
pounds with three or ma<e axles - and 
"medium trud<s"- those between I 0,000 
and 26,000 pounds. (Each medium lruck Is 
counted as equal to 10 automobiles.) Trud<s 
under 10,000 pounds are counted as auto· 
mobiles. Count buses capable of ca..ying 
ma<e than 15 seated passengers as "heavy" 
trucks - others, as "medium" trud<s. If ~is 
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not possible to separate the trud<s Into those 
that are heavy and those that are not, treat all 
trucks as though they are "heavy." 
Note: II the road has a gradient ol2 per· 
cent of more, recO<d the numbers for uphill 
and downhill traffiC separately since lhese 
"gures will be needed later: otherwise, sim· 
ply record the total number of trucks. Most 
often you will have to assume that the uphHI 
and downhill traffic are equahy spin. 
• The fraction of AOT lhat occurs during 
nighttime (I 0 p.m. lo 7 a.m.). lf this Is 
unkllown, assume 0.15 fa< both !rucks and 
autos. 

Eveuatton of Site Expotute 
to Roedw8y Nol .. 

Traffic surveys show that the amount ol 
roadway noise depends on 1t1e percentage of 
trucks In the total traffic volume. To aocount 
for this effect, you must evaluale automobile 
and truck traffic separately and then combine 
the resu~s. 

The noise environmental each site due to 
traffic noise is determined by utilizing a series 
of Worl<chatts to define the contribution ol 
automobiles and trud<s from one 0< 

ma<e roads at that srte. Each noise source 
yields a separate ONL value. 

Worl<chan 1 provides a graph for assess­
ing a srte with respect to the noise from auto­
mobiles, llght and medium trucks: Worl<chan 
2 provides a similar graph for assessment of 
heavy truck noise. These values are com­
bined for each road affecting the noise 
environment at the site to oblafn 1t1e total 
contribution or roadway noise. Remember. 
lhe noise from aircraft and railways must also 
be considered befa<e determining the suit· 
ability of this site's noise environment. 

Effective Distance 

Before proceeding wi1h these separate eval· 

Example 5: The s~e shown In Fl!jUre 4 Is 
exposed to noise from lhree major roads: 
Road No. I haslourlanes,eachl2feetwide, 
and a 30-foot wide median strip whictl 
aocommodates a railroad track. Road No. 2 
has fourlanes, each 12 leet wide. Road No.3 
has six lanes, each 15 feet wide, and a 
median strip 30 feet wide. 

The dlslance from NAL No. I to lt1e near 
edge of Road No. 1 is 300 feet. The distance 
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uatioos, however, determine 1t1e "effective 
distance" to each road from the dwelling O< 

outdoO< residential activity (the NAL's for the 
sne) by averaging the distances to the near­
est edge of the nearest lane and to the farltl­
esl edge of the farthest lane of traffic. (See 
Example 5, page 6, and Figure 4, page 7.) 
Note: For roads wi1h the same number of 
lanes in both directions, the effective dis· 
tance Is the distance 10 lt1e center of the 
roadway (or median strip, if present). 

Automobile Traffic 

Worl<chart 1 was derived wi1h the following 
assumptions: 
• There Is llllfH)f-sigllt exposure from the sne 
to the road; I.e., lhere is no barrlerwhictl 
effectively shields the site from 1t1e noise o1 
the road. 
• There Is no stop sign w~in 600 feet of the 
~e; traffic lights do not oount because lhere 
Is usually traffic moving on one street or 1t1e 
olher. 
• The average automobile traffic speed Is 55 
mph. 
• The nightime portion of ADT •• 0.15, 

If each road meers these lour conditions, 
proceed to Worl<chart I lor the evaluation. 
Enter the horizontal axis wnh 1t1e effective 
distance from the roadway to the NAL; drew a 
vertical line upward from this point. Enter 1t1e 
vertical axis w~ the effective automobile 
AOT: draw a horizontal line across from this 
point. (The "effective" automobile ADT is the 
sum of automobiles, light trucks, and 10 times 
the number ol medium trucks In a 24-hour 
day.) Read the ONL value from Worl<chart I 
wherelhe vertical and horizontal lines Inter· 
sect. Reoord this value in column 16, Work· 
sheet C. 

But: 

II any ollhe lour condrtions Is dfllerent, make 

10 the far edge of Road No. 1 Is 300 feet, plus 
the number of lanes times the lane width, 
plus the width of the median strip. Thus, 1t1e 
distance to the farthest edge of the road Is: 

300 + (4 x 12) =378ft 

The effective distance is 

378 + 300 = 339ft 
2 

This is lhe value to be entered on line1c of 
Worksheet C. The effective distances from 
the appropriate NAL's to Road No.2 and 
Road No. 3 are found by the same methOd. 

The distances shown in Figure 4 will be 
~sed for all roadway examples In lhlsbooidel. 
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FlguN4 
Plin Vlewofii"-11-'"1!-~­
Be -.u""' from tho NoiM A II IM ~ Loca­
tion (NAL) allhe Dwelling -nos! to tho Source 

NOT TO SCALE 
300' 

"oad No. t 
lEffec:tlvt 
011t11n« is 
339FT I 

150' 

Rold No. 2 
(Effttti"ft 
Ottt~ ts 

n• Fn 

210' 

111' 

Rood No, 34---4,.1 
(Effective 
Ottltnet •• 
270 FTI 

t To 
A lfport 

lhe nee 1 s s ary adJu$lmet1ls (on page 2. 
WOIIIslleet C) listed below and then use 
WOII<chart 1 lor lhe final evaluation. 

Flgu .. 5 
U..a!Wori<chm 1 To Ev-~~~ 
TreflfcNoiM 

First, a lew general words about adjl.lst· 
ments as IIley are applied In these Guide­
lines. Each WOO<dlart has been denYed lor a 
basel.ne c:oncfllion wt1lch os often found In 
practical cases. Where conditions diller !tom 
ltle baseline, they are acoounted lor by a ! 
series ol one or more adjustment factors I 

AUTOS (5Smph) 

The adjustment factors are used as nU- l 
tipliers tMnes the aver.ge nunber of vehoc:les l 
operatingdunnga 24-hourday. Hmoretllan j"'•IE::tc 
one adjustment is required, h Is not neces· 
sary that each be mu"lplled times t11e basic f 
traffic now separately; 111 adjustment t.ctO<S f 
are mulbpijed together, and lhem multiplied 
times the original traffic now dala. This will 
become clearer as you examine the WOlle· 
sheets at the back of lhese Guidelines and 

EDmple S: Road No. 1 mee!S the lour condi­
tions thet allow lor an lmmed>ate evaluation. 
In obtaining t11e information necessary tor 
this evaluation, It was found that the auto­
motrile ADT is 18,000 vehicles (Line 5c of 
Worilsheet C). On WOII<chart 1 we~ on 
the wrtiCII scale lhe point~ 
18,000 and on lhe horizontal scale the point 
napresentlng 3391eet (-Figure 5). (Note 
lhat 'N8 must estimate lhe location ollhls 
point.) Using a stralght-«<gewe draw W.IO 
connect these two values and lind that the 
NAl exposure to automobile noise !tom lhis 
road Is a DNL of 58 d8, as read !tom lhe scale 
at the top of the graph. 

Eump1e 7: Road No. 2 has a stop sign at 390 
feet ltom NAL No.2. The automobile ADT Ia 
reported as being 32,500 vehicles (line 5c of 
WOIIIslleetC). From Table 3we Interpolate 
be~n 300 and 400 feet to lind lhe adjust· 
me<'<! facto< lor slllp-and-go tralfic 10 be 0.69. 
The adjo !Sled tra1fic ADT Ia 

0.69 x 32,500 • 22,425 veh/clespMdey 

and with an effective distance ol17 4feet 
1tom NAL No.2, we find !tom WOII<chart 1 
the! the appiOldmate value of DNL is 64 dB. 
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wOIIc t!vough the examples. After you have 
become lamoliar with the Guidelines, you wilt 
be able 10 w011< examples directly !tom the 
wOII<sheets without referring back 10 lhe text. 
To simplify your wOII<, all the adjustment 
factO<& ate summarized at the backof!MM 
GUidebnes. 

Adjuatmenta 10< Automobile Trame 

Stop·and·Go Traffic: 
If there IS a stop sign (not a trallic signal) 
withn soo •-otlhe NAL so that the now of 
traffic os completely inlenvpted on the road 
under COO$Ideratlon. find lhe stop-and-go 
adjustment factor for automobiles !tom 
Table 3 Enter this value in oobm 9 on 
Wori<sheetC 

T-3 
Disla11C8 from NAL 
to Stop Sign 
In Feet 

0 
100 
200 
300 
400 
500 
600 

Avetage T11ffic Speed 

A.-.ot>ile 
Slop-ao'<l-Go 
Aquslment fiiCIO< 
010 
0 25 
0 40 
055 
070 
085 
100 

H lhe average aU!OmObole speed os other then 
55 mph, enter the appropriate acfJUStrnenl 
from Table 4 In COlumn 10 of Wooi<sheet C. 

T-4 

~="SpMd 
20 (mph) 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 

0 13 
0.21 
0.30 
040 
0 53 
0 87 
0 83 
1.00 
1 1~ 
1.40 
182 

EDmple a: 54 rppose that the stop sign on 
Road No. 2 _.e napiaced by a tra1fic elgnaJ 
for which no stop-and-go adjustment is made 
and lhat the ADT increases to 75.000 
vehlcles. In addition. assume that the aver· 
age $peed Ia 45 mph inslead of 55 mph. You 
acljust the ,_ automobile ADT ol75,000 
vehicles by the Auto Speed Adjustment 
Factor from Table 4 

0.67 X 75,000 • 50,250 veh/e/es 

and at an eftectiYe dislanoe ol17 4 feel lind 
ltom WOII<chart 1 !hal the approximate value 
of DNL Ia 67 dB. 

7 

767 of 900

767 of 900



NIQhOmeAd~ 

ONL values 8111 affected by 1he po opoo1ion of 
tralloc volume tnatoocurs during "daytlne" (7 
a.m to 10p.m.) and "rMghttime"(10p.m.ID7 
a.m.). The graph on Woritchart 1 IISSUIT1II$ 

that15 percent of lhe local AOT oo:urs <luring 
nighttime. If e cldferent proportion of lhe traffic 
oocurs at nfgnt, flnclthe appropriate nighttime 
adjustment factor from Table 5. Reoor<l your 
answer In column 1 1 of Worl(sheet C. 

T-5 
NlglmJme 
Ff'8CIIOn 
oiADT 

0 
0.01 
0.02 
oos 
0.10 
0 15 
0.20 
0.25 
030 
035 
040 
045 
0.50 

0.43 
0.46 
0.50 
0.62 
0.81 
1.00 
1.19 
1.38 
1.57 
1.n 
1.96 
2.15 
2.34 

Once you have sele<:tad alllhe appropriate 
adjustment !actors ancl enterad them on 
page 2 of Woritsheet C, multiply alllhe 
factors together, then mu~iply by lhe auto­
mobile ADT (column 12) for 24 hours, louncl 
on page 1 oiWOIItsheetC. Theresu!ting 
ad,ustad AOT sllookl be e<11e<ad in ooUnn 
13 This is 1he ADT value 10 be used, in 
oonjUnCtlon With 1he affeclive distance lrom 
1he NALIO the mad, 10 fincllhe ONL value 
from Woritchart 1. Enter this ONL vaJue in 
column 14 o1 w~ c. Flemerrtle< this os 
1he ONL from automobile (as wea as' light an<! 
me<11um trucl<) noise; you must still fin<llhe 
ONL contribution from heavy truck noise in 
or<ler to obtain lhe local ONL pro<luce<l by the 
roeeway you are assessing. 

Exemple e.: Roacl No. 3 Is a li:Mad aocess 
highway with no stop signs ancllhe average 
speeclls 55 mph. Currer~~ trelfic <!ala lnclicale 
en automobile AOT ol40,000 Y8hicles of 
which 15 pen:ent occurs during 19 iti1• 
holn (10 p m. 10 7 a.m.). With an elfec:INe 
distanoe of 270 teet 10 NAl No. 2. WOIIcchwt 
1 is use<! 10 show tllallhe ONL for existing 
8Uiomollole tralfie is be1\u a en 63 an<! 64 ct8. 
Rouncl oil 10 64 ct8. 
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Allenuallion ol ~by 8anitKs: 

This ldjusl1ner( reduces the noise procluc;ecj 
by automobiles and IIUd<s on 1he same roac1 
lnslructoons for this acljustr'nefll appear after 
the noise assessment for truck traffic below. 

TnH:tc Treflle 

Wherever possible, separate the average 
<!ally volume oltrucl<s Into heavy trucks 
(more than 26,000 pouncls vehicle weight 
ancl three or more axles); medium trucks 
(less than 26,000 pouncls but greater than 
1 0,000 pouncls), liglllrud<s ( OOIJilleCj as if 
IIley 8111IIUIOmOblles) You shoulc! already 
have 8CCOUntad for meclium anclligttt IIUd<s 
in your auiOmoOile evalualion. Do not lotgel 
f>at buses lllat can cany more than 15 seele<:t 
passengtfS are coootad as heavy trucks. 
Heavy ltUCka (indoding buses) must be 
analyzad separelely because lhey have 
qu~e dillerent noise oharacterisllcs. H ~is not 
possible to separate the IIUd<s into those that 
are heavy ancllhose that ara not. treat aw 
!rucks as though they are "heavy." 

Woritchan2, which is used 10 evaluale lhe 
sile's elq)O$Ure to heavy truck noise, was 
<le<ivad whh the following assumptions: 
• There Is llne-ol·sight exposure from lhe sije 

10 the road; I e .. thefe is no barrier which 
effectively shields the ~e lrom the road 
noise 

• The mad grecltent is less than 2 percent. 
• Thereos no tiOP sogn (traffic signals are 

pennisslbie) Wlllw1600 feet ollhe site. 
• The -. truck traffic speecl is 55 mph. 
• The nightttme fnlcllon of ADT is 0.15. 

" 1he road meets 1hese five coo tdi1ioc 1$, 

proceed to Woritchart 2 for an irnme<liata 
evaluation of the sote ·s exposure lo heavy 
lrucl< noise from tnat road. 

But: 
H any of the oon<!ltlons Is <lifferent, make lhe 

Exemple lib: However, lralfie projections 
esllmatelhatln 10 years 1he ADT will 
inaease 10 100,000 Y8hicles at an a.etage 
speecl ol 55 mph and n9111i1 .. usage wit 
inaeaseto 25 peteenL For 1u1tn lraflic.. you 
must adjusllhe future ADT of 100,000for 1he 
effect of increased 19 tlli1• use. From Table 
5, you flnclen acljuslment facb' ol1 .38. The 
adjustad ADT is 

1.38 X t00,000 • 138,000 

and at an effective distance ot 270 teet you 
fond from Woritchart 1 lhallhe DNL will 
Increase 10 69 ct8; lheretore, provision for 
eXIra noise control measures shoul<f be 
explorad. Wewlfl exam<ne in Example 131he 
effect ot te<raln as a shielding barrier that 
provi<les sounc1 aneooation. 
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.-..y ~S) listadbelowand 
than use Woritchart 2 for 1he evaJua1ion. 

floonl. 
U..ofW-21o 
E-HNvyTrud<-
Heavy Truc;q (55 fnllh) 

Adjuatmenta lot Heo!vy Trucks 

Road Gred/ellt: 

"there Is a gradient ol2 percent or more, fincl 
the appropfiate adjUSirnent factor, for heavy 
trucks going uplllll or-ly, as shown in Table 6. 
Ust this lactor In ooUnn 17 of Woritsheet C 

AdjusUnonl 
F"'*>r 

1.4 
1.7 
2.0 
2.3 
2.5 

Exemple 10: Road No. 1 on Fogure 4 meets 
1he four oon<lrtoons thai allow for an imrne­
cliate evatuatoon The ADT for heavy ttuc::k 
llow IS 1200 velltdes WO<I<CI\arl 2 showS that 
the eJCI)OSUre 10 1n.tCk noose from this road at 
an e11ee1tve oostance ot 339leelos a DNL ot 
63 <18 at NAl No I 
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Average Traffic Speed: 

Make this adjustment ff the average speed 
diffetS from 55 mph. If the average truck 
Speed differs with direction, treat the uphill 
and downhill traffic separately. Select the 
appropriate adjustment factors from Table 7 
below, entering them in column t8 of Work· 
sheet C. 

50a<less 0.81 
55 1.00 
60 t .17 
65 t .38 

Once you have found the speed adjust· 
ment factor, you can combine the uphill and 
downhill traffic. For uphill traffic, muftiply the 
gradient factor times the speed adjustment 
factor times uphill traffic vo4ume (truck ADT 
column t9) (assuming one haffthe total 24· 
hour average number ol trucks unless 
specffic information to the contr81)' exlsts), 
entering the product in column 20. MuftipJy 
the speed adjustment factor for downhill 
traffic times the downhill traffic vo4ume (truck 
ADT /2 column 19). Add the values tor uphill 
and downhill traffic., entering this sum In 
column 2t . You may now complete the 
assessment ol heavy !ruck noise without 
regard to uphill and downhill traffic 
separation. 

Stop·and·Go Traffic: 

If there is a stop sign (remember, no1 a traffic 
signal) wilhin 600 feet of an NAL for the s~e 
on the road being assessed. find the adjust· 
ment factordeterminad according to Table B. 
Enter it on Column 22 ol Worksheet C. 

Example 11: Road No. 2 has astopslgn at 
390 feet from NAL No. 2. There is also a road 
gradient of 4 percenL No heavy trucks are 
allowed on this road, but a schedule shows 
an average ol121arge buses pass along the 
road per hour between 7 a.m. and 10 p.m., 
aijhough no buses are scheduled during the 
remaining nighttime period. The buses are 
equally divided In each direction along the 
road. (Remember large buses, those that 
carry over t5 seated passengers, count as 
heavy trucks.) 
We find the AOT for the "heavy b'UCI<s" (the 
buses in this case) by multiplying the average 
number of vehicles per hour by the numberol 
hoursbetween7a.m.and tO p.m. That is, t2 
x 15 = 180, or 90 vehicles in each direction. 
We find from Table 61hat the gradient adjust· 

Tllble8 
Heavy Trucl< 
Traffoe VoUn& 
per Day 
Less lhan 1200 
1201102400 
2401104800 
4801109600 
9601 to 19,200 
More !han 19.200 

tieevy Trud< 
Stop-8fld.Go 
Adjuslmenl Factor 

1.8 
2.0 
2.3 
2.8 
3.8 
4.5 

Nighttime Adjustment 

After all the above adjustments are made, do 
not forget to adjust for nighttime operations ~ 
they are not t5 percent ol the total ADT, 
using the factors obtained from Table 5 just 
as for automobiles. Enter this value in column 
23 of WorkSheet C. 

At this point, muijiply the adjustment fac­
tors for nighttime and stop-and-go traffic 
times the heavy truck traffic volume in 
column 2tto find the adjusted heavy !ruck 
ADT, entering the product in column 24. Usa 
this value and the effective distance from the 
NAL to the road to find the !ruck DNL from 
Workcllart 2, entering your answer in column 
25 of Worksheet C. ~no shielding barriers 
are to be considerad, combine the ONL from 
heavy lf\Jd<s wi1h the DNL from automobiles 
(column 14). The result is the DNL from the 
road being assessed and should be entered 
on Worksheet C. 

But 

ff a shielding barrier is to be considered for 
the s~e. make the analysis described below 
separately for automobiles and then for 
heavy trucks 00/om combining the DNL 
values. This step is necessary since barriers 
are far more effective for automobiles than 
for heavy trucks. Once you have found the 
amount of attenuation provided by the barrier 
for automobiles, enter~ In column t5. Find 
the value of barrier attenuation for heavy 

ment factor for uphill trafficis2.0. We find the 
truck volume adjusted for gradient is 

uphill: 90x 2.0 = 180 
downhill: = 90 
total (column 21) = 270vehicles 

From Table 8, we find the adjustment factor 
for stop-and-go traffic to be 1.8. 

We also reinember that we have no buses 
In the nighttime period and find the factor in 
Table 5 on page 8 for zero nighttime opera· 
tions to be 0.43. 

Our final adjusted ADT is (column 24) 

1.8 X 0.43 X 270 = 209 Vehicles 

From Workcllart 2, w~ an effective distance 
of t74 feet, we find a DNL of 59 ciB. 
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trucks and enter ~ in column 25. Subtract 
these attenuation values from the DNL 
values obtained previously (columns t4 
and 24). enterong the reduced DNL values 
In columns 16 and 27. Combme the 
automobile and heavy truck DNL values, 
reduced by the attenuation provided by the 
barrier. to find the final DNL produced by the 
roadway at the ~e. 

Remember to combine the contributions to 
DNL ol a/1 roadS that affect the noise environ­
ment at each NAL for the ~e to obtain the 
total DNL from all roadways. Enter this DNL 
on both Worksheet C and the summary 
Worksheet A. 

Attenu.tlon of Nolte by Barriers 

Noise barriers are useful for shielding sensi· 
live locations from ground level noise 
sources. For example, a barrier may be the 
best way to deal wi1h housing ~es at Which 
the noise exposure is not acceptable be­
cause of nearby roadway traffic. 

A barrier may be formed by the road pro· 
file, by a solid wall or embankment, by a 
continuous row ol noise-compabble buildings, 
or by the terrain ftseff. To be an eHective 
shield, however, the barrier must block all 
resldential levels from line ot sight to the 
road; ij must not have any gaps that would 
allow noise to leak through. 

Some Praliminary Matters: 

In evaluating noise barrier performance. you 
will be working with different kinds of "dis­
tances" between the sound source, the 
observer, and the barrier. 

Actual Dlat.nc:e - the exisijng distance 
that would be measured uslng a tape mea· 
surew~h no corrections or adjustrnenls. This 
may mean one of two things, depending on 
the application; e~her the: 
• slant distance- the actual distance, 

Example 12a: Road No. 3 is a depressed 
highway and the profile shields all residential 
levels o1 the houslng from line of sight to the 
traffic. The average truck speed is 50 mph. 
The AOT for heavy trucks is 4400 vehides. 
We adtust lor average speed (from Table 7) 

«00x0.81 • 3564 

and find from Worf<chart 2that, w~ an effec· 
live distance of 270 feel, the DNL from truck 
noise would be 69 dB ff no barrier existed. 
We proceed to analyze the barrier 
attenuation. 

9 
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measured along the line of sight between 1wo 
points; or the 
• map distance- the actual distance, 
measured on a horizontal plane, betwoon the 
two points, as on a map or on the project plan. 

For an observer high in an apal1m8nt 
tower, the slant distance to the road may be 
much longer than the map distance. 

Barrier effectiveness Is el<jl(essed in tenns 
of noise attenuatlon In deei:>els (dB), deter· 
mined with the ald of Wor1<cllart 6. This 
numerical value is subtracted from the 
previously calculated ON Lin O<der to lind the 
resultant DNL at the Noise Assessment 
location. 
Note: A nc:Mse barrier can be considered as 
a means of protecting a sfte from nc:Mse even 
ij ~cannot wrap around the sfte to shield 
from view practically all of the source of nc:Mse 
at every sensitive location on the sfte. ft must 
be recognized, however, that such a barrier 
is much less effective than an Ideal barrier. 
(See WOII<chart7 and Step 6 below.) 

Barriers of reasonable height cannot be 
expected to protect housing more than a lew 
stories above ground level. Barriers will 
generally protect the ground and the fi1811wo 
or three lloors, but not the higher floors. " 
there are to be frequently occupied balconies 
on the upper levels, one solutlon is to move 
the building larther from the nc:Mse source and 
lace the sensitive areas away from the noise. 

Steps to Evaluate a Bal'l'llw 

1. For the observer's posftion, use the mid­
height or the highest residential level. For the 
source position, use the following heights 
(see Figure 7): 
• autos, medium trucks, railway cars -the 
road or railway surtace height 
• heavy trucks- 8 feet above the road 
surtace 

10 

• diesel locomotives or trains using horns or 
whistles at grade crossings - 1 5 feet above 
the rails. 

FlguN7. 
Sciun:e Heights to Be 
UMCI In Aoliclw.y-DNigno 
Source 
8' 

Get accurate values for the following 
quantities: h, the shortest distance from the 
barrier top to the line of sight from source to 
observer; A and 0, the slant distances along 
the line of sight from the barrier to the source 
and observer, respectively (see Fogure 8). 

Figura a. 
Genet- Goomeb f 
of Acouetlc81-
oeRIIIVVI: 

l.tH(«Qf•....,. ,..., 
OUUtY£111 TO I<UtCC 

SpecifiCally, AandOarethelwosegments 
into which h breaks the line of sight Note that 
h Is not the height of the barrier above the 
ground but the distance from the barrier top 
to the line of sight. 

Enmpla 12b: (Aeferto Figure 9.) Six stories 
are planned for the housing where the sfte 
ha.S an elevatlonof 130feet. The effective 
elevation for the highest story Is found by 
muhiplying the number or stories by 1 0 reet, 
adding the site elevation, and subtracting 5 
feet. 

(6 • 10/ + 130·- 5 • 1/M; leal 

The barrier, which in this case is formed by 
the road profile: has no "height'' other than 
the elevation of the natural terrain above the 
noise sources traveling on the roadway, The 
important cflmensions are Indicated In 
Figure 9. 
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2. Enter al the top of Wol1<chart 6 with the 
value or h on the left-hand scale; move right 
to Intersect the curve corresponding to A (or 
D. whichever is smaller). 

3. Move down to Intersect the curve corre­
sponding to the value or 0/A (or A/0, which­
ever Is smaller). 

4. Move right to Intersect the vertical scale 1n 
O<der to find the barrier shielding value A In 
decibels. 

5. lnterruptlonof the line or sight with a barrier 
between the noise source and an observer 
reduces the amount or sound attenuation 
provided by the ground. Find the amount of 
this foss B from the table on Workchart 6 by 
entering the table wfth the value of 0/A. Find 
the barrier attenuatlon valueS correspond­
ing to an ideal barrier that completely hides 
the noise source lrom view by subtracting B 
from the value of A ob!ained in Step 4. 

6. " the barrier exists along only a part of the 
road so that unshielded sections of the road 
would be visible rrom the site, the barrier is 
less effective than an Ideal barrier. On a plan 
view of the site.locate the two endS or the 
barrier and cfraw lines from these points to 
the Noise Assessment location. Use a pro­
tractor to measure the angle lorrned at the 
NAL by the 1wo lines. Enter the honzontal 
scale ol Workchart7 with the values ol this 
angle; read up to the curve having the value 
of S determined from Step 5 (Interpolating K 
necessary); read leH across to the vertical 
scale labeled "actual barrier pertormance" to 
find the value of FS to use for the actual 
barrier in question. 

7. Subtract the barrier attenuation valueS (or 
FS H adjusted lor finite barrier length accord­
ing to WOII<chart 7) !rom the value of DNL 
previously detennined to reevaluate the site 
with the noise barrier in place. 

Some people wtth a tech meal background 
will be able to fit the geometric diagram to the 
site sftuation readtly, wod<ing lrom the project 
drawings and a scratch sheet 

But if you are not confident or your geom­
etry, WOII<chart 5 gets you the values orR, 0, 
and h lrom the map distances and elevatlons 
ofthe site. We illustrate that procedure in this 
example. 

First enter the elevations of the source (S), 
the observer (0), and the top of the barrier (H), 
as well as the map distances rrom the barrier 
to the source (A') and observer (0'), at the top 
right or Workchart 5. Then, follOw the steps 
on that WOII<chart to derive the values or h. A, 
and 0 that are needed in using WOII<chart 6. 

Entering Wol1<ch811 6 at the upper left with 
the value ofh (5.5 teet), we move horizontally 
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ELEVATION OF 
SITE, 1:10' 
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ELEVATION OF 
TERRAIN, H • 150' ELEVATION OF ROAO 31S 126' 

SOURCE HEIGHT, S, IS 126' + r • 
133' FOR HEAVY TRUCK 

( " /50 
(' 114' 

I' 5Z 
I'O.If 

I " 
I 
l ' o.tq 
I' 17 
I• S.f. 
I' o./f 
I' 44 I",, 
l' 210 
I" .%tO 

1•:u~ 

&£1! 
J - I' I)'J J • I' 11 
I - I'll) I • I ' 5~ 

I ' 170 
1' 6o 

IT I' ;t1D 1•1' 41·"' I 
1 x I' o.flt 1 • I' o.t>4 1 
I X I'Oo+ I • 1'0.01" I 
I- I'O.(I(ie I • I'O.fH I 
I x I' ~ I • I' It If I 
I -I' II·+ I • 1• t.t. I 
I X I•Afl+ l • l" .f.l' I •• 
I X I• 5-' J . I" '·~ I 
I • I' o.9t.fl· I" 1.1 I 
l•l" f.~ l • l" ':lt I• • 
1·1' ,. 1•1" 2'10 
l• I' D.fUI• t• '-IJ 
1- I" /. o&, I • 1"21~ I ·• 

10 the tight unt1l we "-'the value o1 R Of D, 
whiChever IS smaller: ln lhls example, R = 62 
feel Fromlh81poln1wedropvel1icalydown­
ward unttl we "-I the value ol RID Of D/R, 
~IS smaller: in lhls case, RID = 
0.29 From lhal po1111. moYe holizonlaly to 
lhe nght to find lhe value for A • 9d8. Enlef· 
111g lhe table for delemWiong loss o1 ground 
anenuabOn ellec1 due to the barrier wilh a 
value for 0 / R ol 3.5, the reduction In 
anenuanon (B) is found to be 3 dB. 
Sub$traeting 3 dB from 9 dB provides a net 
anenuallon of 6 dB. Wllh 6 dB of anenualion, 
lhe original ONL of 69 dB (EJ<ample 12a) Is 

reduced 10 63 dB. 

EnmJ* 13:Anallemativeapproach, which 
is sornewhal more direct. is illustrated here 
fOf !he noise olautomoblles on Road No.3. 

A prelomonary step is to make an acx:uralely 
sealed skeu:ll olthe Q8M<lll geome1rt 
onlrodUOed on pege 8. n rnus1 onclude the 
pos.llonS ollhe aouroe (Ills time a1the road 

surface~ the-· and the lllp olt>e 
bamer. and Will Show the dislanOeS h. R. and 
D. Such a slletch Is shown superimpOSed on 
the profile olthe road and its neighbomood 
In Figure 12. 
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F1gure 11 . 
U.. of Woti<dw1 1 to Enluatit­
In Eumplee 1~. 13- 14 

NoloeBemor WOftcehllrt 6 

~ we caralully aca1e the domensions 
dlracJty lrom this skelch, we find lhe lollowing 
values for h, R, and D: 

R• 53feet 

0 • 214 feel 
h =ll feel 

RID=0.3 

The ~ allenUIIIion Is foood, by enlef· 
lng Worlcchart 6 wilh these values, 10 be 
A• 12 dB. n is latj)er lh8n lhal found 
IOf IJUd<s beca•IS8the noise source is lower 
and Is, therefore, bette< shielded by the 
barrier. The loss from ground attenuation Is 
again B • 3d8 fOtanelattenuationof 12· 3 • 

9 dB. In Exemple 9b, we lound 11181 lhe DNL 

11 
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Six Story 
Elevot ions Building 

o = : :~4: ~::::~:::~r.'l,;:ro~"':::::::::::::::::::::::-__ 

'i!~ii~ij 
80 20 40 60 0 100 

Feet 

130'- ,,,, .. 
s = 125' _~ ....... , - --- ..:::=--_-::o' =-2lo·-~=-:=-:-:=-::..:::..:J;~~6o~:r----

D = 214' 
Dimensions Scaled { R = 63, 
from this Sketch h = 11 , 

lor the proleeted tralfoc: volume oft 00,000 
vehiCles per day was 69 dB d no considera· 
toon was gNen 1t1e shielding provided by the 
terra~<~ Sutxractong ll1e 9dB anenuatoon from 
69. we hnd ll1e panoal ONL lor automobiles os 
SO dB 

In order to hnd 111e ccmboned trud< and 
automobol& nocse lor Road No 3, we com· 
bine 111e 63 dB o1 trud< ,_.,With the so dB ol 
automobol& noose using Table 1, We find that 
I .8 should bio added 1o 63 dB, lor a c:ombjned 
ONL ol64.8 dB, or 65 dB when rounded to 
the noarest whole number. 

12 

Example I 4: Where no narural barrier exosts, 
Wort<chan 6 can be used on reverse to esiJ· 
mate the height ol a barroer needed 1o oblaon 
a requored attenuatoon. '"example 9b we 
found that, wottoout any attenuatoon from ter· 
raon or a barner. ll1e auwmobole traffiC pro­
duoc:ed a ONL ol69 dB, and on ExafT4lle t2a 
ll1e heavy trud< tralfoc produced a ONL of 69 
dB When c:omboned, the tolal 0NL os 72 dB 
Suppose tho terraon were no1 risong between 
NAL and Road No 3, as shown on rogure 12, 
but instead was level between the NAL and 
the edge of the road, as shown in Fogure 13. 
We want to find out how high a wall, infinite on 
length, would be required at the edge of tho 
road to reduca the combined true:!< and auto­
mobile noose to less than 65 dB. We have 
lound In the prevoous examples that a barroer 
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of a goven heoght woll provide more attenua· 
toon lor automobolos than~ wofl lor truc:l<s As a 
forst step on our analysos, we woU find the 
height of a waN that w~l reduce !he II'UCk 
noose 10 tuSI below 65 dB. say 64 dB. and u­
lono out whether 111e addoUonal anenuatoon ~ 
prOV1des lor automobde noose wil be suffo· 
aent to redUce !he OOfTlborled trud< and 
automobole noise to less than 65 dB. We 
beg on by hnd<ng the height ol waH thai woU 
provode 5 dB attenuation lor true:!< noise. 

Wo ostomate thatlhe ratoo of RIO is about 
the same as R'/0', the ratoo of horizontal 
dostance In Figure 13, whicll is equal to 0 29. 
Be lore entenr>g Workchart 6, we lind from the 
loss ol ground anenuatoon table that for OtR 

3 4 we willlo$o 3 dB attenuation from an 
Ideal bamer In order to have a net anenua· 
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FJvuro 13. 
Sketch Showing Oimenolono lor Example 14 

190° 0 0 = 185° ....__ 

130° 

~ 

!ton of 5 dB. we must have an Ideal bame< 
that PfQY1deS 5 + 3 ; 8 dB anenuatJon. 

Entenng WO<l<c/lat16 on the tight side 
scale A at 8 deabels, we move across to the 
doagonallones, lindong 0.29 by Interpolating 
between the lines marl<ed at 0 2 and 0 5 
Movong drrectly up to a poont midway between 
the A lines oiSO and 70, we ltnd our est~ 
mated A ol approxmately 60 Moving across 
to the left we fnd that the 1108 ol S!ghl 
between the obserwr and the truck SOU<ce 
height must be brol<en by a value ol h equal 
to 4 Sleet. 

We can determone the height or the wall H 
In several ways. By drawing h• 4.5 feet to 
scale on Figure 13. we can scale the total wall 
hooght H to be approximately 20 feet. Those 
who feel comfortable wi1l1 geometry can 

0 20 40 60 80 100 
I I I I I I I I I I I 

Feet y 

D _____ ___...__ ) 
X 

H IR S = I 25° + 8° = 133° 
125° T 

, 
oo = 210° 

calculate H by usrng the Sltllliar triangle rela· 
tionshops on Fogure 13 to determine that HIs 
19.11eet 

Now we musl find hOw much a wall 19 feet 
hrgh will attenuate automobile noise, 
remembering that the source height for 
automobo!es IS at the road surface elevatJon 
of t 25 feet By scalrng the drawilg. or by 
geometry. we determone thai the line o1 soght 
between the observe< po$Aiion and the auto­
mobo4e source os brol<en by a value ol h tha1os 
approXJmalely t 3 •-Enlering Wort<chart 
6 at13 feet we find, lor R-60 feel and 
R/0; 0 29. that the potential baf!ier attenu· 
abon is t2dB. We must reduce this by 3 dB 
for loss ot ground attenuation to find thjJ 
actual shielding ol automooole noise to be 9 

61 

i 

R' = 60' ~ 

dB The onglflal69 dB ol automobole noose iS 
reduced to 69 • 9 : 60 dB. 

Finally, we combme the hoavy trucl< noise, 
attenuated by the wall to 69 • 5 64 dB, w~h 
the automobile noise reduced to 60 dB. to 
fond a combined ONL of 65.5 dB. or 66 dB 
when rounded upward. R~r. hOw· 
ever. that thos is lor an onlnte waa Further 
ad11J5tments would have 1o be made once the 
actual length was known 

13 
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Rallwaya 

NecesNty lntormetlon 

To evaluate a Site's exposure to railway 
noose. you wil need to consider a1 rapid 
trai\SIIIones and raJiroads within 3000 feet of 
the site (except totally covered subways). 
The Information required for this evaluation is 
listed below under headings that indicate the 
most likely source. 

Before beginning the evaluation, you 
should reooro the fOllowing information on 
Worksheet 0: 

From the area map and/or the (County) 
Englmw: 
• The Oistance from the appropnate NAl on 
the sne 1o the center of the railway track 
canylng most olthe traffic. 

From the SupeNi$or of CusiMief Rel<ltioM 
for the rellway 
• The number of dieseltHuns and the 
number ot electnfied trams 1n boCh directiOns 
dur~ng en ave<age 24·hour day. 
• The fractJOn oltrains that operate dunng 
nighnime ( 10p.m. • 7 a.m.) Hthisisunknown, 
assume 0.15. 
• The averagenumber ofdiesel locomouves 
per train. If this Is unknown. assume 2. 
• The average number of railway cars per 
diesel train and per electrified train. H this is 
unknown, assume 50 lor diesel trains and 8 
for electrified trains. 
• The average tram speed. n this is un­
known, assume 30 ~-
• Is the track made frD<'n welded or bolted 
rails? 

From the Eng~ Depattment of the 
reftway; 
• Is the site near a grade crossing that re­
quires prolonged use of the train's horn or 
wh•sUe? If so. where are the wh1sUe posts 
located? (Whistle posts are Signposts wh1ch 

Example 15a: The distance from NAL num­
ber 1 10 Railway Number 1 is 339 feet Two 
percent of the 35 dally operatiOnS occur at 
night; there IS clear tine ol sight between the 
tracks and the NAL. and no horns or whistles 
are used No onfonnatiOfliS avaJiable on tra.n 
me or speed, therefore we W1ll assune 2 
engtnes per V81n and a speed ol30 ~-

S.nce the percentage o1 nighttime opera· 
11005 ts different frO<'n 15 percent we must 
edfUSI the ac1ual number ol daily operatJonS. 
mult•plylng by 0 SO accord•ng to Table 5. 

0.50x35 • li.S- 18 

Entering Workchan3 with 18 dally opera· 
tions and a distance of 339 feet. we find that 
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tel the eng.- to start blowing the horn or 
whistle. Every grade crOSSing has whistle 
postS and they are losted on the railroad's 
"track charts " H traffiC on the track is one­
way, there woll be only one whistle post. The 
grade crosSing nseH is the other ''Wtustle 
post" 

Electrified rapid transit and commuter trains 
that do not use diesel engines should be 
treated the same as railway cars. 

Note: Bu•ldings closer than 100 leettoa 
railroad track are oHen subject to excessive 
vibration transmitted through the ground. 
ConstructJOn at sucl1 snes IS diSCOUraged. 

Evaluation of Site Exposunt to 
Railway HolM 

Railway noose is produced by the combina­
tion of dleset eng.ne noose and railway car 
noose These Guidelines provide for the 
separate evaluaiJOn ol dl8Sellocomotilles 
and rallroed cars. and then the combination 
of the two, In order to obtain the DNL frD<'n 
trains. When rap;d transit or electrified tra•ns 
lhat do not use diesel engines are the only 
trains passing near a site go directly to the 
seoond pan of the evaluation since these 
tratns are treated In the same manner as 
railway cars. 

Oleaal LocomotlvH 

Workchan3 was denved wrth the lollowing 
assumptiOns 
• A clear line ol SIQht exiStS between the 
raotway track and the Noose AssesSIT8'It 
locatiOO 
• There are two diesel locomotives pertran. 
• The average train speed os 30 mph. 
• Nighn•me operations are 0 15 of the 24-
hcurtotal. 
• The site Is not near a grade crosstng re-

the contnbution of diesel engine noise is a 
ONL of 59 dB (see Figure 14). 

tn order to f•nd the total contnbution olthe 
traonsto lhe total ONL. we must also find the 
noose level produced by the train's cars. 
EntenngWorkchart4 (see F'9"re 15)willl 18 
da•ly operations and a diStance ol339 feet. 
we hnd the ONL IS below 50 on the chart, or 
more than 10 decibels lower than the noose 
level prOduced by the eng•nes. Based on the 
chan for decibel edddlon, the comblna1ion of 
the noise from the eng•nes and the cars 
edds less than 0. S decibels to the ONL valua 
for the engines atooe. 59 dB. 
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qutrlng pob IQed use olthe train's horn or 
whistle 

H the snuatJon rMets ~ coolditioo IS 

proceed to Workchal13 for an immediate 
evaluabon of d1eset locorno~ve noise. 

But. 

If any of the condrtions is different, make the 
necessary adjustments listed below and then 
use Wori<Chan3 for the evaluation. 

Flgu .. 14. 
U.. of Wort<ctwt 3to Evoeu.te DleMI 
l.ocomotJve HolM 

Adjustmenta for OleM4 Loc:omotlves 

Number of LocomOiives: 

tf the average number o1 dl8Sellocomotives 
per train Is not 2. dlVlde the average number 
by 2, Enter this value In column 9 o1 Worl<­
sheet 0. 

Example 15b: Suppose that a forecast of 
tra•n opemt10ns tor Ra11way 1 Indicates 
that there WlllsttM be 35 trains per day, but 
now SO percent of the operalions will occur at 
night, the average lrU1 Will have 4 engns 
and 75 cars. and the average speed Wll be 
50~ 

We flt'$1 find the conlrtlubon 1o ONL made 
by diesel locornotJyes by USing the following 
adJUSimenl factors 
• number ol eng.nes adjustment: 2 
• speed adjUStment: 0.60 
• day/night 8dfUStment: 2.34 

We multiply these adjustments together 
with the number of trains: 

2 X0.60X 2.34 X 35 • 98 

Entenng Wori<Chart 3 (see F'19ure 14) with 
98 daily operations and a distance ol339 
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A-age Trein Speed. 

H the aveta0e lr8Kl speed IS dille<ent 11om 30 
mph, lind the appropnate adjuslrnenl factor 
from Table9 and IISI in column 10oiWOI1<· 
sheet 0 . 

AveragGS~ 
(mph) 

10 
20 
30 
40 
50 
60 
70 

Homs or Whlsttes: 

=-nt Faclor 

3.00 
150 
100 
075 
0.60 
0.50 
0 . .:1 

H the NAllS pe<pet ldoc:ular to arry poonlon the 
l1ad< between the wtliSIIe pos1s tor the 
grade c:roaing, enter the nomber 10 in 
column 11 , Worksheet 0. 

Nighttime Adjustment: 

Remember to adjust for nijjhtime operations, 
» diHerent from 0 t 5 of the total, by selecting 
the appropriate adjustment factor from Table 
5 on page 8 . Enter in column 12. 
Worksheet 0. 
Mu~oply the adJUStment factors together. 

limes the number of diesel trains per day (you 
have lost ad tills nomber previously on line 2a. 
page 1, ol WOIIIsheef 0 , and should enter 
!hiS number.., in coUnn 13) 10 otXain !he 
adJUSiad nomber of fraJnS per day. Er«er the 
adJUSiad number of diesel fraJnS per day in 
column 14 UsethisvaJue,on~IOI'IWIIII 
the distance from the NAlto the trad< (lone 1, 
page 1. of Worksheet 0), to find from WOI1<· 
chart 3the ONL produced by diesel locomo­
tives. Lest in column 15 of Worksheet 0 . 

feet, we find lhetlhe she has an engine noise 
contrl0ut100 to ONL ol66 dB. 

We neiCI obtain the adjustment factors tor 
lhe noose produCed by the cars: 
• number ol cars adjustment 1.50 
• speed edjus1ment: 2. 78 
• dayln/gd ~: 2.34 

Multiplying the adjuslmenl !aciOrS limes 
the average daily number of trains: 

1.5 X 2.78 X 2.34 X 35 = 342 

Entering W011<chart 4 (see F'ogure 15) wilh 
342 operatoons and a distance ol339feet, we 
find the oontributlon of the cars to lhe ONL Is 
60 dB. Using Table I lor combining levels, we 
find that the 6 dB difference between engine 
noise at 66 and car noise at 60 gives a oorn­
bined ONL ol67 dB tor these trains. 

~lway Cata and A4tflld Trwwlt ~ 

WOI1<chart 4 was derived wilh the lollowWlg 
assumptiOnS 
• A Clear lone ol Slght exiSis between the 
rallway and the NAL 
• There are 50 cars per traon. 
• The average train speed Is 30 mph. 
• Noghhlme operations are 0.15 oflhe 24-
hourtotal. 
• Ralls are welded togelher. 

It the situation meets these conditions, 
proceed to Wol'kchart 4 for an immediate 
evaluation of railway car noise. Again. ~any 
ollhe oondrtoons is different, make lhe - · 
sary adjustments IISied below and then use 
WOI1<chart 4 lor the evaluation. 

Flgln15. 
u.. of Wort<c:l\ar1 4 to e.--., c. 
HolM 

Aai--ear.- Rapid Tronsft 

Example 1 e: The distance from NAL n..mber 
2to Railroad Number 2 is 550 feet; there are 
100 operations per day. of which 30 peroent 
oocur at night. A Clear line of sight elCisls 
between lhe Site and lhe rallroad. and no 
horns or whl$lle$ are used neamy. N1 
awrage train on tills trad< uses 4 engines. 
has 100 cars, the average speed is 40 miles 
per hour. and the trade. has bolted, no1 
welded, ralls 

We first lind lhe adjustment factors tor the 
diesel engines: 
• number of engines adjustment: 2 
• speed adjustment: 0.75 
• day/night adjustment: 1.57 

MuHiplylng the adjustments togelher, 
times lhe number oltrains: 

2 X0.75 X 1.57 X 100 • 236 

83 

Adjuatrnent. for ~lway ear. and R.pd 
T111nalt Tr.lna 

Number ol CIIIS: 

DMde the average number of cars by SO and 
enter this number in column 18 of 
W011<chart 0. 

Average Speed: 

Make this adju-~ if the average speed is 
not 30 mph, by se4ecting lhe appropriate 
value from Table t 0, entering rt in column 19 
ol Worksheet 0. 

A...-geSpeed 
(mph) 

10 
20 
30 
40 
50 
60 
70 
60 
90 

100 

BOlted RallS: 

= .... Facu 
011 
0.44 
100 
1.78 
2.78 
4.00 
5.44 
7. 11 
9.00 

11.11 

Enter the number 41n column 20 of W011<· 
sheetO. 

Nighttime Adjustment: 

Enter lhe appropnate adjUStment factor from 
Table 5 on column 21 ol Worksheet 0 . 

Entering WOI1<chart3 (see Figure 14) whh 
236 operations at a diSian<:e ol550 lee~ we 
find the DNL oontribution 11om engine noise 
tobe67dB. 

Nex1 we lind the 8djusVnenl '**>rs lor the 
raJtroad cars· 
• number of catS ~2 
• speed adjust'nent: 1. 78 
• bolted lnld< adjust'nent: 4 
• day/night adjust'nent: 1.57 

Mulllplying the adjusmtnts IOgelher. 
times the number ol trains: 

2 X 1.78 X 4 X 1.57 X 100 • 2236 

Entering WOI1<chart 4 (see F'tgUre 15) wilh 

15 
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RAILWAY N0.2...., 

500' 

goo' 

20' 

DEs~~ 
130' 16 0 

SITE TRACK 
ELEVATION ELEVATION 

2236 operalions at a distance ol 550 feet. we 
find the DNL contnbubon lrom lhe railroad 
cars to be 65 dB. Combining the engine 
sound levels with the car sound levels we fond 
the total DNL from lhe trains to be 69 dB. 

It would be possible to erect a 20-foot noise 
barrier, run111ng parallel to tile treck at a dls· 
lance of SO feet; il could start at Aoed Num­
ber 2 and run 900 fee4 nor1h toward tile..,. 
pan, as shown in F''!jU<II 16. Bolli lhe rairoad 
trad< and lhe ground level at lhe bamet loca­
liOI'I are at an elevation ol160 leet. Thus, we 
have the following valueswolh which 10 calcu· 
late lhe potential reduction in engine noise 
(using WOO<chart5). (Because the distances 
InvolVed are so unequal, this situation does 

16 

not lend rtself to dorect scaling of lhe 
distances) 

H • 180 leer (20' above the ground) 

s = 175feet(l5' abovethetrack,see 
page 19} 

. ;;I 
~~~ 
··~ 'l?t 
3iol 

• . 
" 

0 = 285/eet (from Example II in the SectiOn 
on roadway noise) 

R' = 50/eet 

D' =SOOfeet 

We find from WOO<sheel 5 lhat lhe values 
ol A and D are no dofferenl (within the accu­
racy ol the calculallon) lrom A' and D'. a 
s~uation thai wilt always occur when the 
differences 1n elevation are so much smaller 
than the distances lrom the Site to the noise 
source. The value ol his~ feet; AID a 0.1 

Figure II. 
11M of Wori<c:llar171n Eumplo 11 
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-
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0 

~ I I I ..1.1 

(j• I S•it 
IAUIEI ~~ 
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/ 
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10 

h I -
~ !J. 1--

~ v s 
;) / 

/ 

~ ~ v 
~ 

~ fii::::: 
..... 

1-""1 
20 40 (,IJ 80 100 120 "0 160 180 ?~ 

ANGLE, •; St.alENOEO IY IAU.ICt Af 
OOSElV~t·S LOCAtiON 

We can now use these numbors 10 en1er 
Workchart 6 to find the potentoa/ barrier per­
formance (thai is, the bamer adfustment 
factor that would apply in the case or an in· 
fonltely long barrier). Entering WOO<chart 6 at 
h • 4 feet. With AID = 0.1. we fond the basic 
anenuat100 olthe bamer to be 7 5 dB How­
ever. with D/R = 10, we find from lhe table ol 
loss-ol-ground-effed anenuallon that we 
must subtract4 dB from the 7.5. 0< a n8t 
effect ol3.5 dB. However, the SIIU8tiOtiiS 
even WOBe. since the barrier 1s hnote on 
length 

To find lhe actual attenuation for this linife 
barrier, we must first find the angle sub­
tended by tho bamer to the NAL Relemng 
to Fogure 16. we draw hnes from lhe 
NAL each end of the bamer Woth 
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a protraclor we measure the angle between 
the two Iones to be 77 degrees. Locate the 
curve on Worl<chan 7 oorrespondlng to tho 
potential barrier attenuation of 3.5 dB; it lies 
midway between the two lowest curves (see 
Fogure18). The point on this ClJ(II900<r.,. 
spending to a subCended angle of n degrees 
indocates that the actual bamer pe<formance 
would be crt( 1.5 dB. Woth orly 1 5 dB of 
anenuatoon, the barrier is Cleal1y not cost· 
etrectJve. In order to achieve a usable 
attenuation from the bamer, it would have to 
be extended beyond the other side of Road 
Number 2to obtain a largeo subtended angle. 
This elClension. however, would still not be 
oost-effective unless the height of the bani£,· 

were increased substantially. 
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T.biei 
~In 
Sound~ 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
12 
14 
16 
~lhM1S 

AddiO 
Ulgorl.ewl 

3.0 
2.5 
2.1 
1.8 
1.5 
1.2 
1.0 
0.8 
0.6 
0.5 
0.4 
0.3 
0.2 
0 1 
0. 

Tlble2 DHlo..ldeSSd8~ 
0 1- dlsuonct 110m 85 dB <XJf*>U' 10 ftighl pad1 
o2• dls1ance trom 1111e10 ftighl path 

02 DHl 
01 d8 

1.0 65 
1.12 64 
126 63 
1.4 1 62 
158 61 
1.78 60 
2.00 59 
2.24 58 
251 57 
282 56 
3 16 55 

Automobile Trafllc 

-Stop-and-go 
MJUStment FIICIOr 
0.10 
0.25 
0.40 
0.55 
0.70 
0.85 
1.00 

Tlble4 AverogtTnll!lc:SpMd 

~::"'~ ~Factor 
20 (mph) 0 13 
25 0.21 
30 0.30 
35 0.40 
40 0.53 
45 0.67 
so 0.83 
55 1.00 
60 1.19 
65 1.40 
70 1.62 

18 

0 
0,01 
0.02 
0.05 
0.10 
0.15 
020 
0.25 
0.30 
0.35 
040 
0.~ 
0.50 

Medium Ttuc:b 

0.43 
0.48 
0.50 
0.62 
0.81 
1.00 
1.19 
1.38 
1.57 
1.76 
1.96 
2.15 
2.34 

(1no ._ 26,000pounds. _... .... 
10,000 pounds) 

Multiply ad;Aied-1nltlicby 10. 

Heevy Truc:Q 

Tobie 8 Ro.cl ~ 
~ol 

~ 
FIICIOr 
2 1.4 
3 1.7 
4 20 
5 2.2 
6or'"""' 2.5 

50 or less 
55 
60 
65 

Tobie I Stop- go 
Heavy TN<lk 
Trai!IC: Volume 
perDoy 
letalhM1200 
1201102400 
2401104800 
4801 10 8tiOO 
86011019200 
Mcn-19200 

0.81 
1.00 
1.17 
1.38 

Heavy TN<lk 
Stop-and-Go 
Adjustment FaciO< 

18 
20 
2.3 
2.8 
3.8 
45 

66 

Relit oeda • OleMI EnglnM 

Number of EngiNe per Tl'llln 
The number ol engines divided by 2. 

Table 9 A-.geTrlllnSpMd 

Average Speed ~ 
(mph) Factor 
10 3.00 
20 1.50 
30 1.00 
40 0.75 
50 0.60 
60 0.50 
70 0.43 - "'­~,...,_.,.,..by 10. 

Rellroeda • C... 8nd "-Pkf Tr....tt 
-.of .... 
,...,_ ol ear.,.,"'"-by 50. 

Tlble 10 A-TrlllnSf>Md 

Average Speed .=,.,. 
(mph) FIICUl< 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

0 11 
0.44 
100 
1.78 
2.78 
4.00 
5.44 
7. 11 
9.00 

11.1 1 

Bolead­
~.....-ollrMwby4. -"'­~"""""'"',_by 100 
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Workchart 1 
Autos (55 mph) 

200,000 

.... .. :z: 
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0 

• 4000 
at 
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o( 

2000 
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10 
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Effective Distance (ft) 
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67 
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Wortcchart 2 
Heavy Trucks (55 mph) 

DNL 75 

100,~'! •• 1 80,~ 1 
60, 000 t+i-±ldf±j,j, 
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Workchart 3 
Railroads - Diesel locomotives 
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Workchart4 
Railroads - Cans and Rapid Transit 
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Wor1<chart 5 
Noise Barrier 

Enter lhe values lor: 

To find R, D 8nd h ll'om Site EleY8tlona 
8nd Dtst.nc:es 

H• R'•----

Fll out lhe following ~ 
(al quantities are in feet): 0•----

1. Elevation ol barrier top minus elevation of souroe (H 
2. Elevation ol obselver minus elevalion of soun:e [0 

3. MapdistancebetueeooSOU'Oeand~ (R' + 0') 

4. Map distance between banier and SOIKC8 (R') 

5. Une 2 divided by lone 3 [ 2 

6. Square lhe quantlly on line 5 (i.e .. muHiply ~by ~self); [5 
always posmve 

7 40% olline 6 [ 
8. One minus lone 7 [ 
9. Une 5 times line 4 (Will be negative ~line 21snegatlve) [5 

10. Une 1 minus line 9 [ 1 

11. Une 1011me$1one8 ['0 

12. Une 5 times ltne 10 [5 

13. Llne4 divldled byline 8 [• 
14. Une 13 plus lone 12 [ 13 

15. Line 3 minus lne 4 [3 

16. Une 15divldledbyllne8 ( 15 

17. Line 16mlnusllne 12 ( 16 

) - (S 

) - (S 

(3 

] X [5 

0.4 ] X (6 

1.0 1- F 
) X (4 

1 - (8 

] X [• 

1 X ['0 

1 + [8 

] + [12 

1 [• 

) [8 

1 (12 

~: 11oe ...-on line 2 may be negao.e, in lines 10, 14,1nd 17. llaiiOding a negao.e run-
wl'icto case aowlltoe....,.. onlnas5~. on1 12. beristoe same as~· 
lne 1 may aloo bl o-.goiiYe Romoooboi,..., in x+(-y)=x.y.And~lnega!Mo-11 

... adding: •+w•·y 

71 

- [ 1 ] 

- [2 ] 

(3 ] 

[• ] 

] = [5 

] - [6 ] 

- F ] 

] - [8 ] 

] = [8 

} = (10 

1 = [" ] =h 

) = ( 12 } 

] - (13 1 
] - [" } =R 

) - ['5 

}= (16 1 
] = ['7 ] =o 

Round oft R and 0 ID -lnloOe<. h IDone 
decimal place 

23 
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Workchart6 
Noise Barrier 

24 

ADJUSTMENT TO BARRIEH'\ '\}\.' 1-12 
ATTENUATION FOR LOSS "''\.~'\:'.J'r--.."<+-+-1-+-+-+-41---+--+-l 1 3 

OF GROUND ATTENUATION '\.1\.: 14 

-2- 8 "" '" 15 
LESS THAN 1.3 0 "\ "'" 16 

L3 to 2 .0 -r "\~~" ~" 1-:; 
2.1 to 3.2 -2 '\.1\. ~' 1- 19 
3 .3 1o 5.0 -3 '\ 0 1-

5 .I or more - 4 , .'\. 

'\['\ 20 

72 
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Workchart7 
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f- v 2 

~~ 
~ 
~ ~ ...--

2 

0 w 40 ~ 00100120140 1~ 100200 

ANGLE,a, $~TENDED BY BARRIER AT 
OBSERVER'S LOCATION 

Correction to be applied to banier potential in order to find the actual 
performance of the banier of the same constructio<l b<Jt of finffe 
length. 
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WOI'bhMtA 
Site Evaluation 

Project Name 

Sponoct'aNime 

1 Aoldway Noise 

3~-

vu... ol ONllor .. noise scx.n:es:(--31or 
coml>lnallon ~) 

NomWiy Unacooptallle 

OHl 
p, tdlclocl "" 
()pelatioualn Yoer 

SVMrun----------------------------------------

Clip lhla -lo lhe 1cp of a pac1<age 
c:oolalnlng WOt1csheeiS S.E and Worla:harts 1· 7 
!hal are uHd In lhe sile 81/aluadons 

26 
74 

NoiM ,., II MUIQedt ' W 

City, State 

O.le ----------------
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Ust •• eirpotts within 15 miles ot the ·-e: 
1. 

2. 

3 

1. Are ONL. NEF Q( CNR oon10ura avalloblo? 
(yes/no) 

2 . lvrf ....,.,_,;c air<:raftopano~? 
(yes/no) 

3 Eltimlbng ~..,..,.,.,. ...... F1gln 3· 

• 111.11"boral ~,.. ---

c. eftectiYe ntMI1bef of ope<ebOnl 
(10timesa+b) 

d dislance A lo< 65 d8 

7Sd8 

e dislance B lo< 65 d8 

70d8 

75 d8 

4 &1imaling ONL 1rom Tllble 2 

• dlltance from 65 d8 coniOur 10 
f1ig111 poll. D 1 

b. dlltance 1rom NAL 10 f1igl11 
pelh, o2 

c. o2 divided by 01 

d. ONl 

5. 0peo Olb4 pt<>jeded lo<- ye¥1 

Alrporl1 Alrporl 2 

Signed ------------ -------

75 

-AA __ ,,.,..,. .. Gr IS A-

~-----------------

27 
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llat oA l!lljOf roads within 1000 feet cl tllo llilol 

2. --------------------------------------------------

3. ---------------------------------------------

4. -----------------------------------------------

1. Distance In teet 11om 1he NAt. to 
1he edge ollhe I08d 

.. --
b ,.,._...., 

2. OisW>ce 10 $101) sign 

3 . - g<8die<1t in pe<eent 

• AuiD iiUbles 

b. r..vy lrudcs • ...,. 

c. heavy lrudcs • <lownNit 

5. 24 houraveragenumbef oiiiUIOol-1 
enc~ medium 1ruc1cs 1n boCh direction• cADn 
• • 8Ut0iii00iles 

b. modi.m lrudcs 

c .,_AOT(t + (IO>cb)l 

a. uphHI 

b. downhll 

Roedl Aoed2 _, -4 

78 

~·· .... ~•t'Q~·~·-·nwa• 
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Worttsheet C 
Roadway NoiM 

9 

Page2 

12 
IvAn 
AOT = (line 5c) 

Road No. I ___ x: ___ x._ __ _ X 

Road No. 2 -------~-------X-------• 
Road No.3 ___ x._ ___ x: __ _ X 

Road No. • X • 

Adfu- torHMV)'Trudc Tmnc 

17 18 19 20 21 22 23 
~TNCk S1op Nigi:W· 

Gradient ¥ and-go Tine 
Table6 Table7 TableS TableS 

E 
____ x ____ x ___ 

No.I Add_ X X 

Oowmll ____ x ___ 

F ... ___ x._x ___ 

Add _ X X 

Oowmi. ___ x ___ = 

r 
___ x._x --- = 

Road No. 3 Add--- X X 

Oownlllil ____ x ___ 

E 
___ x ____ x ___ 

No.4 Add --- X X 

Oowmll ____ x ___ 

Combined Aullolo- l HMvyTrudc DNl 

Road No. I Road No. 2 Road No.3 Road No .• 

14 15 16 

ONL Bamof Partial 
(Wor1<chort I) Attenuation ONL 

2. 25 26 
Ad~ ONL 
Ttud< (Work· -AOT chan2) Attn. 

TOIOI ONL lot 
All Road$ 

~--------------------------

77 

27 

Partial 
ONL 
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Lise APP Rai?ways wilhln 3000 fMC of ct>e tile: 

1, 

~---------------------------------------------
3. ________________________________________________ __ 

NM lllllfY "•to! •nlltlou: 

1. ~In Ieee !rom Che NAL co Che railway track: -------- ------- --------

2. Numbo< ollrains In 24 hoo.n· 

b. eloclrified 

3. F-ol operations oa:urlng • night 
(10p.m. - 7a.m.): 

b e4eclnfiedlrains 

7 Ps lradlwelded Of bolted? 

8 Ate-orhoms _..., 
lot ~aosslngs? 

30 
78 

~A·•·--~=~••'~GWr•r~·n .. • 
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... tu•atar DIIMI~• 

Aai~No. 1 

RllweyNo. 2 

RllweyNo.3 

RalwayNo. 1 

~ayNo.2 

RllweyNo.3 

9 10 11 12 13 
No.ol 
~ ~- No.ol Locomod .... ....... - T.-

2 T-9 (-10) T-5 (h~ 

___ x _ _ _ x __ x ___ x __ _ 

___ x ___ x ___ x _ __ x __ _ 

___ x ___ x ___ x ___ x __ _ 

18 -oi<*W 
50 

14 

~ 

___ x ___ x ___ x ___ x ---= _ _ 

____ x _ _ x ___ x __ x __ = __ __ 

____ x _ ___ x x ___ x ___ _ 

Coco able ted ' a : •••• end A.-.., C. ONL 

-II)' No. I - ---- -II)' No.2 ----- ~No.3 ----

~A•.-.. t~IMW44~0WA~dM&I~wa .. 

15 

ONL 
Wotl<clwt3 

·16 17 - Pll1iol 
Alln. ONL 

---·- - --
----·--- --

25 -Aln 

26 -ONL 

- --·----

TOiel DNL foreiiWways ---------
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Chapter& 

A Wotitbook for the Noise 
Assessment Guidelines 

Introduction 

The followlng problems were 
prepared to give you the opportunity 
to pn~etlce the calculations and 
procedures described In the Noise 
Assessment Guidelines. Because It 
Is so rarely used, we have not 
Included any problems dealing with 
the aircraft noise procedure. 

We have not reproduced the 
charts Of tables from the Guidelines 
so you will need to have It at hand to 
do the problems. 

Noise Assessment Guidelines Wotitbook 
ProblerYI$ 

Pl ....... t Through 7: Combining Sound lAwla In Declbole 

Calculate the Combined Soood l.8WI lor the Following Sets of Individual U!wls: 

1. 67 LDN 
61 LDN 

2. 63 LDN 
63 LDN 

__ Combined 
l.8WI 

__ Combined .._ 
4. 82 LDN 

85LDN 
5. 87 LDN 

72 LDN 
_ _ Combined 

l.8WI 
_ _ Combined 

7. 73 LDN 
nLDN 
61 LDN 
87 LDN 
__ Combined 

LIM>! 

LIM>! 

Po tlomo 4 1nd t: ~ ElfeciM Dlo"""'" 
Celcutale the EHectlve Distances tor the Following Aoada: 

8. 

9. 

Dlsw.ce In FMI trom NAL to: 
-Edge of N-t Lane 
Fat Edge of Fattheat Lane 
EHectlve Otatance 

Distance In Feet trom NAL to: 
- Edge ol Nearest Lane 
Fot Edge of Fattheat Lane 
EHectlve Distance 

Po • lo ma to Through t5: Adjuo- F10>10ra 

3. 51 LDN 
8SLDN 
_ _ Combined .._ 

8. 59LDN 
63LDN 
71 LDN 

--~nod 

22FMI 
78Feet 

60 FMI 
84 FMI 

Usl The Adjustment Factors Neceaaaty lor Each olthe Following Sltuatlona and the 
NumO<Ical Value lor Each Adjustment Factor. 

10. A Roadway Whete the Ao6d Goodient Is 1 Yo, the A...-.ge $9eed lor Both Autos end 
Trucka Ia 30 MPH and the Fraction of Nlgllttlrne TraHic Ia 10%. 

AdJustment FactorsN ________________ _ 

Volueol Adjustment Factors: _ ___________ ___ _ 

11. A Roadway Whete There Is A Slop Sign 400 FMI trom the NAL The Gradient is !Yo, 
the Awrage S9eed for Autos Is 45 MPH (There Are No Trucks) and the Fnoctlon of 
Nighttime Traffic Is 15%. 

Adjustment FactorsN ________________ _ 

Value of Adjustment Factors: _______________ _ 

81 
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12. A Roadway Where the Reed Gl'8dlentls 2%, the A....age Sj)80d lor Autos Ia 50 MPH 
and lor TNCka (Both Uphill and DownhiiQ Is 50 MPH and the Frac:tlon of Nlgh111me 
Traffic Is 10%. 

Adjustment Factors Needed; ________________ _ 

Value of Adjustment Factors: ________________ _ 

13. A Railroad Whel'e the Frac:tlon ol Operations Occurring at Night Is 30%, the A­
Train Sj)80d Is .w MPH, the Tract< Ia Bolted and There M No INhlstlo Or Horns 
Required for Grado Crossing$. 

AdjustmentFactorsNee<loct. ____ ____________ _ 

ValuooiAdjustmentFactors: ________________ _ 

1•. A Raliroed Where the Ftaetlon of Operations Occunlng at Nighl ls 5%, the A­
Train Speed Is 10 MPH, the Tracks M Woldod and There M No Whistles Or Horns 
Aequlred lor Grado Crossing. 

Adjustment Fac1ors ~=-----------------

Value of Adjustment Factors: ________________ _ 

15. A Railroad Whel'e the Fraction of Opetollons Occunlng at Night Is 20%, the A­
Train Sj)80d Ia 30 MPH, the Ttaek Is Bolted and No Whistles or Horns"'- Required 
lor G.-Crossings. 

Adjustment Factors Needed: _ _______________ _ 

Value of Adjustment Factors: ________________ _ 

82 
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Pt til ne 11 Tlrough 21: Some IIMic Pt celt tw 

Celeulate the Combined Noise LIMits f« ~of the Following Situations: 

16. A AoedWay Where the distance In Feet from the NAl to the Near Edge of the Nearest 
Lane Is 310 Feet, the Distance to the Fer Edge of theF-t Lane 1$ 358 Feet. 
There Is A Stop Sign o400 Feet from lhe NAL The Gradlenlls 1%. The A­
Number of Automobiles ls17/JOO, lhe 24 Hour A-Number of Medlum Trucl<s Is 
1 ,500, lhe 24 Hour A-Number ol Heovy Trucks Is o400 Total. The Fraction of 
Nighttime Traffic Is 20%. 

The Combined Noise liMit f« This Ao41dway Is _ __________ _ 

17. A Sile Exposed to Noise fr«n Two Roads. FO< Roadway Number 1 lhe Dletance In 
Feet from the NAL to the Near Edge of the Nearesl Lane Is 125 Feel, the Distance to 
the Far Edge of the Farthest Lane Is 233 Feet. There Is A Slop Sign 250 Feet from 
the NAL The Gradient Is 3%. The A-- Speed I« Bolh Autos and Trucks Is 30 
MPH. 

The 24 Hour A-Number of Autos Is 22/)00, the 24 Hour A- Number of 
Medium Tr\ld<s Is 2,000. The 24 Hour A- Number of Heavy Trucks Is 950 Total. 
The Fraction of Nighttime Traffic Is 10%. 

FO< Roadway Number 2, lhe Dlslance 10 lhe Nell Edge of the Neeresl Lane Is 4$ 
FHI, the Distance to lhe Fai Edge oflhe Farthest Lane Is 93 Feet. There Is A Stop 
Sign 100 Feet from the NAL and the Gradient Is 1%. The A-Speed for Bolh 
Autos and Heavy Trucks Is 30 MPH. The 24 Hour A-Number of Automobiles Ia 
14/)00, for Medium Trucks 700, and f« Heovy Trucl<s 900 Total. The Fraction of 
Nlghltlme Traffic Is 20'Yo. 

The Combined Noise liMit forThlsSitels ____________ _ 

18. A Site Exposed lo Noise from Two Rellroads. For Rellroed 1, the Distance In Feet 
from the NAL to the Railway Track Is 150 Feet. There Are 35 Diesel Trains Evert 24 
Hours, No Eleclrifled Trains. The Fraction of Operations Occurr1ng at Night 1$ 25%. 
There Are 3 Diesel L.ocomotl\oes Per Train and 70 C8B Per Train. The A-Speed 
Is 30 MPH and the Track 1$ Bolted. No Whistles Or Horns Are Used. 

For Rallroad 2, the Distance In Feet from the NAL to the Railway Track Is 310 Feet. 
There Ala 20 Diesel and 2 Electrified Trains Each 24 Hours. The Fraction of 
Operations Occurring at Night Is 15%. There Are 2 LocomotiVes Per Diesel Train and 
4$ Qn fO< Each Diesel Train and 15 C8ls Per Electrified Train. The A-Train 
Speed Is 40 MPH and the Track Is Bolted. No Horns Or Whistles Are Used. 

The Combined Noise 1.e11e1 for This Site Is-------------

19. A Site Exposed to Noise from TWo Railroads. For Rellroed 1, the Distance In Feet 
from the NAL IO lhe Railway Track Ia 75 Feet. There Are 34 DieM~ Traina Evert 24 
Hours, No Electrified Trains. Twenty Percent of the Operations Occur al Night There 
Are 5 Locomotives Per Train and 75 car. Per Train. The A-age Train Speed Ia 35 
MPH and the Track Is Welded. No Horns Or Whistles. 

For Railway 2, the DISiance In Feet fr«n the NALIO the Railway Track Is 120 FH1. 
Thera Are 12 Diesel Trains In 24 Hours, No Electrified Trains. T-.ty.flw Percent of 
the Operations Occur at Night. There Ale 4 LocomotiVes Per Train and 40 cars Per 
Train. The ,o,....,age Train Speed Is 20 MPH and the Track Is Bolted. No Horns Or 
Whistles Ale Used. 

The Combined Noise liMII for This Site Ia. -------------

20. A Site Exposed to Noise from Three Roads. For Road 1, the Dis lance In Feet from 
the NAL to the Near Edge of the Noaresl Lane Is 100 Feet, to the Far Edge ol the 
Farthesl Lane, 208 Feet. There Is No Stop Sign and the Gradient Is 1%. The A­
Speed for Autos Ia 55 MPH. (There Ara No Tr\ld<s Allowed On This -~The 24 
Hour A-Number of Autos Is 40/)00. The FractloQ of Nighttime Traffic Is 15'Yo. 

For Road 2, the Distance from the NAL to the Near Edge of the N-t Lane Is 4$ 
Feet, to lhe Far Edge of the Farthest Lane T5 Feet. There Is A Stop Sign ITS Feet 
from the NAL and the Road Gradient Is 4%. The~ Speed for Both Autos and 
Trucl<s Is 40 MPH. The 24 Hour A-Number of Autos Ia 15/)00, fO< Medium 
Trucks 900 and for Heavy Trucks 320 Tolal. The Fraction of Nighttime Traffic Is 20%. 

For Road 3, the Distance from the NAL to the Near Edge of the N-1 Lane Ia 52 
Feet, lo lhe Far Edge of the Farthest Lane 92 Feet. There Ia A Stop Sign 400 Feel 
from the NAL and the Gradient Is 1%. TheA-·Speed for Bolh Autos and Trucl<s 
Is 25 MPH. The 24 Hour A- Number of Autos IS 5/)00, for Medium Trucl<s 1.0S0 
and for Hee.vy Trucl<s 175 Total. The Fraction of Nlghtllme Trafflc Ia 20%. 

The Combined Noise ltM!I forThisSIIela _____________ _ 
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Z1. A Site Expoaecl to Nolse from A Rallmed. The Distance from the NAL to the Railroad 
Is 110 Feet. There Me 30 Diesel Ttall\8 Eveoy 24 Hours, No Eleclrlfled Trains. T_,ty 
Percent of the Operations Occur at Night. There Are 3 L.oc:omottves Pe< Train and 50 
cars Pe< Train. The A- Train S~ Is 30 MPH, tho Track Is Bolted and There Is 
A Grade Crossing Whate Horns and Whistles Me Used 100 Feet from tho NAL 

The Combined Noise l8vel at This Site Is _ ___________ _ 

Pi- 22 Thro<lgh 24: S.men- ldentllyt"V the V•l- lor H, R, R', D and 0 ' 

Identity the Values lor H, R, R', 0 and 0 ' lor Each of the Following Barrle<S: 

22. 

I 
l.-30·- ....... -------150'--------' 

H: ---A= --- A'= ___ D= ___ andO' = ---

70' 50' 

H: A: A'= D= and D' = 

Barrie< 40' 10 ' 170' 90' 70 ' 
Highest Polnt of Hill 30' 150 ' 8 ' 50' 

40' 

24. 

6 1' 52' 

Cl Cl 

I 
60 ' 50' 

H= A= • A' 10: andD' 

84 
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ro 7 7 ow 25 ,_.. 27:-c*'' loow Ulino ~It lllld 7. 

Using Wcrtcn.rts 6 ard 7 Only,~~ the Noise AtlllnUalion PnMdod by lhe 
a.m.. mustrated In ~ 22llvough 24. Add?tlonal Deta on the Angles 
S..btendod by the Ends of the ~ ard ?he NAL fO< Each Location Is ProYided. 

25. Celculate the Noise Allenuatlon Provided by the Batrler Described In Problem 22. The 
Angle S..blendod by the Ends of ?he a.n1er end the NAL I$ 150 ~-

The NoiMAIIenua?ion ProYidedls _____________ Declbels. 

26. Celcutato the Nolae Altenuotion PnMdod by lhe Barrier Deocrlbod In Problom 23. The 
Anglo Sublendod by the E-oi!IW a..ler ..-.:1 lhe NAL 1$ 90 o.-
TheNoiMAitenuationf'ro¥tdodla _____________ Declbels. 

27 Celculota the Noise Atten~».lion PnMdod by the Barrier Oeoa1bod In Problom 24. The 
Angle Sublendod by ll>e Ends of tr-.. a.mtr end the NAL Is t30 Oegr-. 

The Noise Allenualion ProYidod Is---------- ----Decibels. 

Proi>Mmt 21 Tlwougll30: - Colculotlono Uolng Wcwtu:lwts 5, a ond 1 

Colculato the Attenuation Prewldod By the a.triefsln the Fojlowing Sl?uotlons Use 
Wo<kellllts 5, 6 end 7. 

25. A Two StO<Y Building Ps Expc:wod to HolM LIMits of 68 LON from AutC>mOI>IIos. The 
- Is 15 Feet High end Ps Located 40 Foeo from lhe Souroo end 20 Feet from 
tr-.. Building. The SocRe, -·and Building Are All On LIMit Ground. The Anglo 
Sublendod by lhe Ends of tr-.. a.mer ond the Noise Assessment Location Is 110 

o.or-. 
Tile NolseAttenuallon Provided by Tills Banlerls _________ Declbels. 

Is TlllsSuffleleno? ____________________ _ 

29. A Tllree Story Building Ps Exposed to A Nojse Lew~ of 72 LON I rom Diesel 
Locomotl- and 60 LON from Rellroocl C... The Batrler ?a 12 Foeo High ond Is 
Located 40 F""t from the Source ond 85 Foet from ll>e Building The 8an1er end 
tr-.. Building Are on the Same LIMit. But the Troek Ps Oeprossocl 25 Feet. The Angle 
S..blendod by lhe Ends Of tr-.. Banler end the NAL Is 120 Oegr.-

The Nojse Attenuation Provided by Tills Batrler Is--------Decibels. 

Is Tills Sufficient? ____________________ _ 

30. A Tllree StO<Y Building Is Exposed to Noise Lo....,ls of 67 LON from Autornot>lles 
and 71 LON from Trucks. The Barrier Is 16 Feet High end Is Locoted 36 Feet from 
tho Source and 56 Feet from the Building. Tile Source, the Battler ond tile Building 
Art All AI the Same Lew~. The Ang?e Subtondod by the Barrio< EndS end the NAL Is 
130 Oegr-. 

The Noise Attenuation ProYicloc:l by This 8anlerls --------Decibels. 

lsThls&Af~i~?---------------------

85 

796 of 900

796 of 900



Noise Assessment Guidelines Workbook 
Answers p-

t . 88 LON (67-61 :6, Add tdB (From Teble) to 67:88 LON) 
2. 88 LON {63-63: 0, Add 3dB (From Teble) to 63:88 LON) 
3. 69 LON (69-51 :0, Add OdB to 69:69 LON) 
• . 67 LON (65-62: 3, Add UdB to 65, Round Off to NeatH I Whole Number, 

66.8 : 67 LON) 
5. 73 LON (72-65: 5, Add 1.2 = 73.2 = 73 LON) 
6. 72 LON 163·59=•, Add 1.5=&4.5, 71-e..5:6.5 

Interpolate From Teble: 6 = 1.0, 7 = .8 
6.5 : .9) 71 + .9 = 71.9 = 72 LON) 

7. 76 LON (67-61 =6 .• Add 1.0:66, 72-68=•, Add 1.5:73.5, 
73.5· 73 = .5, Interpolate From Table, 
Add 2.75:76.25:76 LON) 

B. •9Feet (76+22=98-2=•9) 
9. 72Feet (84+60=1« - 2=72) 

10. Adjustment Factors Needed: Speed and Nlght·Time Pe<centage 

Value of FaetOt's: Speed= Autos .30 
Tnucka .81 

Nighttime 
Percentage .81 

Note-You Must Have Different Speed Adjustments for Autos and Tnucks. 

1 1. Adjustment FactOt'S Needed: Speed and Stop and Go TraHic 
Value of FactOt"S: Speed .67 

Slop and Go .70 

12. Adjustment FaetOt's Needed: Gradient, Speed and Nighttime Pe<centage 

Value of FactOt'S: Gradient 1A 
Speed= Autos .30 

Trucks .81 
Nighttime 
Percentage .81 

13. Adjustment FactOt's Needed: Nighttime Percentage, .Speed, Bolted Track 

Value of FactOt's: Nighttime 
Percentage 1.57 
Speed=EnQI"" .75 

Cars 1.78 
Boiled Track • 

Note-You Must Have Different Speed Adjustments for Engines and Cars. 

1•. Adjustment FactOt's Needed: Nighttime Percentage and Speed 

Value of Factors: Nighttime 
Percentage .62 
Speed = Enolnes 3,0 

Cars .11 

t5. Adjustment Factors Needed: Nighttime Percentage and Bolted Track 

Value of FactOt'S: Nighttime 
Percentage1.19 
Bolted Track 4 
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18. Combined Noise Level= 82 LON (If Your Answer Ia Plus or Minus 1dB Ita OK -
Between Rounding Off and the Lerge Scale on the Nornographs, That's Close 
Enough) 

- · -- ---......... ___ ,, .. _ 
··--------------
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~. ............ _ ...... _ .. _ 
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17. Combln«< NoiMI..eYel:74lON (+OR- 1 dB) 

- · --"""'-" ___ ......... . 

--,....._. __ ........ .......... -·--·--..__ ......,.._ 
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18. Combined Noise L..el = 71 lDN 

Noro-ln O<der to Complete Column ta for Railway 12 You Must Find the A­
N..-of Cats P., Train. Multiply the NUMb« of OleMI Trains Times the NUMb« 
of Cats Per Train (20x45=m. Multiply the Number of Electrified Trains TlrMS 
the Numbef of Cats P., Train (2 X 15 • 301. Add the Two Total$ Together and DMde 
By the Total Number of Trains~ • 30 • 1130 - 22 = 42). 

- · -- ..... 

......... I -'...f1_' ..J...IL o --=- o .J.:.M o J..S • :J f. 

.......... . _~_,~.~.u ,.J4. t.s ... _, --·--·--· 

....... -~-------• • • ~ • • - :::r - - -· ·- ... - ----.. - -· -· ,_ , ... ---· ~ • .lJ)_, _II_. jJJJ • .IS . til' 

..._ .... ~ .. J.:2tl._w_. t..Jr. zz... "' -..-· --·--·--·- . 

19 Combined Noise LeYe1 = 76 LON 
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20. Combln<!d Noise llMII = 75 LDN 
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21. Combined Noise level= 81 LON 

To SoiY<! This Problem You Must Add Some More Unes to the Workehart lor 
Engines Because the Workehart as Set up Does Not Go High Enough. Tlle<e Are A 
Variety or Ways to Do This But One of the Eulest Is to Take A Pleoe of Blank 
Paper (A 3 x 5 card Does Very We4~ Place the Edge of tha Paper Along Either the 
Top Or Bottom Edge of the Workchart and Marl< Where the LON Unes Fall Along 
the Edge of the Blank P-. Then Once You Ha.., Drawn Your Dlatance e.nd 
Operations Unes on the Work Chart, Yoo Take Your P-with the Uno Mari<lnga 
and Lay It along the Une for Adjusted Operations with the Mark Farthest to the 
Right Uned up with the 75 LON Uno. Now Just Count over unlll Yoo Reach the 
lnlersactlon of the Operations and Distance Lines. 

- · --
.....---~ ' . c:· ::r . -· 

-· 
.. . 
- =­.......... • ::: .. .. 

---
• " " 
~. -- --_ .... - - •--•--•- -•--·-- -··-·--·---- -· --•--•--•--•--·-- ---·--·- - -

- -· 
0 D .... _...,...,.._ 
a.-.-~ 

- -· --·--·--·--·--·-- -· --·--·--·--· ·-._._..._.... _ __, ___ 
......... ,~_.., ... , ____ , __ 

- · .......... . ~! L IOIUW 

~ ---· • -- • --

-OI!l·--- ~/ 

20 

91 

·--(Ill 

802 of 900

802 of 900



22. H= 10 Fee~ R=-10 Feel, R' • 30 Feet, 0=170 Feel, 0' = 150 Feel 

I R' 0 ' 
'--30' 150'----..1 

23. H=8 Feel, A=90 Feel. R' a70 Feet, D=-10 Feel, 0' =50 Feel 

A' 
'--- ---70'-

o· 
- -'----so·- - ..J 

Note-The Une ot Sight Llno Sla•11 AboYa the Rood level Because ot the Truckt. 

24. H: 8 Feel, R:52 Feel, R' • 50 Feet, D= 61 Feel, 0 ' :60 Feel 

Q~___!.•Dt~• ~~·~-m~ A jo-ol, v -11 !)2'·--n;n;;;;n--,·1 w 
o· R' 

'----eo··---L---so··---' 
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25. The Noise Attenuation Provided Is 7 Dec1bela 
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27. Tho NoiH Attenuation ProYided Ia 8 Oeclbata (5.5 Rounded Up) 

Nolo-Again You Ha .... Problema With Extrapolating-Don't Worry About Being 
Too PreeiH. 
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28. The Noise Attenuation Pro¥1dod by This Barrier Is 4 dB. This Is Sufficient 

Note-Don't FO<get That the Height of the obs<INor Is 5' Less Then the Total 
Height of the Building and the Height ol the Building Is 10 Feet Times the Number 
of Stories. And Old You Remember to Make the Adjustment fot Ground Attenuation 
loss. 
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29. The Noise Attenuation Provided by This 8arrier IS Approximately 5 dB for Bolh the 
Engines and the Railroad Cars. 

This Is No·t Sufficient. 

Note-You Were Supposed to Calculate Attenuation for 01""1 Engl""" and Cars 
Separately Because the Source Heights Are Different. The Value of S lor the 
Engines Should Have Been -10 and the Value of S for the Railroad Cars Should 
Have Been - 25. 
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30. The Noise Attenuation Provided by Thla Barrier Is 3 dB for Trucks and 5 dB for 
Autos. Th& Combined lev&l Reoulttno Ia 69 LON. 

This ta Not Sufticlent 

Note-You Must Calculate the Berrier EHect Separately for Autos and Trucks 
Because the Source Height Ia Different. Then Recombine levels. 
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Chapter 7 

The Use of Noise 
Measurements 

NoiH Calculetlons Are Best For 
HUDUH 

There are two ways to detennine 
noise levels for a site undl!f review: 
the noise can be calculated or It can 
be measured. While one's first 
reaction might well be that It would 
obviously be better to go out and 
actually measure the noise l-Is at 
the site, calculated noise l-Is are 
really much bettl!f for Implementing 
HUD's noise policy. 

calculated noise levels are 
developed using mathematical 
models that contain a vat1ety of 
assumptions about the process of 
noise propagation as well as data on 
sound l-Is generated by typical 
sources (I.e. aircraft engines, 
automobile tires etc.). The model can 
be a complex computl!f model or It 
can be a simple desktop model such 
as the procedures In the Noise 
Assessment Guidelines. The models 
can also employ a variety of noise 
descriptors. (See chaptl!f 1 for a 
discussion of noise descriptors.) 
Most noise studies done for the 
Federal Highway Administration, for 
example, use either the l,o or the 
t_, noise descriptor. Many aircraft 
nOrse studies use the NEF or CNEL 
descrtptor. All of these descriptors 
are compatible with the '-dn noise 
descriptor system that Is preferred 
by HUD and the HUD noise 
regulation contains Instructions for 
converting all of them Into lc!n· 
(sections 51 .106(a)(1) and (2)) 

Whether produced by a 
sophisticated computer model or by 
the desktop Noise Assessment 
Guidelines, calculated noise levels 
are more useful for HUD needs than 
measured levels for two significant 
reasons: The first Is that with noise 
measurements you have no good 
way to take Into account future 
changes In the future noise 
environment. The houses we help 
build today are going to be around 
for a long time and If Is very 
Important that we detennlne, to the 
extent we can, the noise 
environment that will exist 
throughout the life of the buildings. 

While thens are clearly limitations on 
how far Into the future we can 
reasonably project trefflc levels for 
roads, railroads and airports, we can 
at least look 5 to 10 years ahead. 
The HUD noise regulation (24 CFR 
518) requires that " to the extent 
possible, noise exposure shall be 
projected to be representative of 
conditions that are expected to exist 
at a time at least 10 years beyond 
the date of the project or action 
under review." It Is very easy to 
make these projections If you use 
the Noise Assessment Guidelines or 
a computer model to detennine 
noise levels. 

The second reason why we prefer 
that you calculate noise l-Is Is 
that through the calculation process 
you can use monthly or yearly data 
to determine traffic levels. Thus you 
come up with a more typical picture 
of condi tions. With noise 
measurements there Is always the 
possibility that the day or eo;en days 
chosen for measurements will not be 
typical and that the measurements 
may over or understate the problem. 
While the conscientious measurer 
wllitry to account for any unusual 
conditions, It Isn't always possible. 
So long as cost considerations limit 
the number of days that 
measurements can be taken there 
will always be the problem of 
unrepresentative data. With 
calculations this Isn't a problem. The 
computer model that generates 
contours for airports, for example, 
uses an entire years data to develop 
the a-.ge day. Certainly the results 
are more likely to be representative 
than the results that would be 
derived from Just a few days 
measurements. 

When NoiH M .. alftfMntS Are 
Uaeful 

While It Is the preferred procedure to 
calculate noise l-Is, thl!fe are a 
few situations whl!fe the noise 
models might not be accurate and It 
might be better to rely on 
measurements. One Instance would 
be when there is Insufficient a.­
inadequate traffic data. Another case 
might be where you have a unique 
physical situation that Is not 
accounted for In Whatever 
mathematical model Is available. 

101 

Obtaining good traffic data can be 
difficult. You may only be able to get 
gross data that s imply lists total 
vehicles without making any 
distinctions between trucks and 
automobiles. Or you may not be able 
to get any reliable data on the 
Pefcentage of traffic between 10 pm 
and 7 am. While the Noise 
Assessment Guldlllines do contain 
some assumptions that you can use 
when you don't have all the data you 
need, there may be Instances when 
you Just don't think those 
assumptions would accurately 
portray the problem. 

By the seme token, there are 
certain physical situations that 
mathematical models such as the 
Noise Assessment Guidelines 
couldn't anticipate and therefore do 
not reflect in their formulas. For 
example, the Guidelines say that you 
don't have to calculate the noise 
l-Is for underground transit lines. 
Well what If the line is underground 
but there are large air vents that reach 
from the belowground tunnels to the 
surface? A great deal of noise can 
reach the surface through these vents 
butt he Nolsll ASSIIssment Guidelines 
don't haveanywaytotake It into 
account. You couldn't treat it as If the 
subway line were aboveground 
because It isn't really and at least 
some of the noise Is blocked. This 
would be a case where a noise 
measurement would probably be the 
best way to determine the noise 
l-Is. By the same token, the 
guidelines do not really take Into 
account the sometimes significant 
amounts of reflected noise that can 
occur at urban sites surrounded by 
tali buildings, I.e. the canyon effect. 

When Not to u .. M .. slnf'l*1ts 

One thing noise measurements 
should not be used for Is to con finn or 
refute calculated noise levels, 
especially computer generated 
aircraft contours. Our experience with 
both the Noise Assessment 
Guidelines and with computl!f noise 
models Is that both are quite accurate 
If done proper1y. lf you are convinced 
that the calculations were done 
correc11y, and If you believe that the 
data used wens good, you should 
strongly dlsoourage anyone-who 
wants to take measurements because 
they think that measurements are 
lnhl!fently more accurate than 
calculations. Comparing measured 
noise levels to calculated levels Is like 
comparing apples and oranges. The 
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calculated noise levels should Include 
projected traffic 18'/els, the meuured 
ones will not. The calculated 18'/els 
will be based on dally traffic counts 
deriwd by aven~glng months of data, 
the measured levels will, at beat, 
reflect just a few days. (This Ia 
particularly true for aircraft noise 
contours. The day-t<>day operations 
of an airport can vary significantly 
depending upon weather conditions 
and any one or two days worth of 
measurements are very likely to show 
dtfferentlfl'lels from those generated 
by a computer model employing a 
year of data to der1ve an average day.) 

If you have determined that noise 
measurements are appropriate, you 
must make sure that they are done 
properly, otherwise the data will be 
useless. There are tour elements to 
proper measurements: 1) where the 
measurements are taken; 2) when 
they are taken; 3) the type of 
equipment used; and 4) the actual 
measurement procedure. 

Where ,_. ... menta ahould be 
teken: The locations for noise 
measurements should be selected 
using the same criteria you would use 
to select a Noise Assessment 
Location tor a Nols& Ass9Ssment 
Gvldellnes calculation. The Noise 
Assessment Guidelines recommend 
that "assessments of the noise 
exposure should be made at 
representative locations around the 
site where significant noise Is 
expected." Further, the Guidelines 
state that when selecting these 
locations you should consider those 
buildings containing noise sensitive 
uses which are closest to the 
predominant noise sources. Where 
quiet outdoor space Is desired at a 
site, you should also select points In 
the outdoor area In question. 
Specifically, the "relevant 
measurement location for buildings is 
a polnt2 meters (6.5 feet) from the 
facade." If there are no buildings yet 
the measurement point should be 2 
meters from the closest point setback 
requirements would allow a building 
facade. 

When measurement• ahould be 
teken: Because measurements are 
only going to be taken tor a few days 
at best, special care should be taken 
to make sure that the days selected 
are representative of a-age traffic 
levels. For highways, avoid both 
Monday and Friday, partlcular1y 
before or after a holiday. In fact 
holiday periods, such 88 the 
Christmas/New Years season, should 
be avoided entirely. Highway traffic, 
or rather more Importantly, truck 
traffic Is likely to be down dur1ng 

these periods and noise '-Is lillY be 
significantly lower than normal. On 
the other hand, holiday periods are 
often peak travel periods tor alr11nes 
and measurements taken around 
airports then would show unusually 
high noise levels. 

Whoever Is taking the 
measurements should also check to 
make sure that there aren't any 
special circumstances that might 
affect traffic levels. For example roed 
oonstructlon or repair work might 
divert addltonaltrafflc onto the roed 
being measured, or divert traffic away. 
In both cases the noise 18'/els 
measured would not be 
representative. 

And finally, noise measurements 
should not be taken during extreme 
weather conditions both because of 
the possible effects on traffic levels 
but also because the weather 
conditions can exaggerate the actual 
noise levels. 

Ideally, noise measurements 
should be taken over several days 
spread over at least a few months. But 
given that time and money will 
normally preclude this, at least make 
sure the one or two days you can get 
are as close to typical as possible. 

Whet equipment to UM: There are 
many sound level meters on the 
market which are suitable tor taking 
noise measurements for 
transportation sources. They need 
only to meet the requirements of 
American National Standard 
Specification for Type 1 Sound Level 
Meters:S1.4-1971. Type 1 soundlfl'lel 
meters are "precision" meters and 
provide the most accurate 
measurements. They are also, of 
course, the most expensive. Fast 
tlme.averaglng and A frequency 
weighting are to be used. The sound 
level meter with the A"Welghting is 
progressively less sensitive to sound 
with frequencies below 1,000 hertz, 
somewhat as Is I he ear. With fast time 
aversglng the sound level meter 
responds particularly to recent 
sounds almost as quickly as does the 
ear in judging the loudness of a 
sound. Fast time averaging has a lime 
constant of about 118 second. 

While a sound level measuring 
system that averages declbel 
readouts on a short term basis such 
as tor every minute or every hour Is 
acceptable, II would be tar better if a 
system that actually provides a 24 
hour Integrated~" readout were 
used. Such a system eliminates the 
need tor calculating the~" value, an 
area where many Inexperienced 
consultants go astray. These systems 
are more expensive however, and thA 

oonaultant who doesn1 do much 
noise work Is unlikely to have one. 
~ procec11na: Detailed 

procedures for making sound 18'/el 
measurements are spelled out In the 
American National Standards 
Institute's Standard Methods ANSI 
S1 .2-1962(Rl976) American Net/one/ 
Standard Method for the Physics/ 
Menurement of Sound and ANSI 
S1.13-1971(R1976)Amerlcan National 
Standard Methods for the 
MNsurement of Sound Pressure 
LIMI/s. 

Some of the basic procedures that 
should be followed are: 

1. Measurements should normally be 
made over a continuous 24 hour 
period. If this Is not possible, 
measurements may be mede over a 
period of days but still must cover the 
entire 24 hour period. The selection of 
the days becomes even more critical 
so that they are as similar 88 possible. 
Sampling Is not acceptable. 
2. The sound level meter must be 
callbfated before each use. 
3. The sound level meter should be 
provided with a wind screen. 
4. Care should be taken to Insure that 
there are no temporary obstructions, 
such as parked trucks, between the 
meter and the source. 

The NoiM Study 

The noise study prepared to describe 
the measurement results should 
contain at least the following: 

1. A map showing where the 
measurements were taken 
2. A vicinity map showing the site and 
the major noise sources 
3. A chart Indicating the date, the 
time, and weather conditions when 
measurements were taken at each 
measurement location 
4. The type of microphone used 
5. Any variations from ANSI 
procedures 
6. The results of the measurements 
In ~n for each measurement location 
7. Any unusual conditions that 
existed during the measurement 
period-I .e. construction activity, 
major traffic tieup, etc. 
8. If an Integrating sound 18'/el meter 
was not used, the calculations used 
to derive the~ value. 
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Typical Range of Common Sounds
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2. Aircraft noise
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6. Noise in buildings
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Examples of Outdoor Day-Night Average Sound Levels in dB 
Measured at Various Locations
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Residential Noise Environment of the National Population 
As a Function of Exterior Day-Night Average Sound Level
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Table 1: Summary of U.S. Population Exposed to Various Day-Night 
Average Sound Levels (or higher) 

From Noise Sources in the Community. 
(1) From Noise in America (EPA, 1981, pp. 10 and 15)
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Estimated Number (in Millions) of People in Each Noise Category

DNL (dB) Traffic Aircraft Construction Rail Industrial Total
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5. Nonacoustics variables

6. Habituation
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