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Sustainable Communities Strategy 
Documentation and Related Information 

This appendix includes documentation in support of the Sustainable Communities Strategy (SCS) pursuant to 

Senate Bill 375 (Steinberg, 2008) (SB 375). This appendix includes a matrix that outlines the requirements in SB 375 

and where the Regional Plan addresses the requirements, either in specific chapters of the Regional Plan or in 

specified appendices (Table C.4). The resource mapping prepared by SANDAG is based on the best practically 

available scientific information regarding resource areas and farmland. The source data includes: (1) 1995 data for the 

eastern two-thirds of the County, which cover the entire region and use the Holland classification system (Holland 

1996; Oberbauer et al., 2008); (2) 2012 data which cover much of the western one-third of the region and use a 

classification system of groups, alliances, and associations based on the National Vegetation Classification Standard 

and the California Manual of Vegetation (Sproul et al., 2011; Sawyer et al., 2009); and (3) Department of Conservation 

Farmland Mapping and Monitoring Program data, 2010. 

This appendix includes the following figures to support the SCS: 

• Figure C.1: Housing Near High Frequency Transit 

• Figure C.2: 2020 Land Use1 

• Figure C.3: 2035 Land Use2 

• Figure C.4: San Diego Region Wetlands 

• Figure C.5: San Diego Region Important Agricultural Lands 

• Figure C.6: San Diego Regional Habitat Preserved Lands 

• Figure C.7: San Diego Region Generalized Vegetation 

• Figure C.8: Potential Aggregate Supply Sites 

• Figure C.9: 2020 Employment and Housing Density 

• Figure C.10: 2035 Employment and Housing Density 

• Figure C.11: 2035 Potential Transit Priority Project Areas 

Appendix C also contains links to two SANDAG Board of Directors reports that support the development of the 

transportation network selected for San Diego Forward: The Regional Plan: 

• August 15, 2014 – Draft Revenue Constrained Transportation Scenarios3 

• September 12, 2014 – Preferred Revenue Constrained Transportation Scenario4 

  

http://www.sandag.org/index.asp?meetingID=3957&fuseaction=meetings.detail
http://www.sandag.org/index.asp?meetingID=3851&fuseaction=meetings.detail
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The Technical Methodology to estimate greenhouse gas emissions submitted to the California Air Resources Board 

(ARB) on June 7, 2013, as well as ARB’s acknowledgment of receiving this methodology also are included in 

Appendix C, Attachment 1. 

• June 7, 2013 – Correspondence from SANDAG to ARB regarding Technical Methodology to estimate greenhouse 

gas emissions from the San Diego Association of Governments Sustainable Communities Strategy. 

• August 12, 2013 – Correspondence from ARB to SANDAG regarding Technical Methodology to estimate 

greenhouse gas emissions. 

SB 375 Greenhouse Gas Reduction Targets set by the California Air Resources 
Board and Results of Greenhouse Gas Emissions Reductions 
The path toward living more sustainably is clear: focus housing and job growth in urbanized areas where there is 

existing and planned transportation infrastructure, protect sensitive habitat and open space, invest in a transportation 

network that provides people with transportation options that reduce greenhouse gas emissions, and implement the 

plan through incentives and collaboration. 

As part of its mandate under SB 375, in 2010 the California Air Resources Board (ARB) set specific targets for 

reducing greenhouse gas emissions for cars and light trucks for each of the state’s regions from a 2005 base year. The 

greenhouse gas targets set for the San Diego region call for a 7 percent per capita reduction by 2020, and a 

13 percent per capita reduction by 2035. The SCS will result in a 15 percent reduction in emissions by 2020, and a 

21 percent reduction by 2035 – far more than what the state mandates require – as shown in Table C.1. The 

greenhouse gas reductions for the final Regional Plan were calculated using the ARB model EMFAC 2014 v. 1.0.7 and 

adjustment factors provided by ARB to account for differences in emission rates between EMFAC 2007 (used to set 

the targets) and this latest version of the emissions model (EMFAC 2014 v.1.0.7). The per capita greenhouse gas 

reductions for 2020 and 2035 have changed from the draft Regional Plan to the final Regional Plan by 3 percentage 

points. The ARB adjustment factor for SANDAG reduces the per capita results for both 2020 and 2035 by 

2 percentage points. For example, before the ARB adjustment, per capita reductions for 2020 were 17 percent, and 

after applying the adjustment, the reductions become 15 percent. The additional 1 percentage point difference for 

2020 and 2035 is due to final travel demand model runs, which also use EMFAC 2014 v.1.0.7 to estimate 

greenhouse gas emissions. Attachment 2 describes the off-model greenhouse gas reduction methodology that 

supplements the SANDAG Activity Based Model calculations as well as the ARB adjustment referenced above. 

Table C.1 

SB 375 Greenhouse Gas Reduction Targets and Regional 
Plan Greenhouse Gas Emissions Reductions Results 

      

 
2020 2035 

ARB Targets 7 percent 13 percent 

Greenhouse Gas Emissions Reductions 15 percent 21 percent 

Note: Average weekday per capita carbon dioxide reductions for cars and light trucks from 2005. 

Source: ARB and SANDAG  
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Breakdown of the Regional Plan’s SCS Components that Contribute to SB 375 
Per Capita Greenhouse Gas Reductions 
Several components and strategies contribute toward SB 375 per capita greenhouse gas reductions from passenger 

vehicles. Approximately half of the reductions would result from the Regional Plan’s investments in transit projects 

and their operations, managed lanes, active transportation projects, and TDM measures that support teleworking 

(i.e., working from home or telecommuting). About one-quarter of the reductions are estimated from changing land 

use and population characteristics, while another quarter are projected from increases in the cost of driving (auto 

operating costs).  

Housing Goals  
Figure C.1 and Table C.2 show that the number of homes located within one half-mile of high frequency public 

transit services will increase from 35 percent in 2012 to 63 percent in 2050 (for population this increase is 35 percent 

to 61 percent). This increase is due to new transit services, detailed in Appendix A: Transportation Projects, Costs, and 

Phasing, and to growth being primarily concentrated in the urbanized areas. 

 

 

 

Table C.2 

Housing Near High Frequency Public Transit 
2012 2020 2035 2050 

Numeric Percent Numeric Percent Numeric Percent Numeric Percent 

Within Half Mile 

of Transit 
412,050 35.3% 648,622 51.9% 831,837 59.6% 929,785 62.3%

Not Within Half 

Mile of Transit 
753,768 64.7% 601,062 48.1% 562,946 40.4% 562,150 37.7%

Total 1,165,818 100.0% 1,249,684 100.0% 394,783 100.0% 1,491,935 100.0%

 

2012

64.7%

2020 2035 2050

Within Half-Mile of Transit Not Within Half-Mile of Transit 

48.1% 

51.9%35.3% 

40.4%

59.6%
37.7% 

62.3%

Figure C.1 

Housing Near High Frequency Public Transit 
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Table C.3 shows that the projected increase in new housing capacity is generally higher for areas with densities above 

20 dwelling units per acre. The increases reflect extensive work by local jurisdictions to update general and specific 

plans to accommodate future growth and development in the urbanized areas of the region where existing and 

planned public transit is located.  
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Table C.3 

Series 13 Regional Growth Forecast Estimated Housing Capacity by  
Jurisdiction and Subregion 
 Dwelling Units Per Acre 

 0 to 10 10 to 20 20 to 30 30+ Total 

City of San Diego 46,446 11,328 49,508 84,747 192,029 

Unincorporated 40,625 11,330 4,621 5,794 62,370 

North County 

Coastal 

7,526 2,734 1,654 3,140 15,054 

Carlsbad 4,106 1,507 - - 5,613 

Del Mar (28)* 44 - - 16 

Encinitas 1,204 764 741 - 2,709 

Oceanside 2,170 398 403 3,140 6,111 

Solana Beach 74 21 510 - 605 

North County Inland 16,484 1,635 1,077 12,622 31,818 

Escondido 6,194 745 133 3,923 10,995 

Poway 900 17 35 452 1,404 

San Marcos 8,468 (112)* 187 395 8,938 

Vista 922 985 722 7,852 10,481 

East County 3,014 1,555 1,457 19,702 25,728 

El Cajon (283)* 763 566 10,633 11,679 

La Mesa 759 188 215 7,055 8,217 

Lemon Grove 201 168 180 1,372 1,921 

Santee 2,337 436 496 642 3,911 

South Bay 21,166 597 2,856 43,424 68,043 

Chula Vista 20,356 441 1,561 10,070 32,428 

Coronado 61 2 94 24 181 

Imperial Beach 6 62 341 1,431 1,840 

National City 743 92 860 31,899 33,594 

Total 135,261 29,179 61,173 169,429 395,042 

* Negative capacity is a result of redevelopment to either a different density range or to commercial land. 
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Table C.4 

SANDAG Sustainable Communities Strategy Documentation 

Subject Area  Addressed 

SCS Requirement CGC Section 65080(b)(2)(B) Each metropolitan planning organization shall prepare a 

sustainable communities strategy subject to the requirements of Part 450 of Title 23 of 

and Part 93 of Title 40 of the Code of Federal Regulations, including the requirement 

to utilize the most recent planning assumptions considering local general plans and 

other factors. The sustainable communities strategy shall: 

See Regional Plan Chapters 2 and 5. 

Also see Appendices C (SCS 

Documentation and Related 

Information), J (Regional Growth 

Forecast), L (Regional Housing Needs 

Assessment Plan), and S (Monitoring 

Performance) 

Land Use CGC Section 65080(b)(2)(B)(i) identify the general location of uses, residential 

densities, and building intensities within the region; 

See Regional Plan Chapter 2 and 

Appendices C (SCS Documentation 

and Related Information Figures C-2 

and C-3), and J (Regional Growth 

Forecast)  

Housing Goals CGC Section 65080(b)(2)(B)(vi) consider the state housing goals specified in 

Sections 65580 and 65581; 

See Regional Plan Chapter 2 and 

Appendices C (SCS Documentation 

and Related Information), L (Regional 

Housing Needs Assessment Plan), 

and U.13 (Housing: Providing Homes 

for all Residents) 
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Table C.4 (continued) 

SANDAG Sustainable Communities Strategy Documentation 

Subject Area  Addressed 

 CGC Section 65080(b)(2)(B)(ii) identify areas within the region sufficient to house all 

the population of the region, including all economic segments of the population, over 

the course of the planning period of the regional transportation plan taking into 

account net migration into the region, population growth, household formation and 

employment growth; 

See Regional Plan Chapter 2 and 

Appendices J (Regional Growth 

Forecast), L (Regional Housing Needs 

Assessment Plan), and U.13 

(Housing: Providing Homes for all 

Residents) 

 CGC Section 65080(b)(2)(B)(iii) identify areas within the region sufficient to house 

an eight-year projection of the regional housing need for the region pursuant to 

Section 65584; 

See Regional Plan Chapter 2 and 

Appendices L (Regional Housing 

Needs Assessment Plan), and U.13 

(Housing: Providing Homes for all 

Residents) 

Natural Resources CGC Section 65080(b)(2)(B)(v) gather and consider the best practically available 

scientific information regarding resource areas and farmland in the region as defined 

in subdivisions (a) and (b) of Section 65080.01; 

See Regional Plan Chapter 2 and 

Appendix C figures titled: 

 Figure C.4 San Diego Region 

Wetlands 

 Figure C.5 San Diego Region 

Important Agricultural Lands 

 Figure C.6 San Diego Region 

Habitat Conservation Lands 

 Figure C.7 San Diego Region 

Generalized Vegetation 
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Table C.4 (continued) 

SANDAG Sustainable Communities Strategy Documentation 

Subject Area  Addressed 

Transportation Network CGC Section 65080(b)(2)(B)(iv) identify a transportation network to service the 

transportation needs of the region; 

See Regional Plan Chapter 2 and 

Appendix A (Transportation Projects, 

Costs, and Phasing) 

Meeting Greenhouse Gas 

Reduction Targets 

CGC Section 65080(b)(2)(B)(vii) set forth a forecasted development pattern for the 

region, which, when integrated with the transportation network and other 

transportation measures and policies, will reduce the greenhouse gas emissions from 

automobiles and light trucks to achieve, if there is a feasible way to do so, the 

greenhouse gas emission reduction targets approved by the state board; 

See Regional Plan Chapter 2 and 

Appendices C (SCS Documentation 

and Related Information), J (Regional 

Growth Forecast), and T (SANDAG 

Travel Demand Model and 

Forecasting Documentation) 

Meeting Federal Air Quality 

Requirements 

CGC Section 65080(b)(2)(B)(viii) allow the regional transportation plan to comply 

with Section 176 of the federal Clean Air Act (42 U.S.C. §7506). 

See Appendix B (Air Quality Planning 

and Transportation Conformity), 

Appendix J (Regional Growth 

Forecast), Appendix T (SANDAG 

Travel Demand Model and 

Forecasting Documentation) 

Informational Meetings CGC Section 65080(b)(2)(E) The metropolitan planning organization shall conduct at 

least two informational meetings in each county within the region for members of the 

board of supervisors and city councils on the sustainable communities strategy and 

alternative planning strategy, if any. Only one informational meeting is needed in each 

county if it is attended by representatives of the county board of supervisors and city 

councils that represent a majority of the cities representing a majority of the 

population in the incorporated areas of that county. 

See Regional Plan Chapter 2 and 

Appendix F (Public Involvement 

Program) 
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Table C.4 (continued) 

SANDAG Sustainable Communities Strategy Documentation 

Subject Area  Addressed 

Public Participation Plan CGC Section 65080(b)(2)(F) Each metropolitan planning organization shall adopt a 

public participation plan, for development of the sustainable communities strategy 

and an  alternative planning strategy, if any, that includes all of the following:  

See Regional Plan Chapter 2 and 

Appendix F (Public Involvement 

Program) 

Public Participation Plan – 

outreach 

CGC Section 65080(b)(2)(F)(i) Outreach efforts to encourage the active participation 

of a broad range of stakeholder groups in the planning process, consistent with the 

agency’s adopted Federal Public Participation Plan, including, but not limited to, 

affordable housing advocates, transportation advocates, neighborhood and 

community groups, environmental advocates, home builder representatives, 

broad-based business organizations, landowners, commercial property interests, and 

homeowner associations. 

See Appendix F (Public Involvement 

Program) 

Public Participation Plan – 

consultation 

CGC Section 65080(b)(2)(F)(ii) Consultation with congestion management agencies, 

transportation agencies, and transportation commissions. 

See Appendix F (Public Involvement 

Program) 

Public Participation Plan - 

workshops 

CGC Section 65080(b)(2)(F)(iii) Three workshops throughout the region to provide 

the public with the information and tools necessary to provide a clear understanding 

of the issues and policy choices. Each workshop, to the extent practicable, shall 

include urban simulation computer modeling to create visual representations of the 

SCS and the alternative planning strategy. 

See Appendix F (Public Involvement 

Program) 

Public Participation Plan – 

SCS public review 

CGC Section 65080(b)(2)(F)(iv) Preparation and circulation of a draft SCS and an 

alternative planning strategy, if one is prepared, not less than 55 days before adoption 

of a final regional transportation plan. 

See Appendix F (Public Involvement 

Program) 
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Table C.4 (continued) 

SANDAG Sustainable Communities Strategy Documentation 

Subject Area  Addressed 

Public Participation Plan – 

public hearings 

CGC Section 65080(b)(2)(F)(v) At least three public hearings on the draft sustainable 

communities strategy in the regional transportation plan and alternative planning 

strategy, if one is prepared. If the metropolitan transportation organization consists of 

a single county, at least two public hearings shall be held. To the maximum extent 

feasible, the hearings shall be in different parts of the region to maximize the 

opportunity for participation by members of the public throughout the region. 

See Appendix F (Public Involvement 

Program) 

Public Participation Plan –  

public notice 

CGC Section 65080(b)(2)(F)(vi) A process for enabling members of the public to 

provide a single request to receive notices, information, and updates. 

See Appendix F (Public Involvement 

Program) 

Consultation with Local Agency 

Formation Commission 

CGC Section 65080(b)(2)(G) In preparing a sustainable communities strategy, the 

metropolitan planning organization shall consider spheres of influence that have been 

adopted by the local agency formation commissions within its region. 

See Regional Plan Chapter 2 and 

Appendix I (Consultation with the 

Local Agency Formation Commission) 

ARB Greenhouse Gas Reduction 

Targets for San Diego Region 

CGC Section 65080(b)(2)(H) Prior to adopting a sustainable communities strategy, 

the metropolitan planning organization shall quantify the reduction in greenhouse gas 

emissions projected to be achieved by the sustainable communities strategy and set 

forth the difference, if any, between the amount of that reduction and the target for 

the region established by the state board. 

See Regional Plan Chapter 2 and 

Appendix C (SCS Documentation and 

Related Information, Table C.1) 
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Table C.4 (continued) 

SANDAG Sustainable Communities Strategy Documentation 

Subject Area  Addressed 

Consideration of Financial 

Incentives for Cities and Counties 

with Resource Areas or Farmlands 

CGC Section 65080(b)(4)(C) The metropolitan planning organization or county 

transportation agency, whichever entity is appropriate, shall consider financial 

incentives for cities and counties that have resource areas or farmland, as defined in 

Section 65080.01, for the purposes of, for example, transportation investments for 

the preservation and safety of the city street or county road system and farm-to-

market and interconnectivity transportation needs. The metropolitan planning 

organization or county transportation agency, whichever entity is appropriate, shall 

also consider financial assistance for counties to address countywide service 

responsibilities in counties that contribute towards the greenhouse gas emission 

reduction targets by implementing policies for growth to occur within their cities. 

See Regional Plan Chapter 2 and 

Chapter 5 
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Endnotes 
                                                      

1 Consistent with SB 375, this map identifies the general location of uses, residential densities, and building intensities in 2020. 

(Government Code Section 65080(b)(2)(B)(i)). 

2 Consistent with SB 375, this map identifies the general location of uses, residential densities, and building intensities in 2035. 

(Government Code Section 65080(b)(2)(B)(i)). 
3  http://www.sandag.org/index.asp?meetingID=3957&fuseaction=meetings.detail 
4 http://www.sandag.org/index.asp?meetingID=3851&fuseaction=meetings.detail 
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SANDAG Off-Model Greenhouse Gas Reduction 
Methodology 

To forecast the outcomes of the transportation network included in the Regional Plan, SANDAG uses the Activity 

Based Model (ABM) to estimate performance measures. However, some strategies including carshare, vanpool 

programs, carpool programs, plug-in electric vehicle (PEV) charging stations, managed lane automation, and transit 

managed lane automation are not captured fully by the SANDAG ABM or the California Air Resources Board (ARB) 

Emissions Factor model. These off-model strategies are included to account for their additional reductions of 

greenhouse gas emissions. This attachment documents both the methodology and explanation of benefits from these 

off-model strategies. 

Carshare 
Carshare is one aspect of shared mobility highlighted in San Diego Forward: The Regional Plan. Carshare can provide 

first mile/last mile connections to transit or fill gaps in the region’s transit services by providing an efficient 

transportation alternative for commute and non-commute trips. A carshare service provides members with access to a 

vehicle for short-term use, such as Car2Go and Zipcar. Shared vehicles are distributed across a network of locations 

(or specified service area) within urban communities. Members can access the vehicles at any time with a reservation 

and are charged by time or by mile. Carshare provides some of the benefits of a personal vehicle without the costs 

associated with owning one. The SANDAG Transportation Demand Management (TDM) program seeks to incentivize 

and expand the reach of carshare to employment centers and urban communities that are not currently served by this 

mobility option and that the private market may be hesitant to enter in order to complement and improve access to 

regional transit services.  

Methodology and calculations 

A minimum level of density and supporting land use is required to initiate and sustain most carshare services. The 

following methodology pertains exclusively to investments in carshare, the shared mobility service type with the 

greatest amount of history and data available, and for which SANDAG is taking credit for under SB 375 in terms of 

reduced greenhouse gas emissions. Past research on traditional (or round-trip) carshare models1 has demonstrated 

that between 10 percent2 and 13 percent3 of the eligible population is expected to join a carshare service. In the 

San Diego region, the eligible population is defined as anyone age 18 or older, the current minimum age requirement 

for a carshare membership. Additionally, a residential density threshold was established for each milestone year to 

determine which portions of the San Diego region are most suited for carshare investment through 2050. In 2020, 

the assumed minimum residential density is 69 persons per acre or higher and in 2035 and 2050 the assumed 

minimum residential density is 55 persons per acre or higher.4 In line with past research coupled with the recent 

introduction of one-way5 and peer-to-peer6 carshare in the San Diego region, a conservative proportion of the 

region's eligible population living in communities that meet these residential density thresholds was considered to 

estimate the adoption of carshare in the region over time: 

 2020 – 15% of the eligible population, or approximately 52,791 people 

 2035 – 20% of the eligible population, or approximately 146,914 people 

 2050 – 25% of the eligible population, or approximately 227,615 people 
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The daily VMT reduction for each milestone year is calculated by multiplying the estimated number of carshare 

members by seven miles (the average daily VMT reduction per carshare member7). 

SB 375 emissions reduced by milestone year were calculated by multiplying the average daily VMT reduction for each 

milestone year by the derived CO2 emission factor of 0.9484 lbs / mile for 2020, 0.9408 lbs / mi for 2035, and 0.9407 

lbs / mi for 2050.8 

Table 1 

Carshare VMT and CO2 Reduction Results 
     2020 2035 2050 

Daily VMT Reduction  369,536 1,028,398 1,593,305 

SB 375 Emissions (lbs) 350,474 967,506 1,498,870 

Vanpools 
The Regional Vanpool Program is currently offered by SANDAG. Vanpools have been shown to reduce greenhouse 

gas emissions since only one (albeit larger) vehicle is required to transport the same number of people that would 

normally take 7 to 15 single-occupant vehicles to transport.  Based on historic trends the program is assumed to grow 

13 percent by 2020 (approximately 811 vanpools), 62 percent by 2035 (approximately 1,163 vanpools), and 110 

percent by 2050 (approximately 1,512 vanpools). Future growth assumptions are based on restructuring the current 

$400 monthly subsidy program to encourage the formation of larger vanpools and sustain program participation, 

policy changes that reduce barriers to entry, improved program administration, and targeted marketing to key 

employment industries and underserved populations.  

Methodology and calculations 

Growth of the Regional Vanpool Program is tied to the assumption of a slight increase in the monthly subsidy over 

time and available funding for program administration. Eighty percent of all vans are assumed to carry up to eight 

passengers, and 20 percent of all vans are assumed to carry up to ten passengers.  

Average daily VMT reduction calculation for each milestone year: 

(Proportion of eight-passenger vans x Number of projected vanpools in the milestone year x Number of total 

passengers excluding the driver x Average round-trip vanpool commute distance) + (Proportion of ten-passenger vans 

x Number of projected vanpools in the milestone year x Number of total passengers excluding the driver x Average 

round-trip vanpool commute miles) 

SB375 emissions reduced by milestone year were calculated by multiplying the average daily VMT reduction for each 

milestone year by the derived CO2 emission factor of 0.9484 lbs / mile for 2020, 0.9408 lbs / mi for 2035, and 0.9407 

lbs / mi for 2050.  

Table 2 

Vanpool VMT and CO2 Reduction Results 
     2020 2035 2050 

Daily VMT Reduction 678,339 972,797 1,264,438 

SB 375 Emissions (lbs) 643,349 915,197 1,189,495 



Appendix C :: Attachment 2 – SANDAG Off-Model Greenhouse Gas Reduction Methodology 37 

Carpools 
SANDAG evaluated the investment in a carpool incentive program to promote the use of fewer vehicles to transport 

the same number of people to and from work. A carpool incentive was pilot tested with select employers in 2012. 

Based on lessons learned from the pilot, a formal carpool incentive program is expected to launch in the summer of 

2016. The proposed program would incentivize the formation of 17,582 new carpools between now and 2050. 

Based upon anticipated budget and staffing levels, an incentive of $30 per month per carpooler for three continuous 

months at a budget of $100,000 per year9 would reasonably accommodate up to 488 new carpools annually. 10  

Methodology and calculations 

Following the initial three-month incentive period, assumed carpool program retention rates per carpool are 

90 percent after one year, 50 percent after two years, 25 percent after three years, and 0 percent after four years.11 It 

is assumed that approximately 1,293 new carpools carrying 2,716 carpoolers would exist in 2020, 2035, and 2050 

based on these retention rates. Carpool size is assumed to be 2.1, and daily VMT per capita is assumed to be 

26 miles.12 

Average daily VMT reduction calculation for each milestone year: 

Total number of carpools x Average carpool size (excluding the driver) x Average round-trip commute miles 

SB 375 emissions reduced by milestone year were calculated by multiplying the average daily VMT reduction for each 

milestone year by the derived emission factor of 0.9484 lbs / mile for 2020, 0.9408 lbs / mile for 2035, and 0.9407 

lbs / mile for 2050. 

Table 3 

Carpool VMT and CO2 Reduction Results 
     2020 2035 2050 

Daily VMT Reduction 36,986 36,986 36,986 

SB 375 Emissions (lbs) 35,078 34,796 34,793 

Plug-In Electric Vehicles (PEV) Charging Stations 
The State of California has a goal to have 1.5 million zero emissions vehicles (ZEVs) operating in California by 2025. 

ZEVs include both Plug-in Electric Vehicles (PEVs) and fuel cell electric vehicles. To achieve additional greenhouse gas 

reductions beyond the state goals, a larger network of electric vehicle charging stations (EVCS) is needed to extend 

the electric range of plug-in hybrid electric vehicles. SANDAG will establish a Regional Charger Program by setting 

aside approximately $30 million of Congestion Management and Air Quality (CMAQ) Improvement Program funds 

expected between 2020 and 2050 (approximately $1 million annually) to fund an incentive program for the 

installation of publicly available EVCS. According to the Electric Power Research Institute (EPRI), one EVCS is needed 

for every five PEVs, with a breakdown of 75 percent Level 1 EVCS (which adds 2-5 miles of range per hour of 

charging) and 25 percent Level 2 EVCS (which adds 10-20 miles of range per hour of charging). Increasing the 

number of publicly available EVCS would reduce greenhouse gas emissions by extending the electric range of plug-in 

hybrid electric vehicles that would replace gasoline-powered internal combustion engines. The calculations and 

expected emissions reductions attributed to the Regional Charger Program are shown here.  
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Methodology and calculations 

By 2025, the state’s target is for 15.4 percent of new car sales to be ZEVs; of this, 9 percent would be Plug-in Electric 

Vehicles (PEVs). SANDAG assumes that after 2025, these percentages for annual sales remain constant, but overall 

ZEV fleet continues to grow due to vehicle turnover. Currently, plug-in hybrids drive 30 percent of their miles in 

electric mode and the remainder in gasoline mode. The build-out of a robust charger network would increase this 

percentage to 41 percent. The 11 percent increase in electric miles from plug-in hybrid vehicles results in the 

additional greenhouse gas reductions summarized below. The funding for the program would provide incentives for 

the installation of publicly available EVCS throughout the region. The program currently assumes incentive levels of 

$250 per Level 1 EVCS and $2,100 per Level 2 EVCS, and would add 6,065 EVCS by 2020, 35,697 EVCS by 2035, 

and 43,376 EVCS by 2050.  

Table 4 

Plug-In Hybrid Electric Vehicles and Added e VMT 
     
 2020 2035 2050  

Number of Plug-in Hybrid Vehicles 34,326 182,484 220,882  

Daily VMT per vehicle 21.83 20.48 19.90  

Total Daily VMT 749,259 3,737,510 4,394,701  

eVMT (30%) 224,778 1,121,253 1,318,410  

eVMT with Program (41%) 307,196 1,532,379 1,801,827  

Added eVMT (11%) 82,418 411,126 483,417  

Emission Factor - per mile reduced 0.9484 0.9408 0.9407 lb/mi 

CO2 reduced 78,167 386,783 454,765 lbs CO2 

 

Table 5 

PEV Charging Stations and CO2 Reduction Results 
     2020 2035 2050 

SB 375 Emissions (lbs) 78,167 386,783 454,765 

Managed Lane Automation 
In 2050, assuming vehicle automation technology becomes available to vehicles accessing managed lane facilities, the 

managed lane facilities will have 80 percent higher capacity to handle these zero emission vehicles.  

Methodology and calculations 

SANDAG conducted a model run with 80 percent increased capacity on the managed lane system. Using output from 

the model run, SANDAG calculated total managed lane (ML) VMT for the SB 375 vehicle classes. To account for all ML 

vehicles operating as zero emission vehicles, the VMT from ML was removed from the EMFAC inputs. Using the ML 

VMT modified EMFAC file, an emissions profile was created. The off-model calculation reflects the CO2 emission 

differences between the Regional Plan preferred scenario and the automated managed lane scenario. 
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Table 6 

Regional Plan and Managed Lane Automated Scenario 
CO2 Emissions 
  
 2050 

2050 Regional Plan CO2 Emissions (SB 375) 82,215,442 lbs / day 

Automated ML Scenario CO2 Emissions 77,896,235 lbs / day 

Emissions Difference (4,319,207) lbs / day 

 

Table 7 

Managed Lane Automation and CO2 Reduction Results 
     2020 2035 2050 

SB 375 Emissions (lbs) – – 4,319,207 

Transit Managed Lane Automation Programs 
In 2050, assuming vehicle automation technology becomes available to transit vehicles, the automated transit vehicles 

would result in lower operating costs that would potentially allow for more frequent service on certain routes and 

lower fares.  

Methodology and calculations 

SANDAG conducted a model run with increased transit operations on well utilized transit routes. Using output from 

the transit operations model run, SANDAG calculated total greenhouse gas emissions for the SB 375 vehicle classes. 

The off-model calculation reflects the CO2 emission differences between the 2050 Regional Plan preferred scenario 

and the automated transit scenario. 

Table 8 

Regional Plan and Automated Transit Scenario  
CO2 Emissions 
   2050 

2050 Regional Plan CO2 Emissions (SB 375) 82,215,442 lbs / day 

Automated Transit Scenario CO2 Emissions 81,282,787 lbs / day 

Emissions Difference (932,655) lbs / day 

 

Table 9 

Transit Managed Lane Automation and CO2  
Reduction Results 
     2020 2035 2050 

SB 375 Emissions (lbs) – – 932,655 
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Summary of Off-Model Strategies 
The six off-model greenhouse gas reduction measures described above are projected to reduce daily vehicle miles 

traveled (VMT) by nearly 3 million miles by 2050, which translates to a daily CO2 emissions reduction of 4,214 tons 

per day by 2050 (or approximately 2 lbs. per person) as shown in Table 10.  

Table 10 

Summary of Off-Model Strategies (CO2 lbs / day) 
 2020 2035 2050

Carshare (350,474) (967,506) (1,498,870)

Vanpools (643,349) (915,197) (1,189,495)

Carpools (35,078) (34,796) (34,793)

Plug-in Electric Vehicle Charging 

Stations 
(78,167) (386,783) (454,765)

Managed Lane Automation – – (4,319,207)

Transit Automation – – (932,655)

Total SB 375 CO2 Off-Model 

Adjustments 
(1,107,068) (2,304,282) (8,429,785)

ARB EMFAC 2007 to EMFAC 2014 CO2 Adjustments 
On June 30, 2015, ARB staff transmitted a memorandum to Metropolitan Planning Organization (MPO) technical staff 

providing “guidance on how to deal with changes arising from different EMFAC versions” for the greenhouse gas 

quantification determinations for the second round of Sustainable Communities Strategies (SCS). According to the 

enclosed memorandum, in 2010, ARB established regional SB 375 greenhouse gas targets in the form of a percent 

reduction per capita from 2005 for passenger vehicles using the ARB Emission Factor model, EMFAC 2007. Since the 

time when targets were set using EMFAC 2007, ARB has released two subsequent versions, EMFAC 2011 and 

EMFAC 2014. ARB has updated the carbon dioxide (CO2) emission rates in EMFAC 2011 and EMFAC 2014, based on 

recent emission testing data and updated energy consumption for air conditioning. In addition, vehicle fleet mix has 

been updated in EMFAC 2011 and again in EMFAC 2014 based on the latest available Department of Motor Vehicle 

data at the time of model development. These changes have lowered the overall CO2 emission rates in EMFAC 2011 

and EMFAC 2014 compared to EMFAC 2007. 
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ARB staff developed a methodology to allow MPOs to adjust the calculation of percent reduction in per capita CO2 

emissions used to meet the established targets when using either EMFAC 2011 or EMFAC 2014 for their second 

round RTP/SCS. This method will neutralize the changes in fleet average emission rates between the version used for 

the first RTP/SCS and the version used for the second RTP/SCS. The adjustment for SANDAG is +2 percent per capita 

reductions; that is, SANDAG has to reduce the estimated change in CO2 by two additional percentage points. For 

example, before the ARB adjustment, SB 375 per capita reductions for 2020 were 17 percent, and after applying the 

adjustment, the reductions became 15 percent. Table 11 provides a summary of the CO2 per capita reductions from 

the on-model components, from the off-model analysis of the six strategies included in this attachment, and the ARB 

adjustment factor.  

Table 11 

Summary of CO2 Per Capita Reductions – On and Off-Model Results 
 2020 2035 2050 

Per Capita Reduction (On-Model Results Only) 16% 21% 23% 

Per Capita Reduction (Off-Model Results Only) 1% 2% 8% 

ARB Adjustment Factor -2% -2% -2% 

Total Per Capita Reduction 15% 21% 29% 
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Endnotes 
                                                      
1 Round-trip carshare services require users to return a rented vehicle to the pick-up location (e.g., Zipcar). 
2 Zipcar. http://www.zipcar.com/business/is-it/greenbenefits. Accessed August 3, 2015. 
3 Zhou, B., Kockelman, K., and Gao, R. "Opportunities for and Impacts of Carsharing: A Survey of the Austin, Texas Market", Transportation 

Research Board, 2009. 
4 Residential density thresholds align with those established for the SANDAG Smart Growth Opportunity Areas. Mixed-Use Transit Corridors 

require a residential density minimum of 69 persons per acre while Community Center and/or Town Centers align with a residential density 

minimum of 55 persons per acre. Additional information on SANDAG Smart Growth Opportunity Areas can be found here: 

http://www.sandag.org/uploads/projectid/projectid_296_14002.pdf. 
5 A one-way carshare service allows a user to rent a vehicle at one location and end the trip at another location within the carshare service area 

(e.g., car2go). 
6 Peer-to-peer carshare allows vehicle owners to rent their personal cars to others for a daily or hourly rate via a website or mobile app 

(e.g., RelayRides). This model offers a way in which vehicle owners can maximize vehicle use in lieu of keeping it parked at a single location. 
7 The daily VMT reduction of seven miles per carshare member was established based on academic research: (1) Shaheen and Cohen, "Innovative 

Mobility Carsharing Outlook" (Summer 2013); (2) Cervero, Golub, and Nee, "City CarShare: Longer-Term Travel-Demand and Car Ownership 

Impacts", July 2006, Transportation Research Board 2007 Annual Meeting paper. 
8 Emissions rates from EMFAC 2014 v.1.0.7. 
9 Figure not inclusive of marketing and administrative costs. 
10 ($30 gift card + $2.50 activation fee per card) x 3 months x 2.1 people per carpool. 
11 Retention rates were based on case study research. In 2009 SANDAG commissioned a study to analyze rideshare incentive programs and 

develop an incentive program framework for the San Diego region. The study evaluated rideshare incentive programs offered by the 

San Bernardino Association of Governments (SANBAG) and the Riverside County Transportation Commission (RCTC) and found that 90 percent 

of participants continued to rideshare after participating in the program. A Transportation Research Board (TRB) study entitled “Duration of 

Carpool and Vanpool by Rides Clients” evaluates the San Francisco Bay Area ridesharing program and found that 50 percent of participants 

were still carpooling 30 months after they received assistance from the rideshare program. Research from Denver (Survey of Work Commuters in 

the Denver Area, DRCOG (2010)) and Virginia (Methodologies for Determining Carpooler and Vanpool Average Life Bases and the Average Fuel 

Economy of Commuter Vehicles, VHTRC) revealed that the average lifespan of a carpool was between 2.25 - 3.2 years.  
12 Per the SANDAG activity-based model. 

http://www.zipcar.com/business/is-it/greenbenefits
http://www.sandag.org/uploads/projectid/projectid_296_14002.pdf


From: Taylor, Jonathan@ARB [mailto:jonathan.taylor@arb.ca.gov]  

Sent: Tuesday, June 30, 2015 5:24 PM 
To: Daniels, Clint; 'Guoxiong Huang'; Bruce Griesenbeck (BGriesenbeck@sacog.org); David Ory; Tanisha 

Taylor (Taylor@sjcog.org); ehahn@Stancog.org; Matt Fell (matt.fell@mcagov.org); 
terri.king@co.kings.ca.us; jeff@maderactc.org; Kai Han (KHan@fresnocog.org); RBrady@tularecog.org; 

Vincent Liu (vliu@kerncog.org); Bhupendra Patel (BPatel@ambag.org); JWorthley@slocog.org; 

blasagna@bcag.org; 'Andrew Orfila'; Sean Tiedgen (stiedgen@srta.ca.gov); Norberg, Keith@TRPA 
Cc: Ken Kirkey; ggarry@sacog.org; Stoll, Muggs; Huasha Liu (LIU@scag.ca.gov) (LIU@scag.ca.gov); 

Mike Bitner (mbitner@fresnocog.org); rball@kerncog.org; terri.king@co.kings.ca.us; 
patricia@maderactc.org; Marjie.Kirn@mcagov.org; nguyen@sjcog.org; Park, Rosa@DOT; 

BKimball@tularecog.org; cdevine@bcag.org; hadamson@ambag.org; SDevencenzi@slocog.org; 
pimhof@sbcag.org; dlittle@srta.ca.gov; Haven, Nick@TRPA; Kalandiyur, Nesamani@ARB; Roberts, 

Terry@ARB 

Subject: Methodology to Adjust EMFAC Output for SB 375 Target Demonstrations 

 
To All MPO Technical Staff, 
 
Now that many of the MPOs are working on their second round of SCSs, and with ARB recently releasing 
a new version of EMFAC, we want to provide guidance on how to deal with changes arising from 
different EMFAC versions as you do your GHG quantification determinations for the second round of 
SCSs. 
 
We request that you use the attached methodology if you will be using a different version of EMFAC for 
quantifying reductions from your second SCS than the EMFAC version you used for your first SCS.  Our 
intent with this methodology is to maintain the same level of stringency for meeting the current targets 
even though there are emission rate changes when switching EMFAC versions.  When targets are 
updated next year, they will probably be based on EMFAC 2014, therefore, this methodology would not 
be required with the new targets until a new version of EMFAC was released to supersede EMFAC 
2014.  Our plan is to update the methodology at that time. 
 
Please look over this methodology and let us know if you have any questions or concerns.   For general 
questions, please contact me by email at jonathan.taylor@arb.ca.gov or by phone at 916-445-8699.  For 
specific technical questions on the adjustment calculations, please contact Nesamani Kalandiyur at 
nesamani.kalandiyur@arb.ca.gov or 916-324-0466. 
 
I’d like to take this opportunity to thank all of you for your generous assistance and patience as ARB staff 
have evaluated your SCSs.  I am sure you are all proud of your accomplishments in meeting the goals of 
SB 375, and we ARB staff look forward to continuing to work with all of you. 
 
Best, 
 
Jon 
 
Jonathan Taylor, P.E. 
Assistant Chief, 
Air Quality Planning and Science Division 
California Air Resources Board 
jonathan.taylor@arb.ca.gov 
Ph. 916-445-8699 
FAX: 916-322-3646 
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Methodology to Calculate CO2 Adjustment to EMFAC Output for       
SB 375 Target Demonstrations 

Background:   

In 2010, ARB established regional SB 375 greenhouse gas (GHG) targets in the form of 
a percent reduction per capita from 2005 for passenger vehicles using the ARB 
Emission Factor model, EMFAC 2007.  EMFAC is a California-specific computer model 
that calculates weekday emissions of air pollutants from all on-road motor vehicles 
including passenger cars, trucks, and buses.  ARB updates the EMFAC model 
periodically to reflect the latest planning assumptions (such as vehicle fleet mix) and 
emissions estimation data and methods.  Since the time when targets were set using 
EMFAC2007, ARB has released two subsequent versions, EMFAC20111 and 
EMFAC20142.   

ARB has improved the carbon dioxide (CO2) emission rates in EMFAC2011 and 
EMFAC2014, based on recent emission testing data and updated energy consumption 
for air conditioning.  In addition, vehicle fleet mix has been updated in EMFAC2011 and 
again in EMFAC2014 based on the latest available Department of Motor Vehicle data at 
the time of model development.  These changes have lowered the overall CO2 
emission rates in EMFAC2011 and EMFAC2014 compared to EMFAC2007.   

Purpose: 

Some metropolitan planning organizations (MPOs) used EMFAC 2007 to quantify GHG 
emissions reductions from their first Regional Transportation Plan/Sustainable 
Communities Strategy (RTP/SCS); others used EMFAC 2011.  As MPOs estimate GHG 
emissions reductions from subsequent RTP/SCSs, they will use the latest approved 
version of EMFAC, but using a different model will influence their estimates and their 
ability to achieve SB 375 targets. The goal of this methodology is to hold each MPO to 
the same level of stringency in achieving their SB 375 targets regardless of the version 
of EMFAC used for its second RTP/SCS.   

ARB staff has developed this methodology to allow MPOs to adjust the calculation of 
percent reduction in per capita CO2 emissions used to meet the established targets 
when using either EMFAC2011 or EMFAC2014 for their second RTP/SCS.  This 
method will neutralize the changes in fleet average emission rates between the version 
used for the first RTP/SCS and the version used for the second RTP/SCS.  The 
methodology adjusts for the small benefit or disbenefits resulting from the use of a 
different version of EMFAC by accounting for changes in emission rates, and applies an 

                                            
1 EMFAC2011 was approved by USEPA in March 2013. 
2 EMFAC2014 is under review for USEPA approval. 
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adjustment when quantifying the percent reduction in per capita CO2 emissions using 
EMFAC2011 or EMFAC2014. 

Applicability: 

The adjustment is applicable when the first RTP/SCS was developed using either 
EMFAC2007 or EMFAC2011 and the second RTP/SCS will be developed using a 
different version of the model (EMFAC2011 or EMFAC2014).   

• Hold the 2005 baseline CO2 per capita estimated in the first RTP/SCS constant.  
Use both the human population and transportation activity data (VMT and speed 
distribution) from the first RTP/SCS to calculate the adjustment.   

• Add the adjustment to the percent reduction in CO2 per capita calculated with 
EMFAC2011 or EMFAC2014 for the second RTP/SCS.  This will allow equivalent 
comparison to the first RTP/SCS where emissions were established with EMFAC 
2007 or EMFAC2011.   

Example Adjustment Calculation (hypothetical for illustration purposes):   

In this example, the first RTP/SCS was developed using EMFAC2007 and the second 
RTP/SCS using EMFAC2011 to calculate the CO2 per capita. 

Step1: Compile the CO2 per capita numbers from the MPO’s first adopted RTP/SCS 
using EMFAC 2007 without any off-model adjustments for calendar years (CY) 2005, 
2020, and 2035 for passenger vehicles.   

Calendar Year EMFAC2007 CO2 Per capita (lbs/day) 
2005 30.0 
2020 28.8 
2035 27.6 

 

Step 2: Calculate the percent reductions in CO2 per capita from the 2005 base year for 
CY 2020 and 2035 from Step 1. 

Calendar Year EMFAC2007 Percent Reductions (%) 
2020 4.0% 
2035 8.0% 

 

Step 3: Develop the input files for the EMFAC2011 model using the same activity data 
for CY 2020 and 2035 from the first adopted RTP/SCS (same activity data used in Step 
1) and execute the model.   
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Step 4: Calculate the CO2 per capita for CY 2020 and 2035 using the EMFAC2011 
output from Step 3; do not include Pavley I, LCFS, and ACC benefits for passenger 
vehicles.   

Calendar Year EMFAC2011 CO2 Per capita (lbs/day) 
2020 28.2 
2035 27.9 

 

Step 5: Calculate the percent reductions in CO2 per capita for CY 2020 and 2035 
calculated in Step 4 from base year 2005 established in Step 1. 

Calendar Year EMFAC2011 Percent Reductions (%) 
2020 6.0% 
2035 7.0% 

 

Step 6: Calculate the difference in percent reductions between Step 5 and Step 2 
(subtract Step 5 results from Step 2 results) for CY 2020 and 2035; this yields the 
adjustment for the respective CY.  

Calendar Year EMFAC2011 Adjustment (%) 
2020 -2.0% 
2035 +1.0% 

 

Step 7: Develop the input files for the EMFAC2011 model using the activity data from 
the new/second RTP/SCS for CY 2020 and 2035 without any off-model adjustments 
and execute the model.   

Step 8: Calculate the CO2 per capita for CY 2020 and 2035 using the EMFAC2011 
output from Step 7; do not include Pavley I, LCFS, and ACC benefits for passenger 
vehicles. 

Calendar Year EMFAC2011 CO2 Per capita (lbs/day) 
2020 26.4 
2035 26.1 

 

Step 9: Calculate the percent reductions in CO2 per capita for CY 2020 and 2035 
calculated in Step 8 from base year 2005 established in Step 1. 

Calendar Year EMFAC2011 Percent Reductions (%) 
2020 12.0% 
2035 13.0% 
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Step 10: Add the adjustment factors from Step 6 to the percent reductions calculated for 
the new/second RTP/SCS (Step 9) using EMFAC 2011 for CY 2020 and 2035.  

Calendar Year Adjusted Percent Reductions (%) 
2020 10.0% 
2035 14.0% 

 

Follow the same steps to adjust for use of EMFAC2007 or EMFAC2011 to 
EMFAC2014.  Do not include any off-model adjustments during application of the 
EMFAC adjustment factor.  

 

Appendix C: Attachment 2 - SANDAG Off Model Greenhouse Gas Reduction Methodology 47


	Appendix C - Sustainable Communities Strategy Documntation and Related Information
	SB 375 Greenhouse Gas Reduction Targets set by the California Air Resources Board and Results of Greenhouse Gas Emissions ReductionsHousing Goals
	Breakdown of the Regional Plan’s SCS Components that Contribute to SB 375 Per Capita Greenhouse Gas Reductions
	Housing Goals

	Attachment 1 - Methodology to Calculate CO2 Adjustment to EMFAC Output for SB 375 Target Demonstrations
	Attachment 2 - SANDAG Off-Model Greenhouse Gas

Reduction Methodology



