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I. Introduction 
The Metropolitan Transportation Commission (MTC) prepares a transportation-air quality conformity 
analysis (“conformity analysis”) when it amends or updates its Regional Transportation Plan (RTP), 
and/or updates its Transportation Improvement Program (TIP), or adds or deletes regionally significant, 
non-exempt projects into the TIP. 

The purpose of this conformity analysis is to reconform the Amended RTP (“Plan Bay Area 2040”) and to 
conform the 2019 TIP in accordance with the latest U.S. Environmental Protection Agency (EPA) 
transportation conformity regulations and the Bay Area Conformity State Implementation Plan 
(Conformity SIP), which is also known as the Bay Area Air Quality Conformity Protocol (MTC Resolution 
No. 3757). This conformity analysis addresses the 2008 national ambient air quality standard (NAAQS) 
for 8-hour ozone, the 8-hour national carbon monoxide standard, and the 2006 national 24-hour fine 
particulate matter (PM2.5) standard. 

This report explains the basis for the conformity analysis and provides the results used by MTC to make 
a positive conformity finding for the Amended Plan Bay Area 2040 and the 2019 TIP. 

Purpose of Conformity Analysis 
The Federal Clean Air Act, as amended in 1990 (CAAA) outlines requirements for ensuring that federal 
transportation plans, programs, and projects are consistent with (“conform to”) the purpose of the SIP. 
Conformity to the purpose of the SIP means that transportation activities will not cause new air quality 
violations, worsen existing violations, or delay timely attainment of the relevant national ambient air 
quality standards. A conformity finding demonstrates that the total emissions projected for a 
transportation plan (“RTP”) or program (“TIP”) are within the emissions limits ("budgets") established by 
the SIP, and that transportation control measures (TCMs) are implemented in a timely fashion. 

Conformity requirements apply in all non-attainment and maintenance areas for transportation-related 
criteria pollutants and related precursor emissions. For the Bay Area, the criteria pollutants to be 
addressed are ground-level ozone, carbon monoxide, and PM2.5; and the precursor pollutants to be 
addressed include volatile organic compounds (VOC) and oxides of nitrogen (NOX) for ozone and for 
PM2.5. EPA’s most recent revisions to its transportation conformity regulations to implement the 1990 
Federal Clean Air Act section 176 were published in the Federal Register on March 14, 20121. 

Metropolitan Planning Organizations (MPOs) such as MTC are required to follow these regulations, and 
any other procedures and criteria contained in the EPA-approved Conformity SIP (Transportation-Air 
Quality Conformity Protocol) for the Bay Area. In the Bay Area, procedures were first adopted in 
September 1994 to comply with the 1990 CAAA. Four subsequent amendments to the transportation 
conformity procedures in August 1995, November 1995, August 1997, and July 2006 have been adopted 
by the three co-lead agencies (MTC, Association of Bay Area Governments (ABAG), and Bay Area Air 
Quality Management District (BAAQMD)). MTC Resolution 3757 represents the latest San Francisco Bay 
Area Transportation-Air Quality Conformity Protocol adopted by the three agencies in July 2006. Acting 
on behalf of the three agencies, the BAAQMD submitted this latest Protocol to California Air Resources 
Board (CARB) as a revision to the Bay Area Conformity SIP. CARB approved this proposed revision to the  

                                                           
1 The current version of the regulations is available on EPA’s Transportation Conformity website at https://www.epa.gov/state-
and-local-transportation/current-law-regulations-and-guidance-state-and-local-transportation 

https://www.epa.gov/state-and-local-transportation/current-law-regulations-and-guidance-state-and-local-transportation
https://www.epa.gov/state-and-local-transportation/current-law-regulations-and-guidance-state-and-local-transportation
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Figure 1: Map of the Non-Attainment Area for the San Francisco Bay Area 
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Bay Area’s Conformity SIP in December 2006 and transmitted it to EPA for final action. EPA approved the 
Bay Area Conformity SIP in December 2007 (40 CFR Part 52). 

These regulations and resolutions state in part that, MTC cannot approve any transportation plan, 
program, or project unless these activities conform to the purpose of the federal air quality plan. 
"Transportation plan" refers to the RTP. "Program" refers to the TIP, which is a financially realistic set of 
highway and transit projects to be funded over the next four years. A "transportation project" is any 
highway or transit improvement, which is included in the RTP and TIP and requires funding or approval 
from the Federal Highway Administration (FHWA) or the Federal Transit Administration (FTA). 
Conformity regulations also affect regionally significant non-federally funded projects which must be 
included in a conforming transportation plan (“RTP”) and program (“TIP”). 

Status of Regional Transportation Plan 
A regional transportation plan, or RTP, is a plan which includes both long-range and short-range 
strategies and actions that lead to the development of an integrated multimodal transportation system 
to facilitate the safe and efficient movement of people and goods in addressing current and future 
transportation demand. State law requires that RTP’s include a Sustainable Communities Strategy (SCS) 
to identify a forecasted land use development pattern that when integrated with the future 
transportation system will meet the region’s greenhouse gas reduction target set by CARB. As required 
by federal and state planning regulations, the RTP covers a minimum planning horizon of 20 years and is 
updated every four years in areas which do not meet federal air quality standards (“non-attainment”). 
The RTP is financially constrained to ensure project costs do not exceed regionally expected 
transportation revenues over the planning horizon. Once adopted, the RTP guides the development of 
the TIP for the region. 

The San Francisco Bay Area’s RTP/SCS is called Plan Bay Area 2040 (“the Plan”), was originally adopted in 
July 2017, and is an update to Plan Bay Area (2013). Plan Bay Area 2040 represents a strategic 
investment strategy to maintain existing transportation infrastructure, service, and system performance 
for Bay Area travelers through horizon year 2040. It includes a regional transportation investment 
strategy and subsequent list of highway, transit, local roadway, bicycle, and pedestrian projects 
identified through regional and local transportation planning processes. In addition, Plan Bay Area 2040 
includes a focused growth land use pattern designed to reduce passenger vehicle travel in an effort to 
meet the region’s greenhouse gas reduction target set by CARB. 

Starting with the current state of the region, Plan Bay Area 2040 describes its goals, a proposed growth 
pattern and supporting transportation investment strategy, and key actions needed to address ongoing 
and long-term regional challenges. The Plan also includes supplemental reports for additional details. 
These documents and the adopted Plan can be found at http://2040.planbayarea.org/reports. 

In March 2018, MTC and ABAG amended Plan Bay Area 2040 to modify the scope and project cost of the 
U.S. Highway 101 Managed Lanes Project in San Mateo County (RTPID 17-06-0007). The amendment 
updated the cost, clarified the project description, and modified lane configuration assumptions along 
the U.S. Highway 101 corridor to accommodate an Express Lane. In addition, the amendment increased 
the total project cost to $534 million. The Commission approved the Transportation-Air Quality 
Conformity Analysis for Amended Plan Bay Area 2040 and Amended 2017 Transportation Improvement 
Program on March 28, 2018 (MTC Resolution No. 4325). The FHWA and FTA approved MTC’s conformity 
determination for the Amended Plan Bay Area 2040 and the Amended 2017 TIP on May 17, 2018. 
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This conformity analysis will serve to demonstrate that the Amended Plan Bay Area 2040 conforms to 
the SIP. Refer to Appendix B for a detailed list of projects included in the Amended Plan Bay Area 2040.  

Status of Transportation Improvement Program  
The federally required transportation improvement program, or TIP, is a comprehensive listing of 
surface transportation projects for the San Francisco Bay Area that receive federal funds, are subject to 
a federally required action, or are regionally significant. MTC, as the federally designated MPO, prepares 
and adopts the TIP at least once every four years. The TIP covers a four-year period and must be 
financially constrained by year, meaning that the amount of dollars committed to the projects (also 
referred as “programmed”) must not exceed the amount of dollars estimated to be available. Adoption 
of the TIP must be accompanied by an air quality conformity analysis and finding, and all projects 
included in the TIP must be derived from and/or be consistent with the RTP. 
 
The 2019 TIP contains approximately 800 projects totaling about $13.2 billion over the four-year period 
from fiscal year 2019-20 to 2021-22. This conformity analysis serves to conform the 2019 TIP and 
Amended Plan Bay Area 2040. 
 
Refer to Appendix A1 for a detailed listing of projects/programs in the 2019 TIP. Note that specific 
funding sources are identified in the TIP itself. Appendix A2 list the projects in the 2019 TIP with updated 
conformity analysis years. 

II. Bay Area Air Pollutant Designations 
National 1-Hour Ozone Standard 
The Bay Area was initially designated as nonattainment for ozone on March 3, 1978. On November 6, 
1991, the EPA designated the Bay Area as a moderate ozone non-attainment area. Based on “clean” air 
monitoring data from 1990 to 1992, the co-lead agencies—BAAQMD, MTC, and ABAG— determined 
that the Bay Area was attaining the 1-hour ozone standard and requested that CARB forward a re-
designation request and an ozone maintenance plan to EPA. 

On May 25, 1995, after evaluating 1990-1992 monitoring data and determining that the Bay Area had 
continued to attain the standard, the EPA re-designated the Bay Area as an ozone maintenance area. 
Shortly thereafter, the area began violating the standard again and on July 10, 1998, the EPA published a 
Notice of Final Rulemaking re-designating the Bay Area back to an ozone non-attainment area. This 
action became effective on August 10, 1998.  

The re-designation to nonattainment triggered an obligation for the State to submit a SIP revision 
designed to provide for attainment of the 1-hour ozone NAAQS by November 15, 2000. This revision 
(the San Francisco Bay Area Ozone Attainment Plan for the 1-hour National Ozone Standard – June 1999 
or “1999 Plan”) was partially approved and partially disapproved by EPA on September 20, 2001 in 
conjunction with a determination that the area had failed to attain by the November 2000 deadline. The 
attainment demonstration and its associated motor vehicle emissions budgets were among the plan 
elements that were disapproved. 

As a result of the EPA’s finding of failure to attain and partial disapproval of the 1999 Plan, the State was 
required to submit a SIP revision for the Bay Area to EPA by September 20, 2002 that included an 
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updated volatile organic compounds (VOC) and nitrogen oxides (NOX) emissions inventory, new 
transportation conformity budgets, and provided for attainment of the 1-hour ozone standard no later 
than September 20, 2006. On November 1, 2001, CARB approved the San Francisco Bay Area 2001 
Ozone Attainment Plan for the 1-Hour National Ozone Standard (2001 Plan) as a revision to the SIP. The 
BAAQMD and its co-lead agencies, (MTC and ABAG) adopted the 2001 Plan on October 26, 2001. 

The 2001 Plan contains a control strategy with seven stationary source measures, five transportation 
control measures (TCMs), and eleven further-study measures. In the 2001 Plan, the District also 
committed to strengthening the then existing Smog Check program by requesting the State Bureau of 
Automotive Repair to implement two VOC-reducing program elements. The new measures and on-going 
programs will provide 271 tons per day of combined VOC and NOx emission reductions between 2000 
and 2006. The 2001 Plan also included an attainment assessment based on Bay Area data.  

On November 30, 2001, ARB submitted the 2001 Plan, which included VOC and NOx motor vehicle 
emissions budgets (164.0 tons per day (tpd) and 270.3 tpd, respectively) for the 2006 attainment year, 
to EPA for approval as a revision to the California SIP. To support the on-road motor vehicle emission 
inventory and transportation conformity budgets in the Plan, CARB also transmitted the San Francisco 
Bay Area-EMFAC2000 model to EPA for approval for the Bay Area ozone non-attainment area. On 
February 14, 2002, the EPA found the motor vehicle emissions budgets in the 2001 Plan adequate for 
transportation conformity purposes, based on its preliminary determination that the plan provided for 
timely attainment of the 1-hour ozone standard. 

On April 22, 2004, based on air quality monitoring data from the 2001, 2002, and 2003 ozone season, 
EPA determined that Bay Area had attained the national 1-hour ozone standard. s. Because of this 
determination, requirements for some of the elements of the 2001 Ozone Attainment Plan, submitted 
to EPA to demonstrate attainment of the 1-hour standard, were suspended. The determination of 
attainment did not mean the Bay Area had been re-designated as an attainment area for the 1-hour 
standard. To be re-designated, the region would have had to submit a formal re-designation request to 
EPA, along with a maintenance plan showing how the region would continue to attain the standard for 
ten years. However, this re-designation request was no longer necessary upon the establishment of the 
new national 8-hour ozone standard. 

National 8-Hour Ozone Standard 
In July 1997, EPA revised the ozone standard, setting it to 80 parts per billion (ppb) in concentration-
based specifically on the 3-year average of the annual 4th highest daily maximum 8-hour ozone 
concentrations. In April 2004, EPA issued final designations for attainment and non-attainment areas. In 
June 2004, EPA formally designated the Bay Area as a non-attainment area for national 8-hour ozone 
and classified the region as “marginal” based on five classes of non-attainment areas for ozone, ranging 
from marginal to extreme. 

In March 2008, EPA lowered the national 8-hour ozone standard from 80 ppb to 75 ppb. On March 12, 
2009, CARB submitted its recommendations for area designations for the revised national 8-hour ozone 
standard. These recommendations were based on ozone air quality data collected during 2006 through 
2008. The CARB recommended that the Bay Area be designated as non-attainment for the national 8-
hour ozone standard. EPA had one year to review the recommendations and were to notify states by 
November 12, 2009, if they planned to modify the state-recommended areas. EPA issued final 
designations by March 12, 2010, based on more up to date monitoring data. 
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On October 1, 2015, EPA strengthened the NAAQS for ground-level ozone to 70 ppb, based on extensive 
scientific evidence about ozone’s effects on public health and welfare. The updated standards will 
improve public health protection, particularly for at-risk groups including children, older adults, people 
of all ages who have lung diseases such as asthma, and people who are active outdoors, especially 
outdoor workers. They also will improve the health of trees, plants and ecosystems. 

Proposed implementation rule for the 2015 ozone standard was published November 17, 2016 (81 FR 
81276) and proposed a framework for nonattainment area classifications and SIP requirements. In 
addition, the proposed rule follows the approach adopted for the previous Classifications Rule and SIP 
Requirements Rule (SRR) for the 2008 ozone NAAQS. 

In September 2016, CARB recommended to EPA that the San Francisco Bay Area be in nonattainment for 
the 70 ppb 2015 ozone NAAQS. EPA concurred with CARB’s recommendation and on April 30, 2018, EPA 
completed area designations for most of the United States (including the San Francisco Bay Area). These 
final designations will take effect 60 days after the notice is published in the Federal Register. 

In addition, because marginal 8-hour ozone areas are not required to submit an attainment 
demonstration SIPs (containing on-road motor vehicle emission budgets required to demonstrate 
conformity), the conformity finding in this report is based on the approved 1-hour ozone on-road motor 
vehicle emission budgets contained in the Bay Area’s 2001 Plan. 

National PM2.5 Standard 
In 1987, The EPA established a standard for particle pollution equal to or smaller than 10 micrometers in 
diameter. A decade later, the 1997 revision to the standard set the stage for change, when a separate 
standard was set for fine particulate matter (particles that are 2.5 micrometers in diameter and smaller). 
Citing the link between serious health problems and premature death in people with heart or lung 
disease, the 1997 revision ultimately distinguished and set forth regulation on particle pollutants known 
as particulate matter 2.5 (PM2.5) and particulate matter 10 (PM10). Based on air quality monitoring data, 
the Bay Area was found to be attaining the 1997 PM2.5 standards. 

In 2006, the EPA revised the air quality standards for particle pollution. The 24-hour PM2.5 standard was 
strengthened by lowering the level from 65 micrograms per cubic meter (µg/m³) to 35 µg/ m³. The 
annual fine particle standard at 15 µg/ m³ remained the same. Also, in 2006, the EPA published a final 
rule that established transportation conformity criteria and procedures to determine transportation 
projects that required analysis for local air quality impacts for PM2.5 in non-attainment and maintenance 
areas. The newly established criteria and procedures require that those areas designated as 
nonattainment areas must undergo a regional conformity analysis for PM2.5. Furthermore, the 
procedures also mandate that areas designated as non-attainment must complete an additional project-
level PM2.5 hot-spot analysis of localized impacts for transportation projects of air quality concern. 

On December 14, 2009, EPA designated the Bay Area as non-attainment for the national 24-hour PM2.5 
standard based upon violations of the standard over the three-year period from 2007 through 2009. 
Pursuant to the Clean Air Act, the Bay Area and MTC were subject to the requirement (beginning on 
December 14, 2010) to demonstrate that the RTP and TIP conformed to the SIP. In addition, beginning 
on December 14, 2010, certain roadway and transit projects that involve significant levels of diesel 
vehicle traffic needed to prepare PM2.5 hot-spot analyses. 
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National 8-Hour Carbon Monoxide Standard 
In April 1998, the Bay Area was re-designated to a “maintenance area” for the national 8-hour carbon 
monoxide (CO) standard, having demonstrated attainment of the standards. As a maintenance area, the 
region must assure continued attainment of the CO standard.  

Under 40 CFR 93.102(b)(4) of EPA’s regulations, transportation conformity applies to maintenance areas 
through the 20-year maintenance planning period, unless the maintenance plan specifies that the 
transportation conformity requirements apply for a longer time period. Pursuant to the CAAA’s section 
176(c)(5) and as explained in the preamble of the 1993 final rule, conformity applies to areas that are 
designated nonattainment or are subject to a maintenance plan approved under the CAAA section 175A. 
The section 175A maintenance planning period is 20 years, unless the applicable implementation plan 
specifies a longer maintenance period2. The EPA further clarified this conformity provision in its January 
24, 2008 final rule3.  

The approved maintenance plan for the San Francisco-Oakland-San Jose Carbon Monoxide 
nonattainment area did not extend the maintenance plan period beyond 20 years from re-designation. 
Consequently, transportation conformity requirements for CO will cease to apply after June 1, 2018 (i.e., 
20 years after the effective date of the EPA’s approval of the first 10-year maintenance plan and re-
designation of the area to attainment for CO NAAQS). As a result, as of June 1, 2018 – transportation 
conformity requirements no longer apply for the CO NAAQS in the San Francisco-Oakland-San Jose CO 
nonattainment area for Federal Highway Administration/Federal Transit Association projects as defined 
in 40 CFR 93.101. 

Approved Motor Vehicle Emissions Budgets and Conformity Tests 
The Bay Area has conformity requirements for national ozone, CO, and PM2.5 standards. Under the 
ozone and CO standard, the Bay Area has to meet an on-road motor vehicle emission “budget” test. 
Because the Bay Area does not have on-road motor vehicle emission budgets for PM2.5 that have been 
determined to be adequate by EPA, it has to meet an emission interim test for the PM2.5 standard. To 
make a positive conformity finding for ozone and CO, MTC must demonstrate that the calculated on-
road motor vehicle emissions in the region are lower than the approved budgets. To make a positive 
“interim” conformity finding for PM2.5, MTC must meet “build not greater than no build” or “build not 
greater than baseline year” tests based on PM2.5 exhaust, tire wear, and brake wear, and NOX as a PM2.5 
precursor, emissions. 

On-road motor vehicle emissions budgets for VOC and NOX, which are ozone precursors, were 
developed for the 2006 attainment year as part of the 2001 1-hour Ozone Attainment Plan. The VOC 
and NOX budgets were found to be adequate by EPA on February 14, 2002 (67 FR 8017), and were 
subsequently approved by EPA on April 22, 2004 (69 FR 21717). Note that under EPA’s conformity rule 
for the national 8-hour ozone standard, the existing 1-hour on-road motor vehicle emission budgets are 
to be used for conformity analyses until they are replaced. 

The on-road motor vehicle emission budgets are listed below: 

• VOC: 164 tons per day (2006 and beyond) 
• NOX: 270.3 tons per day (2006 and beyond) 

                                                           
2 See 58 FR 62188, 62206 (November 24, 1993) 
3 See 73 FR 4420, at 4434-5 (January 24, 2008) 
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For PM2.5, initially the Bay Area was required to prepare a SIP by December 2012 to show how the 
region would attain the standard by December 2014. In addition, although the Bay Area was designated 
as non-attainment for the national 24-hour PM2.5 standard based on monitoring data for the 2006-2008 
period, the region exceeded the standard by only a slight margin. 

Monitoring data shows that the Bay Area currently meets the national standards for both annual and 
24-hour PM2.5 levels. However, because the health effects of PM are serious and far-reaching, and no 
safe threshold of exposure to PM has yet been identified, it is important that we continue efforts to 
further reduce PM emissions and concentrations.4 

Under US EPA guidelines, a region with monitoring data showing that it currently attains an air quality 
standard can submit a “re-designation request” and a “maintenance plan” in lieu of a SIP attainment 
plan. However, the BAAQMD believes that it would be premature to submit a PM2.5 re-designation 
request for the Bay Area at this time. Instead, the BAAQMD has pursued another option provided by US 
EPA guidelines for areas with monitoring data showing that they currently meet the PM2.5 standard. In 
December 2011, CARB submitted a “clean data finding” request on behalf of the Bay Area. On January 9, 
2013, EPA took final action and determined that the Bay Area attained the 2006 24-hour PM2.5 standard. 
EPA’s determination was based on complete, quality-assured, and certified ambient air monitoring data 
showing that the area monitored attainment based on the 2009-2011 monitoring period. Based on 
EPA’s determination, the requirements for the Bay Area to submit an attainment demonstration, 
together with RACMs, an RFP plan, and contingency measures for failure to meet RFP and attainment 
deadlines are suspended for so long as the region continues to attain the 2006 24-hour PM2.5 standard. 

Since an approved on-road motor vehicle emissions budget for PM2.5 is not available for use in this 
conformity analysis, MTC must complete one of the two interim emissions tests: 

• the build-no-greater-than-no-build test (“build/no-build test”) found at 40 CFR 93.119(e)(1), or  
• the no-greater-than-baseline year emissions test (“baseline year test”), described at 40 CFR 

93.119(e)(2). 

Per the interagency consultation via the Air Quality Conformity Task Force meeting dated May 28, 2015, 
MTC elected to use the “baseline year test”. In this test, conformity is demonstrated if in each analysis 
year, the RTP or TIP (the “build” scenarios) on-road motor vehicle emissions are less than or equal to 
emissions in the “baseline year” emission inventory. The “baseline year” for the 2006 24-hour PM2.5 

standard is the year 20085. 

Under a determination of conformity, the following criteria are applied: 

1. The latest planning assumptions and emission models are used. 
The transportation plan (“RTP”) and program (“TIP”) pass an emissions budget test using a 
budget that has been found adequate by EPA or an interim emissions test when budgets have 
not been 
established. 

2. The transportation (“RTP”) and program (“TIP”) provide for the timely implementation of 
                                                           
4 See BAAQMD’s 2017 Clean Air Plan: Spare the Air, Cool the Climate at: http://www.baaqmd.gov/~/media/files/planning-and-
research/plans/2017-clean-air-plan/attachment-a_-proposed-final-cap-vol-1-pdf.pdf?la=en 
5 Additional information is available here: https://www.epa.gov/state-and-local-transportation/baseline-year-baseline-year-
test-40-cfr-93119  

https://www.epa.gov/state-and-local-transportation/baseline-year-baseline-year-test-40-cfr-93119
https://www.epa.gov/state-and-local-transportation/baseline-year-baseline-year-test-40-cfr-93119
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TCMs. 
3. Interagency and public consultation is part of the process. 

III. Conformity Analysis & Results 
Approach to Conformity Analysis 
The latest planning assumptions were used when preparing this conformity analysis. Regional estimates 
of future travel data were estimated using MTC’s land use model (referred to as “Bay Area UrbanSim”) 
and travel model (referred to as “Travel Model One”). This integrated model framework allows for 
analysis of how transportation projects affect the surrounding land use pattern, as well as how changes 
to residential and commercial activity affect transportation demand. Travel Model One (version 0.6) 
released in July 2016, is calibrated to year 2000 conditions and validated against year 2000, year 2005, 
and year 2010 conditions. The model generates spatially- and temporally specific estimates of travel 
data—roadway usage and speed. This travel data is input into CARB’s latest EMission FACtors 
(EMFAC2014) model to estimate on-road motor vehicle emissions. 

In 2016, MTC updated the method by which Amended Plan Bay Area programmatic category projects 
are assessed and represented in Travel Model One in the analysis years between the year 2040 (the 
Horizon Year for the Amended Plan Bay Area) and the 2019 TIP. Please see Appendix C for the complete 
approach (for regional conformity modeling purposes) description. 

The EMFAC2014 model shows how California on-road motor vehicle emissions have changed over time 
and are projected to change in the future. This information helps CARB evaluate prospective control 
programs and determine the most effective, science-based proposals for protecting the environment. 
EMFAC2014 includes the latest data on California’s car and truck fleets and travel activity. The model 
also reflects the emissions benefits of CARB’s recent rulemakings, including on-road diesel fleet rules, 
Advanced Clean Car Standards, and the Smartway/Phase I Heavy Duty Vehicle Greenhouse Gas 
Regulation. The model includes updates to truck emission factors based on the latest test data. More 
details about the updates in emissions calculation methodologies and data are available in the 
EMFAC2014 Technical Support Document.6 

Bay Area UrbanSim7 and Travel Model One are responsive to numerous inputs, including demographic, 
pricing, travel behavior, and highway and transit network assumptions. For this conformity analysis, the 
two models use demographic and highway and transit network assumptions consistent with the 
Amended Plan Bay Area 20408. Highway and transit networks were updated for each analysis year to 
reflect investments in the Amended Plan Bay Area 2040 (see Appendix B) and the 2019 TIP (see 
Appendix A1 and A2). Pricing assumptions applied in Travel Model One include projected parking prices, 
gasoline and non-gasoline auto operating costs, fuel economy, bridge tolls, transit fares, and express 
lanes. Travel behavior assumptions include trip peaking factors, vehicle occupancy factors, and 
estimates of interregional commuters. Refer to Appendix D for detailed travel modeling assumptions 
used in this conformity analysis.9 

                                                           
6 Additional information is available here: http://www.arb.ca.gov/msei/categories.htm 
7 Additional information is available here: http://2040.planbayarea.org/sites/default/files/2017-

07/Land_Use_Modeling_PBA2040_Supplemental%20Report_7-2017.pdf  
8 Additional information is available here: http://www.planbayarea.org/2040-plan/final-preferred-scenario  
9 Additional information is available here: http://2040.planbayarea.org/sites/default/files/2017-
07/Travel_Modeling_PBA2040_Supplemental%20Report_7-2017_0.pdf  

http://www.arb.ca.gov/msei/categories.htm
http://www.planbayarea.org/2040-plan/final-preferred-scenario
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Regional vehicle miles traveled (VMT) and engine starts (which are needed for emission calculations) are 
forecasted using a combination of output from Travel Model One and base year (2010) EMFAC2014 
default VMT information provided by the CARB. For conformity purposes, MTC continues to employ the 
agreed to protocol for estimating VMT with updated 2010 base year data. 

A separate process was used to develop demographic assumptions for the PM2.5 “baseline year” of 
2008. Bay Area UrbanSim generates Transportation Analysis Zone (TAZ)-level data set in 5-year 
increments. The calculation of data for the interim year 2008 requires a multi-stop process. First, 
regional control totals for each attribute are calculated using straight-line extrapolations between the 
two adjacent 5-year increments (2005 and 2010). Next, each TAZ's share of the regional total is 
calculated by extrapolation of the two adjacent 5-year increments. Finally, individual TAZ totals are 
calculated by multiplying the interim year TAZ share of the regional total by the regional control total. 

Analysis Years 
The analysis years for the budget and baseline year tests are to be a year within five years from the date 
the analysis is done, the horizon year of the RTP and intermediate years as necessary so that analysis 
years are not more than ten years apart. For this conformity analysis, the analysis years 2020, 2030 and 
2040 for the 2008 ozone and 2006 PM2.5 standards. For CO, the analysis years are 2018, 2020, 2030 and 
2040. Travel data for year 2018 were interpolated between forecasted 2015 and 2020 travel data. MTC 
used Travel Model One to forecast travel data for the 2020, 2030 and 2040 analysis years. The 
forecasted travel data for each analysis year were then input into the EMFAC2014 model to calculate 
on-road motor vehicle emissions. 

Consultation Process 
MTC has consulted on the preparation of this conformity analysis and other conformity related issues 
with the Bay Area’s Air Quality Conformity Task Force. The Conformity Task Force is composed of 
representatives of EPA, CARB, FHWA, FTA, Caltrans, MTC, BAAQMD, ABAG, the nine county Congestion 
Management Agencies, and Bay Area transit operators. The Conformity Task Force reviews the analysis 
assumptions, consults on TCM implementation issues, and reviews the results of the conformity 
analysis. The task force meetings are open to the public. Topics covered in past meetings of the Air 
Quality Conformity Task Force include the following: 

April 2018 

• PM2.5 Project-Level Conformity Interagency Consultations  
• Approach to  Conformity Analysis for the 2019 Transportation Improvement Program and 

Amended Plan Bay Area 2040 
• MTC/SACOG Air Quality Planning/Conformity MOU Revision 
• 2020 and 2022 Congestion Mitigation and Air Quality (CMAQ) Performance Targets 

May 2018 

• PM2.5 Project-Level Conformity Interagency Consultations  
• Update on the Conformity Analysis for the 2019 Transportation Improvement Program and the 

Amended Plan Bay Area 

                                                           
This document is part of the Final Amended Plan Bay Area 2040 scenario planning/development effort and the technical 
methods and assumptions used in this effort are consistent with what is applied in this conformity analysis. 
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Comparison of Motor Vehicle Emissions to Budgets 
As explained earlier, on-road motor vehicle emissions budgets are established in the SIP for VOCs and 
NOX. To make a positive conformity finding, the regional on-road motor vehicle emissions must be equal 
to or less than these budgets. The results of the vehicle activity forecasts and on-road motor vehicle 
emission calculations are described in the following section. 

Ozone Motor Vehicle Emission Budgets 
For VOC and NOX, the on-road motor vehicle emission budget also reflects anticipated emission 
reductions from five Transportation Control Measures (TCMs) incorporated in the 2001 Ozone 
Attainment Plan (Table 1). 

Table 1: VOC and NOX Emissions Budgets from 2001 Ozone Attainment Plan (tons/day) 

VOC  
2006 On Road Motor Vehicle Emissions 168.5 
2006 Mobile Source Control Measure Benefits (4.0) 
2006 TCM Benefits (0.5) 
2006 Emissions Budget 164.0 
  
NOX  
2006 On Road Motor Vehicle Emissions 271.0 
2006 TCM Benefits (0.7) 
2006 Emissions Budget 270.3 

 

The vehicle activity forecasts by analysis year for the Amended Plan Bay Area 2040 and the 2019 TIP (the 
“build” scenarios) are shown in Table 2. Travel data (from MTC’s Travel Model One) was input into 
CARB’s EMFAC2014 emissions model, thereby generating regional vehicle activity and emissions 
estimates. 

The analysis years for the budget and baseline year tests are to be a year within five years from the date 
the analysis is done, the horizon year of the RTP and intermediate years as necessary so that analysis 
years are not more than ten years apart. For this conformity analysis, the analysis years 2020, 2030 and 
2040 for the 2008 ozone and 2006 PM2.5 standards. Travel data for 2020, 2030 and 2040 were 
forecasted by Travel Model One. The forecasted travel data for each analysis year were then input into 
the EMFAC2014 model to calculate on-road motor vehicle emissions. 

Table 2: Vehicle Activity Forecasts 

 2020 2030 2040 
Vehicles in use 4,699,352 5,503,145 6,227,537 
Daily VMT (1000s) 167,420 182,510 195,533 
Daily Engine Starts 29,309,833 34,101,662 38,493,145 

 

Comparison of Estimated Regional On-Road Motor Vehicle Emissions to the Ozone 
Precursor Budgets 
The vehicle activity forecasts for the Amended Plan Bay Area 2040 and the 2019 TIP, Table 2, are 
converted to emission estimates by MTC using EMFAC2014. Tables 3 compare the results of the various 
analyses with the applicable budgets. The analyses indicate that the on-road motor vehicle emissions 
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are substantially below the budget, due in large part to the effects of cleaner vehicles in the California 
fleet and the enhanced Smog Check program now in effect in the Bay Area and reflected in the 
EMFAC2014 model.  

Table 3: Emissions Budget Comparisons for Ozone Precursors – Summertime Conditions (tons/day) 

Year VOC Budget1 On-Road Motor Vehicles VOC TCMs2 Net Emissions 
2020 164.0 36.00 (0.3) 35.70 
2030 164.0 24.04 (0.3) 23.74 
2040 164.0 18.51 (0.3) 18.21 
     
Year NOX Budget On-Road Motor Vehicles NOX TCMs2 Net Emissions 
2020 270.3 65.14 (0.5) 64.64 
2030 270.3 32.88 (0.5) 32.38 
2040 270.3 28.94 (0.5) 28.44 

1 2001 Ozone Attainment Plan 
2 The transit services for TCM A Regional Express Bus Program were modeled. The emission benefits from TCM A are therefore 

included in the On-Road Motor Vehicles VOC and NOX emission inventories for 2006 and beyond. 
 

 
Figure 2: Emissions Budget Comparisons for Ozone Precursors 
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The estimated effectiveness of the various TCMs, given their current implementation status is shown in 
Table 4. TCMs A through E are fully implemented. They have achieved the required cumulative total 
emission reductions of 0.5 tons per day of VOC and 0.7 tons per day of NOX by 2006. 

Table 4: Emission Reductions for Transportation Control Measures A – E in State Implementation Plan (tons/day) 

TCM VOC Emission 
Reductions through 

December 2006 

NOX Emission 
Reductions through 

December 2006 
TCM A: Regional Express Bus Program 0.20 0.20 
TCM B: Bicycle/Pedestrian Program 0.04 0.03 
TCM C: Transportation for Livable Communities 0.08 0.12 
TCM D: Expansion of Freeway Service Patrol 0.10 0.25 
TCM E: Transit Access to Airports 0.09 0.13 
Total Reductions 0.5 0.7 

 

Baseline Year Emissions Test for PM2.5 
For the baseline year test, emissions for both directly emitted PM2.5 and NOX (as the precursor to PM2.5 
emissions) were compared to the analysis years of 2020, 2030 and 2040. The analysis used inputs for the 
winter season, during which the Bay Area experiences its highest levels of PM2.5 concentrations. 

The vehicle activity forecasts by analysis year for the Amended Plan Bay Area 2040 and the 2019 TIP (the 
“build” scenarios) are shown in Table 5. Travel data (from MTC’s Travel Model One) was input into 
CARB’s EMFAC2014 emissions model, thereby generating regional vehicle activity and emissions 
estimates. 

Table 6 presents the results of the Baseline Year test for the PM2.5 emissions and the NOX precursor for 
the 2006 24-hour PM2.5 standard. Regional conformity analyses must be completed for directly emitted 
PM2.5 (40 CFR 93.102(b)(1)). Directly emitted PM2.5 includes exhaust, brake and tire wear emissions.  

Table 5: Vehicle Activity Forecasts for the PM2.5 Baseline Year Test 

 2008 
Baseline Year 

2020 
 

2030 
 

2040 
 

Vehicles in Use 4,631,001 4,699,352 5,503,145 6,227,537 
Daily VMT (1000s) 154,100 167,420 182,510 195,533 
Engine Starts 29,299,933 29,309,833 34,101,662 38,493,145 

 

Table 6: Emissions Comparison for the PM2.5 Baseline Year Test 

 2008 
Baseline Year 

2020 
 

2030 
 

2040 
 

PM2.5 8.26 4.53 4.44 4.60 
NOX 194.58 60.09 27.12 23.06 

1 Emissions for wintertime only 
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Figure 3: Baseline Year Emissions Test for PM2.5 

 

  
Figure 4: Baseline Year Emissions Test for Wintertime NOX 
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IV. Transportation Control Measures 
History of Transportation Control Measures 
TCMs are strategies to reduce vehicle emissions. They include such strategies as improved transit service 
and transit coordination, ridesharing services and new carpool lanes, signal timing, freeway incident 
management, increased gas taxes and bridge tolls to encourage use of alternative modes, etc. The 
original set of TCMs plus the five most recent TCMs (A-E) have been fully implemented. The TCMs were 
added over successive revisions to the SIP (see Table 8). For more information on TCMs 1-28, which are 
completed, see the Transportation-Air Quality Conformity Analysis for the 2001 Regional Transportation 
Plan and FY 2001 Transportation Improvement Program Amendment 01-32 (February 2002). This report 
can be found in the MTC/ABAG Library. 

• Twelve (12) ozone measures were originally listed in the 1982 Bay Area Air Quality Plan.  
• In response to a 1990 lawsuit in the federal District Court, sixteen (16) additional TCMs were 

subsequently adopted by MTC in February 1990 as contingency measures to bring the region 
back on the “Reasonable Further Progress” (RFP) line. The Federal District order issued on 
May 11, 1992, found that these contingency TCMs were sufficient to bring the region back on 
the RFP track anticipated in the SIP. These measures became part of the SIP when EPA approved 
the 1994 Ozone Maintenance Plan.  

• Two (2) transportation control measures from the 1982 Bay Area Air Quality Plan apply to 
Carbon Monoxide control strategies, for which the region is in attainment with the federal 
standard, and primarily targeted downtown San Jose (which had the most significant CO 
problem at that time.) MTC also adopted a set of TCM enhancements in November 1991 to 
eliminate a shortfall in regional carbon monoxide emissions identified in the District Court’s 
April 19, 1991, order. Carbon monoxide standards have been achieved primarily through the use 
of oxygenated/reformulated fuels in cars and with improvements in the Smog Check program.  

• As part of EPA’s partial approval/partial disapproval of the 1999 Ozone Attainment Plan, four (4) 
TCMs were deleted from the ozone plan (but two of these remain in the Carbon Monoxide 
Maintenance Plan). 

• Five (5) new TCMs were adopted as part of the new 2001 1-Hour Ozone Attainment Plan and 
were fully funded in the 2001 TIP and 2001 Regional Transportation Plan.  

With respect to TCM 2 from the 1982 SIP, there was a protracted debate, leading to a citizens lawsuit in 
federal court, about the obligations associated with this TCM. On April 6, 2004, MTC prevailed in the 
U.S. Court of Appeals for the Ninth Circuit which concluded that TCM 2 does not impose any additional 
enforceable obligation on MTC to increase ridership on public transit ridership by 15% over 1982-83 
levels by November 2006 (Bayview Hunters Point Community Advocates v. Metropolitan Transportation 
Com’n, (2004 WL 728247, 4 Cal. Daily Op. Serv. 2919, 2004 Daily Journal D.A.R. 4209, 9th Cir.(Cal.), Apr 
06, 2004)). Thus TCM 2 has been resolved, and there are no further implementation issues to address in 
this TCM. 
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Table 7: Transportation Control Measure in the State Implementation Plan 

TCM Description 
Original TCMs from 1982 Bay Area Air Quality Plan 
TCM 1 Reaffirm Commitment to 28 percent Transit Ridership Increase Between 1978 and 1983 
TCM 2 Support Post-1983 Improvements in the Operators’ Five-Year Plans and, After 

Consultation with the Operators, Adopt Ridership Increase Target for the Period 1983 
through 1987 

TCM 3 Seek to Expand and Improve Public Transit Beyond Committed Levels 
TCM 4 High Occupancy Vehicle (HOV) Lanes and Ramp Metering 
TCM 5 Support RIDES Efforts 
TCM 61 Continue Efforts to Obtain Funding to Support Long Range Transit Improvements 
TCM 7 Preferential Parking 
TCM 8 Shared Use Park and Ride Lots 
TCM 9 Expand Commute Alternatives Program 
TCM 10 Information Program for Local Governments 
TCM 112 Gasoline Conservation Awareness Program (GasCAP) 
TCM 122 Santa Clara County Commuter Transportation Program 
Contingency Plan TCMs Adopted by MTC in February 1990 (MTC Resolution 2131) 
TCM 13 Increase Bridge Tolls to $1.00 on All Bridges 
TCM 14 Bay Bridge Surcharge of $1.00 
TCM 15 Increase State Gas Tax by 9 Cents 
TCM 161 Implement MTC Resolution 1876, Revised — New Rail Starts 
TCM 17 Continue Post-Earthquake Transit Services 
TCM 18 Sacramento-Bay Area Amtrak Service 
TCM 19 Upgrade Caltrain Service 
TCM 20 Regional HOV System Plan 
TCM 21 Regional Transit Coordination 
TCM 22 Expand Regional Transit Connection Ticket Distribution 
TCM 23 Employer Audits 
TCM 24 Expand Signal Timing Program to New Cities 
TCM 25 Maintain Existing Signal Timing Programs 
TCM 26 Incident Management on Bay Area Freeways 
TCM 27 Update MTC Guidance on Development of Local TSM Programs 
TCM 28 Local Transportation Systems Management (TSM) Initiatives 
New TCMs in 2001 Ozone Attainment Plan  
TCM A Regional Express Bus Program 
TCM B Bicycle/Pedestrian Program 
TCM C Transportation for Livable Communities 
TCM D Expansion of Freeway Service Patrol 
TCM E Transit Access to Airports 

1 Deleted by EPA action from ozone plan 
2 Deleted by EPA action from ozone plan, but retained in Carbon Monoxide Maintenance Plan. 
Source: Bay Area Air Quality Management District, Metropolitan Transportation Commission, 2001. 
 

Status of Transportation Control Measures 
TCMs A-E were approved into the SIP as part of EPA’s Finding of Attainment for the San Francisco Bay 
Area (April 2004). The conformity analysis must demonstrate that TCMs are being implemented on 
schedule (40 CFR 93.113). TCMs A-E have specific implementation steps which are used to determine 
progress in advancing these TCMs (see Table 9). TCMs A-E are now fully implemented.
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Table 8: Implementation Status of Federal Transportation Control Measures for Ozone (A – E) 

# TCM Description Ozone Attainment Plan 
Implementation Schedule 

Implementation Status 

A Regional 
Express Bus 
Program 
 

Program includes purchase of 
approximately 90 low emission buses to 
operate new or enhanced express bus 
services. Buses will meet all applicable 
CARB standards, and will include 
particulate traps or filters. MTC will 
approve $40 million in funding to various 
transit operators for bus acquisition. 
Program assumes transit operators can 
sustain service for a five-year period. 
Actual emission reductions will be 
determined based on routes selected by 
MTC. 
 

FY 2003. 
Complete once 
$40 million in 
funding pursuant 
to Government 
Code Section 
14556.40 is 
approved by the 
California 
Transportation 
Commission and 
obligated by bus operators 
 

$40 million for this program was allocated by the 
CTC in August 2001. The participating transit 
operators have ordered and received a total of 
94 buses. All buses are currently in operations. 
 
TCM A is fully implemented. 

B Bicycle / 
Pedestrian 
Program 
 

Fund high priority projects in countywide 
plans consistent with TDA funding 
availability. MTC would fund only projects 
that are exempt from 
CEQA, have no significant environmental 
impacts, or adequately mitigate any 
adverse environmental impacts. Actual 
emission reductions will be determined 
based on the projects funded. 
 

FY 2004 – 2006. 
Complete once 
$15 million in 
TDA Article 3 is 
allocated by 
MTC. 
 

MTC allocated over $20 million in TDA Article 3 
funds during FY2004, FY2005, and FY2006. 
 
TCM B is fully implemented. 

C Transportation 
for Livable 
Communities 
(TLC) 
 

Program provides planning grants, 
technical assistance, and capital grants to 
help cities and nonprofit agencies link 
transportation projects with community 
plans. MTC would fund only projects 
that are exempt from CEQA, have no 
significant environmental impacts, or 
adequately mitigate any adverse 
environmental impacts. Actual emission 

FY 2004 – 2006. 
Complete once 
$27 million in 
TLC grant 
funding is 
approved by 
MTC 
 

In December 2003, the Commission reaffirmed 
its commitment of $27 million annually over 25 
years for the TLC program as part of Phase 1 of 
the Transportation 2030 Plan. 
 
MTC and the county Congestion Management 
Agencies (CMAs) have approved over $27 million 
in TLC grant funding by FY 2006. In November 
2004, MTC approved $500,000 for regional TLC 
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reductions will be based on the projects 
funded. 
 

Community Design Planning Program, and in 
December 2004, MTC approved $18.4 million in 
TLC funding for the regional TLC Capital program. 
As of December 2006, CMAs in Alameda, Marin 
and Sonoma counties approved an additional 
$12.4 million in their county-level TLC Capital 
programs for a regional total of $31.2 million. 
 
TCM C is fully implemented. 
 

D Additional 
Freeway Service 
Patrol 

Operation of 55 lane miles of new roving 
tow truck patrols beyond routes which 
existed in 2000. TCM commitment would 
be satisfied by any combination for routes 
adding 55 miles. Tow trucks used in service 
are new vehicles meeting all applicable 
CARB standards. 
 
 

FY 2001. 
Complete by 
maintaining 
increase in FSP 
mileage through 
December 2006 
 

FSP continues to maintain the operation of the 
55 lane miles of new roving tow truck coverage. 
This level of service was maintained through 
2006. FSP continues to expand its service areas. 
 
TCM D is fully implemented. 
. 

E Transit Access 
to Airports 
 

Take credit for emission reductions from 
air passengers who use BART to SFO, as 
these reductions are not included in the 
Baseline. 
 

BART – SFO 
service to start in 
FY 2003. 
Complete by 
maintaining 
service through 
December 2006 

Service began June 2003. Service adjustments 
have been made since start of revenue service. 
The BART to SFO service has been maintained 
through 2006 and is continued. 
 
TCM E is fully implemented. 
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V. Response to Public Comments 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Programming and Allocations Committee 
September 12, 2018 

Item 5b – Adoption of the 2019 TIP and Transportation-Air 
Quality Conformity Analysis for the Amended Plan Bay Area 

2040 and the 2019 TIP 
 

Appendix 1 – Comments Received



 

From: Bill Mayben [_________________________]  
Sent: Tuesday, June 19, 2018 12:21 PM 
To: MTC Info <info@bayareametro.gov> 
Subject: MTC-TIP, 2019 
 
Dear MTC Staff; 
 
These amount to written comments to your Draft TIP 2019, as portrayed in your recent transmittal to 
me. 
I appreciate the fact that you are allocating more money to public transportation. We cannot get 
enough of this. 
It seems that efforts to “fix the commute”, or “resolve traffic congestion”; are doomed to failure. As you 
know, increasing roadway improvements to attempt to facilitate personal 
automobile commuting are self-defeating on several levels. For one, each incremental improvement 
may result, ultimately, in defeating efforts towards public transportation, air quality, and urban street 
traffic, urban parking 
Issues. If average commute times were to improve; more cars would be joining the commute, setting 
the entire dynamic back once again. This has been going on since the early 60’s. We apparently have not 
learned, yet. 
 
If more of these vehicles are electric or hybrid, there would be some improvements in air quality, but 
this will happen anyway. 
The money spent is essentially wasted. Improvements in the commute corridor will create problems at 
the receiving end; urban congestion, urban parking, urban air quality degradation. By virtue of this, it is 
only by ignoring these effects 
that anyone could observe anything construed as “improvement”. Simply maintaining the existing 
infrastructure alone is not cost effective, all considered. We are, in effect, subsidizing private economic 
interests at public expense. 
I see that the benefits of continuing “down the road” towards maintaining and enhancing automobile 
commute capabilities, simply accrue to established economic interests who do not care about the 
fallout. They sell cars, gas, tires, insurance, 
maintenance; repairs; not to mention the secondary recipients of government and quasi-governmental 
agencies who receive money through various auto related fees and taxes to perpetuate the illusion that 
this can work. I believe that these public roadway funds can be better spent in light of our long-range 
responsibilities. This is a defective economy at this point.  
 
Looking through the lens of resilience; have we addressed the aspects of our transportation 
infrastructure that are going under water? Wouldn’t it be a better long-term investment to 
incrementally deal with this coming liability, rather than wait 
until this issue reaches crisis proportions? This issue will be terribly expensive. Have you identified the 
progressive choke points created by king tides, then progressive sea level rise? What budgetary 
categories are established ; what allocations are being made under 2019 TIP to account for the 
preliminary project scoping, engineering, ect.; necessary to position ourselves as a culture for the 
inevitable? 
 

mailto:info@bayareametro.gov


If there is a major earthquake it is likely that our roadway system will be severely impacted. Remember 
what happened last time? What provisions are included to deal with the most vulnerable parts and 
pieces of our roadway structure as it sits today? 
 
Is it true that both Bay Area Regional air terminals will be underwater, for instance? Does this include 
access? What will this do to our economy? What is your plan? When do you plan to get started? 
When roadways are inundated; how will you get to work? My instinctual impulse would to be to make 
efforts to get to a ferry terminal or a BART station. Are they hardened? Are they accessible? 
 
Several months ago a sleeping driver took out a Bay Bridge toll booth. Traffic was brought to a halt for 
over an hour and a half. IT was demonstrative of our vulnerability. Trains and Boats. Trains and boats. 
Helicopters? 
Beyond this; I also believe it is not too soon to examine a decentralized strategy; rather than the model 
of bedroom communities feeding commercial cores. 
 
I reiterate that you job a transportation planners is to REMOVE commuters as the bigger picture of 
transportation planning. This is to improve Greater Bay Area resiliency; create higher air quality; 
improve community and family life; make the Bay Area more affordable; and create a more sustainable 
and cost-effective business environment. We are instead trying to put 10 pounds of sugar into a 5 pound 
bag. 
 
I urge you to step back and examine your suppositions; you model for the future; the projected 
population you will be dealing with in 2040. 
 
People are making their own decisions now, based on their reality on the ground. The majority of Bay 
Area residents want to leave, to move away, to stop participating in what has become a no win 
situation; a compounded, neurotic effort against impossible odds. The fact is that we have only one life 
to live, and you are losing some of the best and brightest citizens by you adherence to outdated 
solutions which do not, in fact, improve the lives of the extended community. Depending on their 
personal resources, they are moving to Oregon, Washington, Idaho, Colorado, and Texas. Unless you can 
come up with a more compelling vision, and salient solutions, I expect this trend to continue. I guess this 
is one way to remove cars from the commute! 
I mean all of this in a constructive and fun way! 
 
Very Truly Yours, 
 
Bill Mayben 
  



From: Sherman Lewis [___________________________]  
Sent: Monday, June 18, 2018 8:57 PM 
To: MTC Info <info@bayareametro.gov> 
Subject: TIP 
 
The TIP is presumably the federal TIP, and not the STIP or RTIP. If so, it should include the STIP, which 
includes the LATIP created by AB1386 and another LATIP under another statutes. Info is attached. 
 
-- 
Sherman Lewis 
________________________ 
____________________________ 
______________________________________ 
_________________________________  
 



   
 

METROPOLITAN TRANSPORTATION COMMISSION 
2019 Transportation Improvement Program (TIP) 

Response to Public Comments 
 

The Draft 2019 TIP was released for public review and comment from June 18, 2018 through July 
19, 2018 and was presented at a public meeting on July 11, 2018 to receive public comment.  The 
following is a list of the public comments submitted to MTC along with staff’s responses to these 
comments. No comments were made during the public hearing.  This list does not include the 
project listing changes requested by project sponsors. The correspondence are available at 
http://mtc.ca.gov/our-work/fund-invest/transportation-improvement-program.  

No. Name Agency/Organization Dated Response 
1 Bill Mayben Public Email 6/19/2018 Response #1, #2, 

and #3 
2 Sherman Lewis Public Email 6/18/2018 Response #4 

 

 

Support more funding for public transportation and less for roadway investments: 

Comment 
One commenter expressed support for funding for public transit projects, but did not support roadway 
investments. 
 
Response #1 
MTC includes local projects in the TIP after the project sponsor demonstrates project funding, scope and 
schedule consistent with Plan Bay Area. The decision to include a project in the TIP does not represent 
an allocation or obligation of funds, or final project approval. Before securing funding and approval for 
project implementation, the project is subject to environmental review and final approvals from federal, 
state, regional or local agencies depending on fund sources, and project‐specific required actions. The 
environmental process will include additional opportunities to comment on the scope, design elements 
and impacts of a project.  
 
MTC’s Guide to the San Francisco Bay Area’s Transportation Improvement Program outlines the various 
opportunities available to the public and interested stakeholders to get involved in the transportation 
planning and project development process (see TIP Appendix A‐2). The guide is also available at MTC’s 
offices at 375 Beale St., San Francisco and online at: http://mtc.ca.gov/our-work/fund-
invest/transportation-improvement-program. 
 
MTC also works with our partner agencies to develop programs that fund or incentivize specific 
categories of projects.  Information about these programs and their development can be found online 
at: http://mtc.ca.gov/our-work/fund-invest. 

 

http://mtc.ca.gov/our-work/fund-invest/transportation-improvement-program
http://mtc.ca.gov/our-work/fund-invest/transportation-improvement-program
http://mtc.ca.gov/our-work/fund-invest/transportation-improvement-program
http://mtc.ca.gov/our-work/fund-invest


   
 

Resilience to earthquakes and sea level rise: 

Comment 
One commenter highlighted the importance of making transportation systems more resilient to 
disruptions such as earthquakes and sea-level rise. 

Response #2 
MTC has undertaken a number of efforts to address the resilience of the Bay Area’s transportation 
infrastructure. Resilience was identified as one of the three core issue areas of the Plan Bay Area 2040 
Action Plan (http://2040.planbayarea.org/action-plan).  Other efforts include partnering with the Bay 
Conservation and Development Commission (BCDC) through their Adapting to Rising Tides (ART) 
Program (https://mtc.ca.gov/our-work/plans-projects/climate-change-clean-vehicles/adapting-rising-
tides) and taking part in the Bay Area: Resilient by Design Challenge (http://www.resilientbayarea.org/).  

Surface transportation projects identified through these planning efforts are currently or will be 
included in the TIP if they receive federal funds, require a federal action or are considered regionally 
significant for air quality conformity purposes. 
 

Spread jobs and housing more evenly throughout the region: 

Comment 
One commenter advocated for a more even distribution of jobs and housing throughout the region. 

Response #3 
SB 375 requires MTC to develop a Sustainable Communities Strategy that demonstrates that land-use 
development patterns and the proposed transportation network can work together to meet greenhouse 
gas reduction targets.  To help achieve these goals, some funding programs, such as the One Bay Area 
Grant (OBAG) County Discretionary Program, include policies that incentivize cities to build housing.  
While the TIP includes funding from these programs, the TIP itself is focused on near-term 
transportation investments and does not include land-use decisions. Local jurisdictions retain the 
authority to adopt local land-use policies and make specific land-use decisions through their individual 
processes. 
 

2019 TIP relationship to the STIP and LATIP 

Comment 

One commenter asked if the 2019 TIP includes projects from the State Transportation Improvement 
Program (STIP) and Local Assistance Transportation Improvement Program (LATIP). 

Response #4 

MTC’s 2019 TIP does include projects and funding identified in the STIP and LATIP if those projects have 
federal funding, require a federal action or are regionally significant for air quality conformity purposes.  

 

http://2040.planbayarea.org/action-plan
https://mtc.ca.gov/our-work/plans-projects/climate-change-clean-vehicles/adapting-rising-tides
https://mtc.ca.gov/our-work/plans-projects/climate-change-clean-vehicles/adapting-rising-tides
http://www.resilientbayarea.org/
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VI. Conformity Findings
Based on the analysis, the following conformity findings are made: 

• This conformity assessment was conducted consistent with EPA's transportation conformity 
regulations and with the Bay Area Air Quality Conformity Protocol adopted by MTC as Resolution No. 
4374.

• The Amended Plan Bay Area 2040 and the 2019 Transportation Improvement Program, as amended 
by Revision Number 2019-00, provide for implementation of TCMs pursuant to the following federal 
regulation:

(1) An examination of the specific steps and funding source(s) needed to fully implement each TCM 
indicates that TCMs which are eligible for funding under title 23 U.S.C. or the Federal Transit Laws 
are on or ahead of the schedule established in the applicable implementation plan, or, if such TCMs 
are behind the schedule established in the applicable implementation plan, the MPO and DOT have 
determined that past obstacles to implementation of the TCMs have been identified and have been 
or are being overcome, and that all State and local agencies with influence over approvals or 
funding for TCMs are given maximum priority to approval or funding to TCMs over other projects 
within their control, including projects in locations outside the non-attainment or maintenance area. 

(2) If TCMs in the applicable implementation plan have previously been programmed for Federal 
funding but the funds have not been obligated and the TCMs are behind the schedule in the 
implementation plan, then the TIP cannot be found to conform if the funds intended for those TCMs 
are reallocated to projects in the TIP other than TCMs, or if there are no other TCMs in the TIP, if 
the funds are reallocated to projects in the TIP other than projects which are eligible for Federal 
funding intended for air quality improvements projects, e.g., the Congestion Mitigation and Air 
Quality Improvement Program.

(3) Nothing in the TIP may interfere with the implementation of any TCM in the applicable 
implementation plan. (40 CFR Part 93.113(c)). 

• For the two ground-level ozone precursors (VOC and NOx), motor vehicle emissions in the Amended 
Plan Bay Area 2040 and the 2019 Transportation Improvement Program, as amended by Revision 
Number 2019-00 are lower than the applicable motor vehicle emission budgets for the 2008 national
8- hour ozone standard. 

For PM2.5 and NOx, the Baseline Year test shows that the motor vehicle emissions are lower under the 
Build scenario for the various analysis years when compared to the baseline year emissions scenario.
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List of Projects in the 2019 Transportation Improvement Program
Sorted by Air Quality Conformity Status, County and Sponsor

Appendix A1

* Projects with conformity analysis years of 2040 reference programmatic projects or projects with a completion date after 2030 in Plan Bay Area 2040 1 of 55

County Sponsor TIP ID Project Title Project Description Description of Change Air Quality Description RTP-ID
Conformity 

Analysis Year*
Alameda AC Transit ALA150004 AC Transit: East Bay Bus 

Rapid Transit

Alameda County: Along Broadway/ International/E 

14th corridor from Oakland to San Leandro: 

Implement BRT including 34 stations, transit 

signal priority, level-boarding, shelters, off-board 

ticketing, 

2019 TIP Update - Update funding plan NON-EXEMPT 17-01-0060 2020

Alameda ACE ALA170042 ACE Platform Extensions ACE System: At Pleasanton, Livermore, Vasco, 

Tracy, and Manteca stations: Extend existing ACE 

platforms  to accommodate longer train sets

2019 TIP Update - Update funding plan NON-EXEMPT - Not Regionally 

Significant Project

17-01-0008 2040

Alameda ACTC ALA050014 SR 84 Expressway 

Widening

In Livermore: Widen Route 84 from Jack London 

Blvd. to Pigeon Pass. 

2019 TIP Update. Keep in the 2019 TIP 

for informational purposes - project is not 

complete. 

NON-EXEMPT 17-01-0032 2020

Alameda ACTC ALA050019 I-880 North Safety 

Improvements

Oakland: I-880 between 23rd Ave to 29th Ave: 

Reconfigure Interchange, including new ramps.

2019 TIP Update - Retain in TIP for 

informational purposes as project is 

ongoing

NON-EXEMPT 17-01-0031 2020

Alameda ACTC ALA070009 Oakland/Alameda 

Freeway Access Project

Oakland and Alameda: Between Oak Street and 

Union Street: Reconfigure interchange and 

intersections to improve connections between I-

880, the Posey and Webster tubes and the 

downtown Oakland 

2019 TIP Update - Update funding plan NON-EXEMPT 17-01-0030 2030

Alameda ACTC ALA110002 I-880/Industrial Parkway 

West Interchange

In Hayward: At I-880/Industrial Parkway West: 

Reconstruct interchange, add on/off-ramp lanes, 

widen ramp lanes, provide HOV bypass lanes and 

routine accommodation for bicyclists and 

pedestrians.

2019 TIP Update - Update funding plan NON-EXEMPT 17-01-0023 2030

Alameda ACTC ALA130034 I-680 NB HOV/HOT Lane Route I-680: from South of Auto Mall Parkway to 

State Route 84 in Alameda County: Construct NB 

HOV/HOT Lane.

2019 TIP Update - Retain in TIP for 

informational purposes as project is 

ongoing

NON-EXEMPT 17-10-0058 2020

Alameda ACTC ALA150001 Rte 84 Widening, south 

of Ruby Hill Dr to I-680

In Alameda County, on State Route 84 from south 

of Ruby Hill Drive to I-680, upgrade from 2-lane 

conventional highway to 4-lane expressway, make 

operational improvements to SR84/I-680 I/C and 

2019 TIP Update NON-EXEMPT 17-01-0029 2030

Alameda ACTC ALA150008 East Bay Greenway Alameda County: Generally along the BART 

alignment from Lake Merritt BART station to South 

Hayward BART station: Install a trail facility 

consisting of Class I & Class IV bikeway facilities. 

Includes 2 road 

2019 TIP Update - Update funding plan NON-EXEMPT - Not Regionally 

Significant Project

17-01-0001 2040

Alameda ACTC ALA170001 State Route 262 (Mission 

Blvd) Improvements

In Fremont: Mission Blvd/I-680 IC: widen Mission 

Blvd to 3 lanes each direction through IC, rebuild 

the NB and SB I-680 on and off ramps

2019 TIP Update. Project completion 

scheduled for 2028. (FMS menus end at 

2025).

NON-EXEMPT 17-01-0020 2030

Alameda ACTC ALA170004 I-880/West Winton 

Avenue Interchange

Hayward: At I-880/West Winton Avenue I/C: 

Reconstruct I/C including reconfiguration of 

eastbound to southbound on ramp and new 

connection to Southland Mall Drive

2019 TIP Update - Update funding plan NON-EXEMPT 17-01-0041 2030

Alameda ACTC ALA170005 I-880/Whipple Rd 

Industrial Pkwy SW I/C 

Imps

In Union City/Hayward: at I-880/Whipple Rd 

Interchange: Implement full interchange 

improvements including northbound off-ramp, 

surface street improvements and realignment, and 

bike/ped 

2019 TIP Update - Update funding plan NON-EXEMPT 17-01-0021 2030

Alameda ACTC ALA170008 I-580/680 Interchange 

HOV/HOT Widening

Alameda County: On I-580 between Hacienda Dr. 

and San Ramon/Foothill Road and on I-680 

between Stoneridge Dr. and Amado: Widen to add 

one HOV/HOT lane for WB 580 to SB 680 and NB 

680 to EB 

2019 TIP Update - Update the funding 

plan to add $5M in Sales Tax and $109M 

in RTP-LRP and reprogram funds 

between years and phases

NON-EXEMPT 17-01-0028 2030
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Complete and Operational By:

RTPID
County/ 
Sponsor

Title Description 2020 2030 2040
Included in 
the Model?

Referenced 
in the 2019 

TIP

17-09-0010 Sonoma Hearn Avenue Interchange

The project would replace the existing Hearn Avenue overcrossing bridge with a new bridge to accommodate four 
traffic lanes with bike lanes and sidewalks on both sides of the roadway. The project would also increase the 
bridge height clearance and improve ramp connections to US 101 and provide continuous bike lanes and 
sidewalks between Corby Avenue and Santa Rosa Avenue

Yes Yes Yes Yes

17-09-0011 Sonoma Shiloh Road Interchange Reconstruction
Reconstruct the Shiloh Road/US 101 interchange to provide two lanes in each direction. It is anticipated that the 
existing over crossing will be replaced and ramps reconfigured. It is expected that 60% of project costs will come 
from federal, state or regional funds.

Yes Yes

17-09-0012 Sonoma
Cotati Highway 116 Cotati Corridor 
Improvements

This project is a widening of Highway 116 between US 101 and Stony Point Road, including phased closure of 
driveway access to 116, the addition of signalized intersections, new bike lanes, and new sidewalk to improve the 
vehicle LOS, improve the safety of 116 for all modes of transportation, and create safe new corridors for 
pedestrian and bicyclists.

Yes Yes Yes Yes

17-09-0013 Sonoma
Petaluma Crosstown Connector and Rainier 
Interchange

Extend Rainier Avenue from current terminus at McDowell Boulevard westerly with a bridge crossing over the 
railroad tracks and the Petaluma River to a terminate at Petaluma Boulevard North. A second phase of work will 
construct a new interchange with the 101.

Yes Yes Yes

17-09-0014 Sonoma
Farmers Lane extension between Bennett 
Valley Rd and Yolanda Avenue

Construct new road with travel lanes, bike lanes and sidewalks. Expand bike, pedestrian, transit, and vehicle 
improvements in Southeast Santa Rosa.

Yes Yes Yes

17-09-0015 Sonoma
Road Diet Extension - Petaluma Boulevard 
South

Reduce Petaluma Boulevard from E-Street to Crystal Lane (Roundabout) from 4 through lanes to 2 through lanes 
and a two-way-left-turn-lane

Yes Yes Yes Yes

17-09-0016 Sonoma SMART Petaluma Infill Station Construct a second SMART station in the City of Petaluma including associated amenities. Yes Yes Yes Yes

17-09-0017 Sonoma
Enhance bus service frequencies in Sonoma 
County

Enhance transit to achieve a 50% increase in bus service countywide - this includes Sonoma County Transit, Santa 
Rosa CityBus, Petaluma Transit. Project also includes BRT-like facilities in Santa Rosa. 

Yes Yes Yes Yes

17-09-0018 Sonoma
SMART Rail Extension to Windsor + 
Environmental to Cloverdale + Bike Path

Project extends SMART from the Sonoma Airport to Windsor, implements the SMART bike path, and includes 
additional environmental/planning assessment of extending SMART to Healdsburg and Cloverdale. 

Yes Yes Yes Yes Yes

17-10-0001 AC Transit
AC Transit Fleet Expansion and Major 
Corridors

Purchases rolling stock for enhanced transbay, local, or express services. Yes Yes Yes

17-10-0003 AC Transit San Pablo Avenue BRT

Project implements BRT along San Pablo Avenue in Alameda and Contra Costa counties. This includes a bus-only 
lane from 20th Street to Ashby Avenue in Alameda County and from Richmond Parkway Center to Central Avenue 
in Contra Costa County. Project also includes enhanced real-time info, queue jump lanes where bus-only lane is 
not proposed, new buses and on-board equipment, and passenger amenities.

Yes Yes Yes Yes

17-10-0004 AC Transit
Environmental Studies for Bay Bridge 
Contraflow Lane

This project includes further environmental and planning studies for the proposed Bay Bridge Contraflow lane, 
which would convert an EB lane on the bottom deck of the Bay Bridge into a peak-period WB lane in the AM 
period. This lane would likely be used by buses and carpool vehicles. 

17-10-0005 BART BART Metro Program + Bay Fair Connector

Investments in support of the region's Sustainable Communities Strategy, including studies of a future Transbay 
Corridor rail crossing.
Capital: Turnbacks/crossovers/tail track extensions (24th St, Lafayette, Glen Park, Millbrae, Dublin, Daly City, 
Richmond, South Hayward); Station capacity improvements (platform doors at 4 downtown SF stations, additional 
stairs/escalators/elevators
Operating: 12-minute headways on all lines in the peak period (instead of current 15-minutes)
Bay Fair Connector: Modify BART Bay Fair Station and approaches to add one or more additional tracks and one or 
more passenger platforms for efficient train service and operational flexibility. Includes station modernization, 
modifications to switches, tracks, crossovers, train control, signaling, traction power, etc. 

Yes Yes Yes Yes
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RTPID
County/ 
Sponsor

Title Description 2020 2030 2040
Included in 
the Model?

Referenced 
in the 2019 

TIP

17-10-0006 BART BART Transbay Core Capacity Project

The Transbay Corridor Core Capacity Project is a multi-pronged effort to address capacity issues in the Transbay 
corridor and is in coordination with the BART Metro Program project. The project elements are:
• Communication-based train control (CBTC) system to safely enable closer headways and allow BART to operate 
more frequent service (12 minute frequencies);
• Expansion of the rail car fleet by 306 vehicles to add cars to existing trains and operate more frequent trains;
• Added traction power substations to allow more frequent service;
• Expansion of the Hayward Maintenance Complex (HMC) to provide storage and maintenance capability for the 
expanded fleet;
• Other (Unallocated contingency)
Financing cost is included in RTPID 17-10-0016. 

Yes

17-10-0007 CAHSR California HSR in the Bay Area This project implements the segment of California High Speed Rail that is in the Bay Area. Yes Yes Yes

17-10-0008 Caltrain Caltrain Electrification Phase 1 + CBOSS

The Peninsula Corridor Electrification Project (PCEP) includes the electrification of the Caltrain corridor between 
San Francisco and San Jose, the procurement of new, Electric Multiple Unit rolling stock, and an increase in the 
Caltrain service levels. This project also includes CBOSS, which is the Communications Based Overlay Signal System 
(CBOSS) Positive Train Control necessary to monitor and control train movements as well as increase safety.

Yes Yes Yes Yes

17-10-0009 GGBHTD Golden Gate Bridge Capital and Operations This program includes operations and maintenance for the Golden Gate Bridge. Yes

17-10-0010 GGBHTD Bus and Ferry Service Expansion
This program includes planned bus and ferry expansion projects such as new express bus service between East 
Santa Rosa and San Francisco; between Richmond and San Rafael; and between Central Marin and West San 
Francisco. This program also includes off-site parking and an additional Larkspur Ferry crossing. 

Yes Yes Yes Yes

17-10-0011
Multi-
County

Lifeline, Community Based Transportation 
Program, and Mobility Management

The Lifeline Transportation Program funds priority projects identified by residents in MTC’s Communities of 
Concern through locally crafted Community-Based Transportation Plans. Projects can include community shuttles, 
transit services, streetscape improvements and bus stop amenities. Additionally, this program includes $90 million 
for a future mobility management program. Mobility management enables communities to monitor 
transportation needs and to link individuals to appropriate, cost-efficient travel options

Yes

17-10-0012
Multi-
County

Means-Based Fare Study Implementation

This program would implement the recommendations from MTC's Means-Based Fare Study, which launched in 
2015 to determine if a transit fare program based on household income would be feasible and effective. This 
study will identify possible fare structures and payment methods, eligible recipients, overall program costs, and 
potential technical challenges.

17-10-0013
Multi-
County

Transportation Management Systems

This program replaces and rehabilitates the physical ramp meters, induction loops and cameras used to manage 
traffic real-time and to collect traffic data for planning purposes. This program also maintains and replaces 
telecommunication networks connecting all field devices with potential to transition from copper lines to fiber 
optics. Related to the SHOPP program (RTPID 17-10-0025)

Yes

17-10-0014
Multi-
County

Bay Trail - non toll bridge segments
This program would complete the Bay Trail along the shoreline. This program does not include the segments of 
the Bay Trail that would cross the Bay via toll bridges. 

17-10-0015
Multi-
County

Climate Program: TDM and Emission 
Reduction Technology

MTC’s Climate Initiatives Program includes transportation demand management (TDM) strategies, car sharing, 
vanpool incentives, alternative fuel/vehicle initiatives, targeted transportation alternatives, trip caps and 
commuter benefits ordinances.

Yes

17-10-0016
Multi-
County

Cost Contingency and Financing
This program includes future financing costs for capital projects such as for BART's Transbay Core Capacity Project 
(RTPID 17-10-0006). It also would cover contingency for major capital projects, if needed. 

Yes

17-10-0017
Multi-
County

Capital Projects Debt Service
This program includes on-going payments to debt service resulting from past financing of revenue, especially for 
bridge toll and sales tax revenue sources. 

Yes

17-10-0018
Multi-
County

Goods Movement Clean Fuels and Impact 
Reduction Program

Program for implementing recommendations of the Freight Emission Reduction Action Plan and developing 
programs for impact reduction in neighborhoods with high levels of freight activity.

17-10-0019
Multi-
County

Goods Movement Technology Program
Program for deploying communications infrastructure to increase active traffic management along freight 
corridors and to/from the Port of Oakland
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17-10-0020
Multi-
County

New/Small Starts Reserve
This is a reserve for future FTA funds (Section 5309) that are referred to as New Starts, Small Starts, or Core 
Capacity funding. This reserve is for future transit projects eligible for these funds and that serve the North or East 
Bay. 

17-10-0021
Multi-
County

Priority Development Area (PDA) Planning 
Grants

This program includes Priority Development Area (PDA) Planning Grants and associated programs Yes

17-10-0022
Multi-
County

Local and Streets and Roads - Existing 
Conditions

This program includes local streets and roads maintenance throughout the region, including pavement and non-
pavement assets

Yes

17-10-0023
Multi-
County

Local Streets and Roads - Operations This program includes on-going operations of the local streets and roads throughout the region Yes

17-10-0024
Multi-
County

Regional and Local Bridges - Exisiting 
Conditions

This program includes operations and maintenance of regional and local bridges. Golden Gate Bridge operations 
and maintenance is in a separate program (RTPID 17-10-0009)

Yes

17-10-0025
Multi-
County

Regional State Highways - Existing Conditions
This program includes operations and maintenance of the state highways within the Bay Area. This program 
generally implements the SHOPP, which also includes minor mobility enhancements and management systems. 

Yes

17-10-0026
Multi-
County

Regional Transit Capital - Existing Conditions

This program includes capital maintenance and replacement funding for the region's transit operators. Types of 
projects in this category mostly include replacing vehicles and fixed-guideway assets like rail that have a direct 
impact on service. To a lesser extent, this program includes station upgrades and replacing other assets that do 
not directly affect revenue service. 

Yes

17-10-0027
Multi-
County

Regional Transit Operations
This program covers the costs to operate the Bay Area's existing transit service every year through the Plan 
horizon. 

Yes

17-10-0028
Multi-
County

Clipper This program covers annual operating costs of Clipper as well as the upgrade of Clipper to Clipper 2.0. Yes

17-10-0029
Multi-
County

511 Traveler Information Program
This program covers the 511 program in the Bay Area. 511 includes a transit trip planner, real-time transit 
information, up-to-the minute traffic information, carpool and vanpool formation services and parking 
information.

Yes

17-10-0030
Multi-
County

SAFE Freeway Patrol
This program covers MTC's Service Authority for Freeways and Expressways, or SAFE, program.  MTC-SAFE 
manages the Bay Area’s fleet of Freeway Service Patrol tow trucks and roadside call boxes.

17-10-0031
Multi-
County

Regional Transportation Emergency 
Management Program

This program enhances first responders’ capabilities to clear traffic incidents and respond to major emergencies 
through integrated corridor management.

Yes

17-10-0032
Multi-
County

Regional Rail Station Modernization and 
Access Improvements

This program includes station modernization and access improvements for rail station throughout the region. Yes

17-10-0033
Multi-
County

Bay Area Forward 

This program includes a variety of operational and multimodal improvements, including: active traffic 
management - upgrades to all existing ramp meters to adaptive,  implementing hard shoulder running lanes, 
contra-flow lanes, queue warning, and ramp modifications; arterial operations - implementation of traditional 
time-of-day signal timing coordination, adaptive traffic signal control systems, transit signal priority, real-time 
traffic monitoring devices, ped/bike detection, queue-jump lanes, etc; connected vehicles - pilot deployments of 
vehicle-to-infrastructure (V2I) strategies; Managed Lanes Implementation Plan - pilot express bus service for 
routes not currently served by operators; expands park-and-ride facilities throughout the region; and supports 
pilot deployment of shared-mobility solutions.

VARIES VARIES VARIES Yes Yes

17-10-0034
Multi-
County

San Francisco-Oakland Bay Bridge West Span 
Bicycle, Pedestrian, and Maintenance Path - 
Environmental Only

This project continues environmental and design work on the proposed bicycle, pedestrian, and maintenance path 
on the west span of the Bay Bridge. 

17-10-0036
Multi-
County

I-580 Access Improvements Project

Project converts the right shoulder of the Richmond-San Rafael Bridge to a third freeway lane from the Sir Francis 
Drake Blvd. on-ramp in Marin County to the Marine Street (Richmond Parkway/Point Richmond) exit in Contra 
Costa County. Project also constructs a path on the north side of I-580, including the upper deck of the Richmond-
San Rafael Bridge, with concrete barriers to separate bicyclists and pedestrians from westbound freeway traffic.

Yes Yes Yes Yes Yes

17-10-0037
Multi-
County

Highway 37 Improvements and Sea Level Rise 
Mitigation PSR

Prepare multi-county study, to PID standard, on improvements to SR 37 to accommodate future sea level rise and 
existing congestion
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17-10-0038 TJPA
Caltrain/HSR Downtown San Francisco 
Extension

The Downtown Rail Extension (DTX) will extend Caltrain commuter rail from its current terminus at Fourth and 
King streets and deliver the California High-Speed Rail Authority’s future high-speed service to the new Transit 
Center. The 1.95-mile rail extension will be constructed principally below grade underneath Townsend and Second 
streets. The design includes an underground station at Fourth and Townsend streets, utility relocations, rail 
systems work, and structures for emergency exit, ventilation at six locations along the alignment, and an 
underground pedestrian bridge connecting the Transbay Terminal to the Embarcadero BART station. Cost includes 
operating expenses -  capital cost is $3.999 billion

Yes Yes Yes Yes

17-10-0039 TJPA
Implement Transbay Transit Center/Caltrain 
Downtown Extension (Phase 1 - Transbay 
Transit Center)

The project has 3 components:  (1) new Transbay Transit Center built on the site of the former Transbay Terminal 
in downtown San Francisco serving 11 transportation systems;  (2) extension of Caltrain commuter rail service 
from its current San Francisco terminus at 4th & King Streets to a new underground terminus; and   (3) 
establishment of a Redevelopment Area Plan with related development projects.

Yes Yes Yes Yes Yes

17-10-0040 WETA North Bay Ferry Service Enhancement
Purchase and operate 2 new ferry vessels for WETA North Bay ferry services. Project increases frequency for the 
Richmond-SF and Vallejo-SF ferry lines. 

Yes Yes Yes

17-10-0041 WETA Central Bay Ferry Service Enhancement
Purchase and operate 2 new ferry vessels for WETA Central Bay ferry services. Project increases frequency for the 
Oakland-Alameda-SF ferry line and the Harbor Bay-SF ferry line. 

Yes Yes Yes

17-10-0042 WETA Albany/Berkeley Ferry Terminal
Construct a new Berkeley/Albany ferry terminal, purchase 2 new ferry vessels, operate new ferry service between 
Berkeley/Albany and San Francisco.

Yes Yes Yes Yes

17-10-0043
Multi-
County

Regional Carpool Program

This program includes carpool outreach and promotion, supporting vanpools, positioning the program to rely on 
private sector ridematching apps, and other services. The Regional Carpool Program will support carpoolers during 
the launch of Bay Area Express Lanes, promote carpooling and vanpooling along high-priority congested travel 
corridors, and grow first/last mile carpool solutions to transit, consistent with its annual work plan. Includes MTC 
staff costs.

17-10-0044
Multi-
County

I-80 Express Lanes in both directions: Airbase 
Parkway to Red Top Road

Express Lanes on I-80 in Solano County from Red Top Road to Air Base Parkway - convert existing HOV lanes to 
express lanes

Yes Yes Yes Yes

17-10-0045
Multi-
County

I-80 Express Lanes: Westbound Bay Bridge 
Approaches

Express Lanes on the four westbound SFOBB bridge approaches: (1) I-80 direct connector from Powell Street to 
SFOBB metering lights (1.8 miles); (2) I-580 from I-80 junction to metering lights (1 mile); (3) I-880/880S direct 
connector from 14th Street to metering lights (1.5 miles); (4) West Grand Ave/I-880 direct connector to metering 
lights (0.7 miles) - convert existing HOV lanes to express lanes

Yes Yes Yes

17-10-0047
Multi-
County

I-680 Express Lanes: Northbound from Marina 
Vista to SR 242

Express Lanes on I-680 northbound from SR-242 to Marina Vista. Convert existing HOV lane to express lanes. Yes Yes Yes

17-10-0048
Multi-
County

I-680 Express Lanes: Southbound from Marina 
Vista to Rudgear

Express Lanes on I-680 southbound from Marina Vista to Rudgear Rd. Convert existing and future SB HOV lane to 
express lane. Future SB HOV lane from North Main to Livorna/Rudgear is in RTPID 17-02-0022 

Yes Yes Yes

17-10-0049
Multi-
County

I-680 Express Lanes in both directions:
Livorna/Rudgear to Alcosta

Express lanes on I-680 in Contra Costa County from Alcosta Road to Livorna northbound and to Rudgear 
southbound - convert existing HOV lanes to express lanes

Yes Yes Yes Yes Yes

17-10-0050
Multi-
County

SR-84 Express Lanes: Westbound from I-880 to 
Dumbarton Bridge Toll Plaza

Express Lanes on Route 84 westbound in Alameda County from I-880 through Dumbarton Bridge toll plaza - 
convert existing HOV lane to express lane

Yes Yes Yes Yes

17-10-0051
Multi-
County

SR-92 Express Lanes: Westbound from 
Hesperian to San Mateo Bridge Toll Plaza

Express Lanes Route 92 WB in Alameda County from Hesperian Boulevard through San Mateo-Hayward Bridge toll 
plaza - convert existing HOV lane to express lane

Yes Yes Yes Yes

17-10-0052
Multi-
County

I-880 Express Lanes in both directions:
Hegenberger/Lewelling to SR-237

Express lane on I-880 in Alameda County from Lewelling Blvd to SR 237 Direct Connector in northbound direction, 
Hegenberger Rd to SR 237 Direct Connector in the southbound direction- convert existing HOV lanes to express 
lanes. 

Yes Yes Yes Yes Yes

17-10-0053
Multi-
County

I-80 Express Lanes in both directions:
Carquinez Bridge to Bay Bridge

Express Lanes on westbound I-80 from Carquinez Bridge Toll Plaza to Powell St Direct Connector on eastbound I-
80 from Powell St Direct Connector to Cummings Skyway. Add new express lane on eastbound I-80 from 
Cummings Skyway to Carquinez Bridge. 

Yes Yes Yes Yes

17-10-0054
Multi-
County

MTC Express Lane Program Cost
Includes non-corridor activities such as centralized toll system activities, start-up program management, 
contingency and capitalized O&M. 

Yes

17-10-0055
Multi-
County

East and North Bay Express Lanes Operations 
and Maintenance

This program includes on-going operations and maintenance for the express lanes in the East and North Bay 
counties
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Complete and Operational By:

RTPID
County/ 
Sponsor

Title Description 2020 2030 2040
Included in 
the Model?

Referenced 
in the 2019 

TIP

17-10-0056
Multi-
County

East and North Bay Express Lanes Reserve This program includes future revenue from express lanes in the East and North Bay counties

17-10-0057
Multi-
County

I-880 Express Lanes: Northbound from
Hegenberger to Lewelling and bridge 
improvements

I-880 Northbound express lane from Lewelling Blvd to Hegenberger Rd. and reconstruct bridges at Davis Street 
and Marina Boulevard - widen to add an express lane and reconstruct bridges

Yes Yes Yes Yes

17-10-0058
Multi-
County

I-680 Express Lanes: Northbound from SR-84 
to SR-237

Express lanes on I-680 in the northbound direction from SR-84 to SR-237 which involves constructing a new lane. Yes Yes Yes Yes Yes

17-10-0059
Multi-
County

I-80 Express Lanes in both directions: Airbase 
Parkway to I-505

I-80 Solano Express Lanes from Air Base to I-505-widen to add an express lane in each direction Yes Yes Yes Yes

17-10-0060
Multi-
County

I-680 Express Lanes: Northbound from
Rudgear to SR 242 and operational
improvements

Widen I-680 for a new northbound express lane between N. Main Street and Route 242 and implement 
operational improvements on I-680 from Rudgear to N. Main. This project complements the NB HOV lane 
extension through the 680/24 interchange and from N. Main to SR 242 as well as operational improvements 
included in RTPIDs 17-02-0012 and 17-02-0013. 

Yes Yes Yes

17-10-0061
Multi-
County

I-680 Express Lanes: I-80 westbound to I-680 
southbound and I-680 northbound to I-80 
eastbound direct connectors

Express lanes on I-680/I-80 interchange in Solano County - widen to add express lane direct connectors I-80 
westbound to I-680 southbound and I-680 northbound to I-80 eastbound. This complements the larger 
interchange project of RTPID 17-08-0009.

Yes Yes Yes

17-10-0062
Multi-
County

East and North Bay Express Lanes - 
Environmental and Design Phases for Future 
Segments

This program includes environmental and design phases for future express lane segments in Alameda and Solano 
counties, including along I-80, I-680, and I-580

17-10-0063 BART BART Seismic Safety Augmentation
Alternatives analysis and design associated with the Berkeley Hills Tunnel plus design of the A-Line structural 
augmentation / improvement to operability standards.

Yes

17-10-0064 BART Hayward Maintenance Complex Phase 1

This project increases maintenance capacity as part of its Fleet of the Future program as well as to support 
increased service for the Berryessa Extension. This Phase I project involves constructing an outdoor storage area 
for maintenance and engineering materials and equipment, building track access to new maintenance facilities 
from the existing mainline, and improving access for BART maintenance operations. 

Yes
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Approach to Transportation Conformity 
 

Introduction 
The Metropolitan Transportation Commission (MTC) prepares a transportation air quality conformity analysis 
when it amends or updates its long-range regional transportation plan and sustainable communities strategy 
(RTP/SCS).  The purpose of this conformity analysis is to conform the RTP/SCS in accordance with the latest 
U.S. Environmental Protection Agency (EPA) transportation conformity regulations and the Bay Area 
Conformity State Implementation Plan (Conformity SIP), which is also known as the Bay Area Air Quality 
Conformity Protocol (MTC Resolution No. 3757). 
 
In order to develop our RTP/SCS, we conduct a “call for projects” to identify candidate transportation 
projects/programs for consideration in the RTP/SCS.  We then conduct a project performance assessment to 
evaluate uncommitted, regionally significant (total cost greater than $100 million), capacity increasing projects 
expected to open during the RTP/SCS planning horizon (2040, 24-years).  This assessment discloses findings 
on the merits of individual projects, and is an importatnt step in identifying regional investment prorities and 
developing the fiscally constrained RTP/SCS. 
 
This technical memorandum describes the approach we will take to define and model regionally significant, 
non-exempt projects in the RTP/SCS conformity analysis. 
 

Technical Approach 
Our general approach to the conformity analysis will be to begin with the adopted 2017 TIP, and to add the 
fiscally constrained, regionally significant, non-exempt RTP/SCS projects.  The purpose of this approach is to: 

 Streamline the conformity analysis; 

 Ensure consistency with the adopted TIP; 

 Assess the impacts of regionally significant, long-range projects; and, 

 Provide flexibility for project delivery of non-regionally significant projects. 
 

Regionally Significant Projects 
We will assess and represent all regionally significant projects in the conformity analysis, and we will identify 
them as individual projects in the RTP/SCS.  In terms of the RTP/SCS project preformance assessment, we have 
defined regionally significant as capacity increasing projects with a total cost greater than $100 million.  For 
consistency, we will ensure that all projects subject to the project performance assessment are assessed and 
represented in the conformity analysis, to the extend these projects are included in the fiscally constrained 
adopted RTP/SCS.  We have expanded the definition of regional significance for both street and highway 
projects and public transit projects for the conformity anlaysis. 
 
For street and highway projects, regional significance will be based on the National Highway System (NHS) as 
designated by Caltrans1.  We will designate all projects that expand or extend the NHS as regionally significant. 
The NHS classification consists of: 
 

(A) The Interstate System; 
(B) Principal Arterials; 

                                                        
1 For more information on the NHS, visit http://dot.ca.gov/hq/tsip/hseb/nhs.html. 

http://dot.ca.gov/hq/tsip/hseb/nhs.html
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(C) Intermodal Connectors: Highways that provide motor vehicle access between the NHS and major 
intermodal transprotation facilities; 

(D) STRAHNET (Strategic Highway Network): The network of highways important to U.S. strategic defense; 
and, 

(E) STRAHNET Connectors: Connectors to major military installations. 
 
As for public transit, we will designate all projects to expand or extend fixed guideway systems as regionally 
significant.  We will define the term fixed guideway based on the Federal code, and we intend it to mean a 
public transportation facility: 
 

(A) Using and occupying a separate right-of-way for the exclusive use of public transportation; 
(B) Using rail; 
(C) Using a fixed catenary system; 
(D) For a passenger ferry system; or 
(E) For a bus rapid transit system (BRT). 

 

Non-Regionally Significant and Exempt Projects 
We will not assess or represent exempt2 or non-regionally significant projects in the conformtiy analysis, nor 
will we identify them by name in the RTP/SCS.  Instead, we will use programmatic categories to represent a 
type or similar types of exempt projects, which will be listed in the RTP/SCS by county, transit operator or 
regionally. 
  

                                                        
2 For a list of exempt project types, see Tables 1 & 2. 
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Table 1.  Project Types Exempt from the Requirement to Determine Conformity 
Project Type RTP/SCS Programmatic Category 

Safety  

Railroad/highway crossing. Safety and Security 

Projects that correct, improve, or eliminate a hazardous location or feature. 

Safer non-Federal-aid system roads. 

Shoulder improvements. 

Increasing sight distance. 

Highway Safety Improvement Program implementation. 

Traffic control devices and operating assistance other than signalization 
projects. 

Railroad/highway crossing warning devices. 

Guardrails, median barriers, crash cushions. 

Pavement resurfacing and/or rehabilitation. Preservation/Rehabilitation 

Pavement marking. Safety and Security 

Emergency relief (23 U.S.C. 125).  

Fencing. Safety and Security 

Skid treatments. 

Safety roadside rest areas. 

Adding medians. 

Truck climbing lanes outside the urbanized area. 

Lighting improvements. 

Widening narrow pavements or reconstructing bridges (no additional travel 
lanes). 

Emergency truck pullovers. 

Mass Transit  
Operating assistance to transit agencies. Routine Operations and Maintenance 

Purchase of support vehicles. Preservation/Rehabilitation 

Rehabilitation of transit vehicles. 

Purchase of office, shop, and operating equipment for existing facilities. 

Purchase of operating equipment for vehicles (e.g., radios, fareboxes, lifts, 
etc.). 

Construction or renovation of power, signal, and communications systems. Management Systems 

Construction of small passenger shelters and information kiosks. Minor Transit Improvements 

Reconstruction or renovation of transit buildings and structures (e.g., rail or bus 
buildings, storage and maintenance facilities, stations, terminals, and ancillary 
structures). 

Preservation/Rehabilitation 

Rehabilitation or reconstruction of track structures, track, and trackbed in 
existing rights-of-way. 

Purchase of new buses and rail cars to replace existing vehicles or for minor 
expansions of the fleet1. 

Construction of new bus or rail storage/maintenance facilities categorically 
excluded in 23 CFR part 771. 

Air Quality  

Continuation of ride-sharing and van-pooling promotion activities at current 
levels. 

Travel Demand Management 

Bicycle and pedestrian facilities. New Bicycle and Pedestrian Facilities or  
Multimodal Streetscape Improvements 

Other  

Specific activities which do not involve or lead directly to construction, such as: Planning 

 Planning and technical studies. 

 Grants for training and research programs. 

 Planning activities conducted pursuant to titles 23 and 49 U.S.C. 

 Federal-aid systems revisions. 
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Engineering to assess social, economic, and environmental effects of the 
proposed action or alternatives to that action. 

Noise attenuation. Minor Highway Improvements 

Emergency or hardship advance land acquisitions (23 CFR 710.503). Land Use 

Acquisition of scenic easements. Minor Highway Improvements 

Plantings, landscaping, etc. Multimodal Streetscape Improvements or  
Minor Highway Improvements or  
Minor Transit Improvements 

Sign removal. Minor Highway Improvements 

Directional and informational signs. 

Transportation enhancement activities (except rehabilitation and operation of 
historic transportation buildings, structures, or facilities). 

 

Repair of damage caused by natural disasters, civil unrest, or terrorist acts, 
except projects involving substantial functional, locational or capacity changes. 

 

 
Table 2.  Project Types Exempt from Regional Emissions Analyses (§93.127) 

Project Type RTP/SCS Programmatic Category 

Intersection channelization projects. Intersection Improvements 

Intersection signalization projects at individual intersections. 

Interchange reconfiguration projects. Interchange Modification (no additional capacity) 

Changes in vertical and horizontal alignment. Safety and Security 

Truck size and weight inspection stations. Minor Freight Improvements 

Bus terminals and transfer points. Minor Transit Improvements 

 
 



EXAMPLES: 
 
Plan Bay Area Project Entry: 
RTPID 22607 - Widen and extend major streets, and improve interchanges in east Contra Costa County 
 
There are four projects being implemented through the Draft 2017 TIP (June 17, 2016) referencing RTPID 22607, 
see below. 
 
Examples 1 & 2 

 
 
Example 3 
 

 
 
Example 4 
 

 



Appendix D 
Travel Modeling Report (Plan Bay Area 2040: Final Supplemental Report) 



TRAVEL MODELING REPORT 

FINAL  
SUPPLEMENTAL 
REPORT

JULY 2017

Metropolitan  
Transportation  
Commission

Association  
of Bay Area  
Governments



Metropolitan Transportation Commission

Jake Mackenzie, Chair
Sonoma County and Cities

Scott Haggerty, Vice Chair
Alameda County

Alicia C. Aguirre
Cities of San Mateo County

Tom Azumbrado
U.S. Department of Housing 
and Urban Development

Jeannie Bruins
Cities of Santa Clara County 

Damon Connolly
Marin County and Cities

Dave Cortese
Santa Clara County

Carol Dutra-Vernaci
Cities of Alameda County

Dorene M. Giacopini
U.S. Department of Transportation

Federal D. Glover
Contra Costa County

Anne W. Halsted
San Francisco Bay Conservation 
and Development Commission

Nick Josefowitz
San Francisco Mayor’s Appointee

Jane Kim 
City and County of San Francisco

Sam Liccardo
San Jose Mayor’s Appointee

Alfredo Pedroza 
Napa County and Cities

Julie Pierce
Association of Bay Area 
Governments

Bijan Sartipi
California State  
Transportation Agency

Libby Schaaf
Oakland Mayor’s Appointee

Warren Slocum 
San Mateo County

James P. Spering
Solano County and Cities

Amy R. Worth
Cities of Contra Costa County

Association of Bay Area Governments

Councilmember Julie Pierce  
ABAG President
City of Clayton

Supervisor David Rabbitt  
ABAG Vice President
County of Sonoma

Representatives  
From Each County
Supervisor Scott Haggerty
Alameda

Supervisor Nathan Miley
Alameda

Supervisor Candace Andersen
Contra Costa

Supervisor Karen Mitchoff
Contra Costa

Supervisor Dennis Rodoni
Marin

Supervisor Belia Ramos
Napa

Supervisor Norman Yee
San Francisco

Supervisor David Canepa
San Mateo

Supervisor Dave Pine
San Mateo

Supervisor Cindy Chavez
Santa Clara

Supervisor David Cortese
Santa Clara

Supervisor Erin Hannigan
Solano

Representatives From  
Cities in Each County
Mayor Trish Spencer
City of Alameda / Alameda

Mayor Barbara Halliday
City of Hayward / Alameda

Vice Mayor Dave Hudson 
City of San Ramon / Contra Costa 

Councilmember Pat Eklund 
City of Novato / Marin

Mayor Leon Garcia
City of American Canyon / Napa 

Mayor Edwin Lee
City and County of San Francisco

John Rahaim, Planning Director
City and County of San Francisco

Todd Rufo, Director, Economic 
and Workforce Development, 
Office of the Mayor
City and County of San Francisco

Mayor Wayne Lee
City of Millbrae / San Mateo

Mayor Pradeep Gupta
City of South San Francisco / 
San Mateo

Mayor Liz Gibbons
City of Campbell / Santa Clara

Mayor Greg Scharff
City of Palo Alto / Santa Clara 

Mayor Len Augustine
City of Vacaville / Solano

Mayor Jake Mackenzie
City of Rohnert Park / Sonoma

Councilmember  
Annie Campbell Washington 
City of Oakland / Alameda

Councilmember  
Lynette Gibson McElhaney 
City of Oakland / Alameda

Councilmember Abel Guillen 
City of Oakland / Alameda

Councilmember Raul Peralez 
City of San Jose / Santa Clara

Councilmember Sergio Jimenez 
City of San Jose / Santa Clara

Councilmember Lan Diep 
City of San Jose / Santa Clara

Advisory Members
William Kissinger
Regional Water Quality  
Control Board



 

 

 

 

 

 

Plan Bay Area 2040:  
Final Travel Modeling Report 
 
 
 
 

 
July 2017  

 

  

 
Bay Area Metro Center 

375 Beale Street 
San Francisco, CA 94105 

 
(415) 778-6700 phone (415) 820-7900 
info@mtc.ca.gov e-mail info@abag.ca.gov 
www.mtc.ca.gov web www.abag.ca.gov 
   

 

 



P l a n  B a y  A r e a  2 0 4 0   P a g e  | i 

Project Staff 
Ken Kirkey 
Director, Planning 

Lisa Zorn 
Assistant Director, Planning  

Therese Trivedi 
Principal Planner 

Rupinder Singh 
Associate Planner 

Benjamin Espinosa 
Associate Planner 

Harold Brazil 
Associate Planner 

Krute Singa 
Climate Initiatives Program Manager 
 
 
 



P l a n  B a y  A r e a  2 0 4 0   P a g e  | ii 

Table of Contents 
Executive Summary ............................................................................................................................. 1 

Chapter 1: Analytical Tools ................................................................................................................... 2 

Population Synthesizer ............................................................................................................................. 2 

Travel Model ............................................................................................................................................. 2 

Vehicle Emissions Model ........................................................................................................................... 5 

Chapter 2: Input Assumptions .............................................................................................................. 5 

Land Use .................................................................................................................................................... 6 

Roadway Supply ...................................................................................................................................... 11 

Transit Supply .......................................................................................................................................... 14 

Prices ....................................................................................................................................................... 17 

Value of Time ...................................................................................................................................... 17 

Bridge Tolls .......................................................................................................................................... 18 

Express Lane Tolls ............................................................................................................................... 20 

Transit Fares ........................................................................................................................................ 25 

Parking Prices ...................................................................................................................................... 25 

Perceived Automobile Operating Cost and Gas Tax ........................................................................... 26 

Cordon Tolls ........................................................................................................................................ 27 

Other Key Assumptions ........................................................................................................................... 27 

Chapter 3: Key Results ....................................................................................................................... 28 

Performance Targets and Equity Analysis ............................................................................................... 28 

Automobile Ownership ........................................................................................................................... 29 

Activity Location Decisions ...................................................................................................................... 29 

Travel Mode Choice Decisions ................................................................................................................ 31 

Aggregate Transit Demand Estimates ..................................................................................................... 33 

Roadway Utilization and Congestion Estimates ..................................................................................... 35 

Appendix A: Off-Model Emission Reduction Estimates ....................................................................... 38 

 



P l a n  B a y  A r e a  2 0 4 0   P a g e  | iii 

List of Tables 
Table 1: Simulations by Year and Alternative ............................................................................................... 6 
Table 2: Demographic Statistics of Control and Simulated Populations ...................................................... 7 
Table 3: Year 2015 Common Peak Period Bridge Tolls† .............................................................................. 19 
Table 4: Common Peak Period Bridge Tolls for Proposed Plan, Main Streets, Big Cities, and EEJ 
Alternatives† ................................................................................................................................................ 20 
Table 5: Year 2015 Common Transit Fares ................................................................................................. 25 
Table 6: Perceived Automobile Operating Cost Calculations ..................................................................... 27 
 



P l a n  B a y  A r e a  2 0 4 0   P a g e  | iv 

List of Figures 
Figure 1: Historical and Forecasted Person Type Distributions for Proposed Plan Alternative ................... 9 
Figure 2: Year 2040 Person Type Distributions ........................................................................................... 10 
Figure 3: Year 2040 Growth in Roadway Lane Miles Available to Automobiles Relative to 2015 ............. 12 
Figure 4: Growth in Roadway Lane Miles Available to Automobiles for Proposed Plan Alternative ......... 13 
Figure 5: Year 2040 Growth in Transit Passenger Seat Miles from 2015 ................................................... 15 
Figure 6: Year 2040 Growth in Transit Passenger Seat Miles from 2015 for Proposed Plan ...................... 16 
Figure 7: Value of Time Distribution by Household Income ....................................................................... 18 
Figure 8: Morning Commute Express Lane Prices for No Project ............................................................... 21 
Figure 9: Morning Commute Express Lane Prices for Proposed Plan Alternative ...................................... 22 
Figure 10: Morning Commute Express Lane Prices for Main Streets Alternative ...................................... 23 
Figure 11: Morning Commute Express Lane Prices for Big Cities and EEJ Alternatives .............................. 24 
Figure 12: Work at Home Observations, Trends and Forecasts ................................................................. 28 
Figure 13: Year 2040 Automobile Ownership Results ................................................................................ 29 
Figure 14: Year 2040 Average Trip Distance ............................................................................................... 30 
Figure 15: Year 2040 Average Trip Distance for Travel on Work Tours ...................................................... 30 
Figure 16: Year 2040 Automobile Mode Shares for All Travel .................................................................... 32 
Figure 17: Year 2040 Non-Automobile Mode Shares for All Travel ............................................................ 32 
Figure 18: Year 2040 Typical Weekday Transit Boardings by Technology .................................................. 34 
Figure 19: Year 2040 Vehicle Miles Traveled per Hour by Time Period ..................................................... 36 
Figure 20: Year 2040 Average Vehicle Speeds on Freeways ....................................................................... 37 



P l a n  B a y  A r e a  2 0 4 0    P a g e  | 1 

Executive Summary 
This supplementary report presents selected technical results from the analysis of alternatives 
performed in support of the Metropolitan Transportation Commission’s (MTC’s) and the Association of 
Bay Area Governments’ (ABAG’s) Plan Bay Area 2040 environmental impact report (EIR). A brief 
overview of the technical methods used in the analysis, as well as a brief description of the key 
assumptions made for each alternative, precede the presentation of results. 
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Chapter 1: Analytical Tools 
MTC uses an analytical tool known as a travel model (also known as a travel demand model or travel 
forecasting model) to first describe the reaction of travelers to transportation projects and policies and 
then to quantify the impact of cumulative individual decisions on the Bay Area’s transportation 
networks and environment.  MTC’s travel model is briefly described below, along with two supporting 
tools: a population synthesizer and a vehicle emissions model. 

Population Synthesizer 
MTC’s travel model is an agent-based simulation.  The “agents” in our case are individual households, 
further described by the people who form each household.  In this way, the travel model attempts to 
simulate the behavior of the individuals and the households who carry out their daily activities in a 
setting described by the input land development patterns and input transportation projects and policies.  
In order to use this type of simulation, each agent must be characterized in a fair amount of detail. 

Software programs that create lists of households and persons for travel model simulations are known 
as population synthesizers.  MTC’s population synthesizer attempts to locate households described in 
the 2000 Decennial Census Public Micro-sample (PUMS) data (i.e., those who responded to the old “long 
forms” used by the Census Bureau to collect detailed household information) in such a way that when 
looking at the population along specific dimensions spatially (at a level of detail below which the PUMS 
data is reported), the aggregate sums more or less match those predicted by other Census summary 
tables (when synthesizing historical populations) or the land use projections made by our land use 
modeling tools/procedures (when forecasting populations).  For example, if our land use tools project 
that 60 households containing 100 workers and 45 children will live in spatial unit X in the year 2035, the 
population synthesizer will locate 60 PUMS households in spatial unit X and will select households in 
such a way that, when summing across households, the number of workers is close to 100 and the 
number of children is close to 45. 

MTC’s population synthesizer “controls” (i.e., minimizes the discrepancy between the synthetic 
population results and the historical Census results or the land use forecasts) along the following 
dimensions: 

1. Household “type”, i.e. individual household unit or non-institutionalized group quarters (e.g., 
college dorm); 

2. Household income category; 
3. Age of the head of household; 
4. Number of people in the household; 
5. Number of children under age 17 in the household; 
6. Number of employees in the household; and, 
7. Number of units in the household’s physical dwelling (one or more than one, as in an apartment 

building). 

Travel Model 
Travel models are frequently updated.  As such, a bit of detail as to which version of a given travel model 
is used for a given analysis is useful.  The current analysis uses MTC’s Travel Model One (version 0.6), 
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released in July 2016, calibrated to year 2000 conditions and validated against year 2000, 2005, 2010 
and 2015 conditions1.    

Travel Model One is of the so-called “activity-based” archetype.  The model is a partial agent-based 
simulation in which the agents are the households and people who reside in the Bay Area.  The 
simulation is partial because it does not include the simulation of individual behavior of passenger, 
commercial, and transit vehicles on roadways and transit facilities (though the model system does 
simulate the behavior of aggregations of vehicles and transit riders).  In regional planning work, the 
travel model is used to simulate a typical weekday – when school is in session, the weather is pleasant, 
and no major accidents or incidents disrupt the transportation system.  

The model system operates on a synthetic population that includes households and people representing 
each actual household and person in the nine-county Bay Area – in both historical and prospective 
years.  Travelers move through a space segmented into “travel analysis zones”2 and, in so doing, use the 
transportation system.  The model system simulates a series of travel-related choices for each 
household and for each person within each household.  These choices3 are as follows (organized 
sequentially):  

1. Usual workplace and school location – Each worker, student, and working student in the 
synthetic population selects a travel analysis zone in which to work or attend school (or, for 
working students, one zone to work and another in which to attend school). 

2. Household automobile ownership – Each household, given its location and socio-demographics, 
as well as each member’s work and/or school locations (i.e., given the preceding simulation 
results), decides how many vehicles to own. 

3. Daily activity pattern – Each household chooses the daily activity pattern of each household 
member, the choices being (a) go to work or school, (b) leave the house, but not for work or 
school, or (c) stay at home. 

4. Work/school tour4 frequency and scheduling – Each worker, student, and working student 
decides how many round-trips they will make to work and/or school and then schedules a time 
to leave for, as well as return home from, work and/or school. 

5. Joint non-mandatory5 tour frequency, party size, participation, destination, and scheduling – 
Each household selects the number and type (e.g., to eat, to visit friends) of “joint” (defined as 
two or more members of the same household traveling together for the duration of the tour) 
non-mandatory (for purposes other than work or school) round trips in which to engage, then 

                                                            
1 Additional information is available here: http://analytics.mtc.ca.gov/foswiki/Main/Development.  
2 An interactive map of these geographies is available here: 
http://analytics.mtc.ca.gov/foswiki/Main/TravelModelOneGeographies.  
3 These “choices”, which often are not really choices at all (the term is part of travel model jargon), are simulated 
in a random utility framework – background information is available here: 
https://en.wikipedia.org/wiki/Choice_modelling.  
4 A “tour” is defined as a round trip from and back to either home or the workplace. 
5 Travel modeling practice use the term “mandatory” to describe work and school travel and “non-mandatory” to 
refer to other types of travel (e.g., to the grocery store); we use this jargon as well to communicate efficiently with 
others in our space.  We neither assume nor believe that all non-work/school-related travel is non-mandatory or 
optional. 

http://analytics.mtc.ca.gov/foswiki/Main/Development
http://analytics.mtc.ca.gov/foswiki/Main/TravelModelOneGeographies
https://en.wikipedia.org/wiki/Choice_modelling
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determines which members of the household will participate, where, and at what time the tour 
(i.e., the time leaving and the time returning home) will occur.  

6. Non-mandatory tour frequency, destination, and scheduling – Each person determines the 
number and type of non-mandatory (e.g., to eat, to shop) round trips to engage in during the 
model day, where to engage in these tours, and at what time to leave and return home.  

7. Tour travel mode – The tour-level travel mode choice (e.g., drive alone, walk, take transit) 
decision is simulated separately for each tour and represents the best mode of travel for the 
round trip.  

8. Stop frequency and location – Each traveler or group of travelers (for joint travel) decide 
whether to make a stop on an outbound (from home) or inbound (to home) leg of a travel tour, 
and if a stop is to be made, where the stop is made, all given the round trip tour mode choice 
decision. 

9. Trip travel model – A trip is a portion of a tour, either from the tour origin to the tour 
destination, the tour origin to a stop, a stop to another stop, or a stop to a tour destination.  A 
separate mode choice decision is simulated for each trip; this decision is made with awareness 
of the prior tour mode choice decision. 

10. Assignment – Vehicle trips for each synthetic traveler are aggregated into time-of-day-specific 
matrices (i.e., tables of trips segmented by origin and destination) that are assigned via the 
standard static user equilibrium procedures to the highway network.  Transit trips are assigned 
to time-of-day-specific transit networks. 

The Travel Model One system inherits without significant modification the representation of 
interregional and commercial vehicle travel from MTC’s previous travel model system (commonly 
referred to as BAYCAST or BAYCAST-90).  Specifically, commercial vehicle demand is represented using 
methods developed for Caltrans and Alameda County as part of the Interstate 880 Intermodal Corridor 
Study conducted in 1982 and the Quick Response Freight Manual developed by the United States 
Department of Transportation in 1996.  When combined, these methods estimate four classes of 
commercial travel, specifically: “very small” trucks, which are two-axle/four-tire vehicles; “small” trucks, 
which are two-axle/six-tire vehicles; “medium” trucks, which are three-axle vehicles; and, “combination” 
trucks, which are truck/trailer combinations with four or more axles.  

Reconciling travel demand with available transportation supply is particularly difficult near the 
boundaries of planning regions because little is assumed to be known (in deference to efficiency – the 
model must have boundaries) about the land development patterns – the primary driver of demand – or 
supply details beyond these boundaries.  The typical approach to representing this interregional travel is 
to first estimate the demand at each location where a major transportation facility intersects the 
boundary and to then distribute this demand to locations either within the planning region (which 
results in so-called “internal/external” travel) or to other boundary locations (“external/external” 
travel).  MTC uses this typical approach and informs the process with Census journey-to-work flows 
(from the 2000 Decennial Census, specifically), which are allocated via simple method to represent flows 
to and from MTC’s travel analysis zones and 21 boundary locations, as well as the flows between 
boundary locations. 

The travel of air passengers to and from the Bay Area’s airports is represented with static (across 
alternatives), year-specific vehicle trip tables.  These trip tables are based on air passenger survey data 
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collected in 2006 and planning information developed as part of MTC’s Regional Airport Planning Study6. 
Similarly, the travel of high speed rail passengers to and from the Bay Area’s expected high speed rail 
stations is represented with static (across alternatives), year-specific vehicle trip tables. The high speed 
rail demand estimates are derived from the California High Speed Rail Authority’s 2016 Business Plan7. 

Vehicle Emissions Model 
The MTC travel model generates spatially- and temporally-specific estimates of vehicle usage and speed 
for a typical weekday.  This information is then input into an emissions model to estimate emitted 
criteria pollutants as well as emitted carbon dioxide (used as a proxy for all greenhouse gases).  For the 
current analysis, MTC used the EMFAC 2014 version of the California Air Resources Board emissions 
factor software8.     

Chapter 2: Input Assumptions 
In total, 12 scenarios were simulated. Selected results are presented and discussed in the remainder of 
the document. Four categories of scenarios are included, as follows: historical, no action, planned 
action, and alternative actions. Historical scenarios are labeled by their year and include Year 2005 and 
Year 2015. The no action alternative is referred to as “No Project”; No Project simulations were 
performed for a 2040 forecast year. The planned action is referred to as the “Proposed Plan” (often 
abbreviated as “Plan”) alternative; Proposed Plan Simulations were performed for 2020, 2030, 2035, 
and 2040. Three separate alternative scenarios are included, and are labeled “Main Streets”, “Big 
Cities”, and “Environment, Equity, and Jobs” (“EEJ”). Year 2040 simulations were conducted for each of 
these alternatives. The various simulation years serve different purposes: historical years demonstrate 
the model’s ability to adequately replicate reality9 and provide the reader data for a familiar scenario; 
the California Air Resources Board established greenhouse gas targets for 2020 and 2035; the 
transportation plan, as guided by federal regulations, extends to 2040; and, air quality regulations 
require a 2030 simulation.  

The above scenarios differ across four dimensions, namely: land use, roadway supply, transit supply, and 
prices.  By land use, we mean the locations of households and jobs (of different types).  Roadway supply 
is the physical network upon which automobiles, trucks, transit vehicles, bicycles, and pedestrians 
travel.  Transit supply refers to the facilities upon which public transit vehicles travel (the roadway, along 
rail lines, ferry routes, and other dedicated infrastructure), as well as the stop locations, routes, and 
frequency of transit service.  Prices include the monetary fees users are charged to board transit 
vehicles, cross bridges, operate and park private vehicles, and use express (also known as high 
occupancy toll) lanes.  

In the remainder of this chapter, each of the six scenarios (the rows in Table 1) are discussed, organized 
by the above four dimensions; additional notes on “other assumptions” concludes the section.  This 
organization should allow the reader to compare the input assumptions across scenarios. 

                                                            
6   Additional information is available here: http://mtc.ca.gov/our-work/plans-projects/economic-vitality/regional-
airport-plan.  
7 Additional information is available here: http://hsr.ca.gov/docs/about/business_plans/2016_BusinessPlan.pdf.  
8 Additional information is available here: http://www.arb.ca.gov/msei/msei.htm.  
9 Details of this “validation” process are available here: http://analytics.mtc.ca.gov/foswiki/Main/Development.  

http://mtc.ca.gov/our-work/plans-projects/economic-vitality/regional-airport-plan
http://mtc.ca.gov/our-work/plans-projects/economic-vitality/regional-airport-plan
http://hsr.ca.gov/docs/about/business_plans/2016_BusinessPlan.pdf
http://www.arb.ca.gov/msei/msei.htm
http://analytics.mtc.ca.gov/foswiki/Main/Development
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Table 1: Simulations by Year and Alternative 

Alternative 
Simulation Year 

2005 2015 2020 2030 2035 2040 

Historical       

No Project       

Proposed Plan       

Main Streets       

Big Cities       

Environment, Equity, and Jobs       

 

Land Use 
Additional information regarding the land development patterns is available in the companion 
supplementary report, Summary of Predicted Land Use Responses.  Here, we provide a handful of details 
regarding the transformation of these land use inputs into the information needed by the travel model. 

Prior to executing the travel model, the land development inputs provided by ABAG (control totals) and 
the UrbanSim model (distribution details) are run through the MTC population synthesizer as described 
above.  The journey from control totals through UrbanSim and through the population synthesizer 
introduces very minor inconsistencies between the ABAG-estimated regional control totals, which are 
carried through UrbanSim, and the totals implied by the synthetic population.  These inconsistencies are 
presented in Table 2.
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Table 2: Demographic Statistics of Control and Simulated Populations 

Alternative Year 

Households Population 

ABAG Results 
Synthetic 

Population 
Percent 

Difference† 
ABAG 

Results 
Synthetic 

Population 
Percent 

Difference 
Households Group 

Quarters 

Historical 2015 2,760,000 133,000 2,875,000 -0.6% 7,571,000 7,571,000 0.0% 

No Project 2040 3,427,000 176,000 3,579,000 -0.7% 9,628,000 9,567,000 -0.6% 

Proposed 
Plan 2040 3,427,000 176,000 3,579,000 -0.7% 9,628,000 9,561,000 -0.7% 

Main 
Streets 2040 3,427,000 176,000 3,579,000 -0.7% 9,628,000 9,563,000 -0.7% 

Big Cities 2040 3,427,000 176,000 3,579,000 -0.7% 9,628,000 9,554,000 -0.8% 

EEJ 2040 3,427,000 176,000 3,579,000 -0.7% 9,628,000 9,559,000 -0.7% 

† – Individuals living in group quarters are considered individual households in the synthetic population and, subsequently, 
the travel model. 
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A key function of the population synthesizer is to identify each member of the representative populous 
with one of eight “person type” labels.  Each person in the synthetic population is identified as a full-
time worker, part-time worker, college student, non-working adult, retired person, driving-age student, 
non-driving-age student, or child too young for school.  The travel model relies on these person type 
classifications, along with myriad other variables, to predict behavior.  

Figure 1 shows the distribution of person types for the historical scenarios and the Proposed Plan 
alternative, from years 2005 to 2040. Interesting aspects of these distributions, which are driven by 
assumptions embedded in ABAG’s regional forecast, are as follows: 

− The share of full-time workers peaks in 2015; 
− The share of retired workers steadily increases from 2005 to 2040; and, 
− The person type shares are effectively identical. 

Figure 2 shows the distribution of person types across the five forecast year alternatives for year 2040. 



P l a n  B a y  A r e a  2 0 4 0    P a g e  | 9 

 

Figure 1: Historical and Forecasted Person Type Distributions for Proposed Plan Alternative 
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Figure 2: Year 2040 Person Type Distributions 
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Roadway Supply 
The historical scenarios for 2005 and 2015 have a representation of roadways that reflect infrastructure 
that was in place in 2005 and 2015. 

The No Project alternative includes projects that are either in place in 2016 or are “committed” per MTC 
policy. The Proposed Plan alternative includes the roadway projects included in the transportation 
investment strategy, which is discussed in detail elsewhere. 

The Main Streets and Big Cities alternative roadway projects were detailed to MTC’s Planning 
Committee in May 201610.  

The Environment, Equity, and Jobs alternative starts with the No Project alternative roadway network 
and then adds the Proposed Plan alternative’s bus rapid transit (BRT) infrastructure and the Columbus 
Day Initiative intelligent transportation systems scheme. No other uncommitted roadway projects are 
included in the EEJ alternative.  

A graphical depiction of the changes in the roadway network is presented in Figure 3 below. The chart 
shows the change in lane-miles (e.g., a one-mile segment of a four-lane road is four lane-miles) available 
to automobiles in year 2040 relative to year 2015. San Francisco County shows a decrease in lane-miles, 
s some roadway segments are converted to dedicated bus ways. Figure 4 shows the change in lane-
miles over time for the Proposed Plan alternative.  

                                                            
10 For additional details, please see https://mtc.legistar.com/View.ashx?M=F&ID=4446887&GUID=31890CF7-
8A5A-4A54-BA45-4466DEF7831B.  

https://mtc.legistar.com/View.ashx?M=F&ID=4446887&GUID=31890CF7-8A5A-4A54-BA45-4466DEF7831B
https://mtc.legistar.com/View.ashx?M=F&ID=4446887&GUID=31890CF7-8A5A-4A54-BA45-4466DEF7831B


P l a n  B a y  A r e a  2 0 4 0    P a g e  | 12 

 

Figure 3: Year 2040 Growth in Roadway Lane Miles Available to Automobiles Relative to 2015 
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Figure 4: Growth in Roadway Lane Miles Available to Automobiles for Proposed Plan Alternative 
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Transit Supply 
The historical scenarios for 2005 and 2015 reflect service in these years. 

The No Project alternative begins with 2015 service levels and adds projects that are committed per 
MTC policy. The Proposed Plan alternative begins with 2015 service levels and adds both the committed 
projects as well as those included in the transportation investment strategy.  

The Main Streets and Big Cities alternative transit projects were detailed to MTC’s Planning Committee 
in May 201611.  

The Environment, Equity and Jobs alternative begins with the Proposed Plan transit network and 
increases transit service frequency in some suburban areas.  

A graphical depiction of these changes in transit service is presented in Figure 5 below. The chart shows 
the change in seat-miles (e.g., a one-mile segment of a bus with 40 seats is 40 seat-miles) in year 2040 
compared to year 2015 across alternatives. Figure 6 shows the change in seat-miles over time for the 
Proposed Plan Alternative. 

                                                            
11 Ibid.  
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Figure 5: Year 2040 Growth in Transit Passenger Seat Miles from 2015  
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Figure 6: Year 2040 Growth in Transit Passenger Seat Miles from 2015 for Proposed Plan 
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Prices 
The travel model system includes probabilistic models in which travelers select the best travel mode 
(e.g., automobile, transit, bicycle, etc.) for each of their daily tours (round trips) and trips. One 
consideration of this choice is the trade-off between saving time and saving money. For example, a 
traveler may have two realistic options for traveling to work: (i) driving, which would take 40 minutes 
(round trip) and cost $10 for parking; or, (ii) taking transit, which would take 90 minutes (round trip) and 
cost $4 in bus fare ($2 each way). The mode choice model structure, as estimated in the early 2000s, 
includes coefficients that dictate how different travelers in different contexts make decisions regarding 
saving time versus saving money. These model coefficients value time in units consistent with year 2000 
dollars, i.e. the model itself – not an exogenous input to the model – values time relative to costs in year 
2000 dollars. Because re-estimating model coefficients is “expensive” (in terms of staff time and/or 
consultant resources), it is done infrequently, which, in effect, “locks in” the dollar year in which prices 
are input to the travel model. To use the model’s coefficients properly, all prices must be input in year 
2000 dollars. In the remainder of this document, prices are presented both in (close to) current year 
dollars, to give the reader an intuitive sense as to the scale of the input prices, as well as year 2000 
dollars, which are the units required by the model coefficients. 

Six different types of prices are explicitly represented in the travel model: (i) bridge tolls; (ii) express lane 
tolls; (iii) transit fares; (iv) parking fees; (v) perceived automobile operating cost and gas taxes; and (vi) 
cordon tolls.  A brief discussion on how the model determines each synthetic traveler’s value of time is 
presented next, after which the input assumptions across each of these price categories are presented. 

Value of Time 
The model coefficients that link the value of time with the other components of decision utilities remain 
constant between the baseline and forecast years, with the one exception of the coefficients on travel 
cost.  These coefficients are a function of each synthetic individual’s value of time, a number drawn, in 
both the historical and forecast year simulations, from one of four log-normal distributions (see Figure 
7).  The means of these distributions are a function of each traveler’s household income.  The value of 
time for children in a household is equal to two-thirds that of an adult.  The means and shapes of these 
distributions remain constant across forecast years and scenarios. 
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Figure 7: Value of Time Distribution by Household Income 

 

Bridge Tolls 
The bridge tolls assumed in the year 2015 baseline scenario are shown below in Table 3.  Please note 
that Table 3 includes the price of tolls in year 2015 expressed in both year 2000 and year 2015 dollars.   

The No Project alternative assumes the toll schedule in place as of July 1, 201212. This schedule is 
consistent with the year 2015 tolls presented in Table 3. 

The bridge tolls assumed in the Proposed Plan, Main Streets, Big Cities and Equity, Environment, and 
Jobs alternatives are summarized in Table 4.  Again, the price of tolls in year 2040 are expressed in year 
2000 and year 2015 dollars. 

  

                                                            
12 Complete details are available here: http://bata.mtc.ca.gov/getting-around#/.  

http://bata.mtc.ca.gov/getting-around#/
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Table 3: Year 2015 Common Peak Period Bridge Tolls† 

Bridge 2-axle, single  
occupant toll 2-axle, carpool* toll 

 $2000 $2015 $2000 $2015 

San Francisco/Oakland Bay Bridge $4.82 $6.00 $2.01 $2.50 

Antioch Bridge $4.02 $5.00 $2.01 $2.50 

Benicia/Martinez Bridge $4.02 $5.00 $2.01 $2.50 

Carquinez Bridge $4.02 $5.00 $2.01 $2.50 

Dumbarton Bridge $4.02 $5.00 $2.01 $2.50 

Richmond/San Rafael Bridge $4.02 $5.00 $2.01 $2.50 

San Mateo Bridge $4.02 $5.00 $2.01 $2.50 

Golden Gate Bridge $4.02 $5.00 $2.41 $3.00 

† – The full toll schedule includes off-peak tolls and tolls for 3- or more axle vehicles.   
* – Carpools are defined as either two-or-more- or three-or-more-occupant vehicles, depending 
on the bridge, and only receive a discount during the morning and evening commute periods 
(source: bata.mtc.ca.gov; goldengatebridge.org). 
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Table 4: Common Peak Period Bridge Tolls for Proposed Plan, Main Streets, Big Cities, and EEJ Alternatives† 

Bridge 2-axle, single  
occupant toll 2-axle, carpool* toll 

 $2000 $2015 $2000 $2015 

San Francisco/Oakland Bay Bridge $5.72 $8.00 $2.86 $4.00 

Antioch Bridge $5.01 $7.00 $2.50 $3.50 

Benicia/Martinez Bridge $5.01 $7.00 $2.50 $3.50 

Carquinez Bridge $5.01 $7.00 $2.50 $3.50 

Dumbarton Bridge $5.01 $7.00 $2.50 $3.50 

Richmond/San Rafael Bridge $5.01 $7.00 $2.50 $3.50 

San Mateo Bridge $5.01 $7.00 $2.50 $3.50 

Golden Gate Bridge $4.47 $6.25 $3.04 $4.25 

† – The full toll schedule includes off-peak tolls and tolls for 3- or more axle vehicles.   
* – Carpools are defined as either two-or-more- or three-or-more-occupant vehicles, depending 
on the bridge, and only receive a discount during the morning and evening commute periods 
(source: bata.mtc.ca.gov; goldengatebridge.org). 

   

Express Lane Tolls 
MTC’s travel model explicitly represents the choice of travelers to pay a toll to use an express lane (i.e., 
a high-occupancy toll lane) in exchange for the time savings offered by the facility relative to the parallel 
free lanes.  To exploit this functionality, the analyst must assign a travel price by time of day and vehicle 
class on each express lane link in the network.  To efficiently and transparently simulate the impacts of 
the express lanes on behavior, we segment the express lane network in the scenarios into logical 
segments, with each segment receiving a time-of-day-specific per mile fee.  To illustrate the detail 
involved in this coding, Figure 8, Figure 9, Figure 10, and Figure 11 (abstractly) present the morning 
commute period price for the year 2040 simulations.  Please note that the simulated prices are not 
perfectly optimal – meaning, MTC did not analyze each corridor iteratively to find the price that 
maximized a pre-defined operational goal.  Rather, the prices are adjusted a handful of times in an 
attempt to keep congestion low and utilization high.  Importantly, the prices are held constant over 
four-hour morning (6 to 10 am) and evening (4 to 7 pm) commute periods.  MTC’s travel model assumes 
that congestion is uniform over the entire four-hour commute periods.  We know this is not true, but 
make this assumption as a simplification.  The peak one-hour within the four-hour commute period 
would require a higher toll than those simulated in the model.   
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Figure 8: Morning Commute Express Lane Prices for No Project 

 

 

Low toll price

Medium toll price

High toll price
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Figure 9: Morning Commute Express Lane Prices for Proposed Plan Alternative 
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Figure 10: Morning Commute Express Lane Prices for Main Streets Alternative 

 

 

Low toll price

Medium toll price

High toll price
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Figure 11: Morning Commute Express Lane Prices for Big Cities and EEJ Alternatives 
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Transit Fares 
The forecast year transit networks pivot off a year 2015 baseline network, i.e. the alternatives begin 
with 2015 conditions and add/remove service to represent the various alternatives.  The transit fares in 
2015 are assumed to remain constant (in real terms) in all of the forecast years.  We are therefore 
explicitly assuming that transit fares will keep pace with inflation and that transit fares will be as 
expensive in the forecast year as they are today, relative to parking prices, bridge tolls, etc.  As a 
simplification, we assume travelers pay the cash fare to ride each transit service.  Table 5 includes fare 
prices in year 2015 expressed in both year 2000 and year 2015 dollars (i.e., the table does not include 
information about the cost of taking transit in the year 2000).  

Table 5: Year 2015 Common Transit Fares 

 Base fare 

Operator $2000 $2015 

San Francisco Municipal Transportation Agency (Muni) $1.57 $2.25 

Alameda/Contra Costa Transit (AC Transit) – Local buses $1.47 $2.10 

Santa Clara Valley Transportation Authority (VTA) – Local buses $1.40 $2.00 

Santa Clara Valley Transportation Authority (VTA) – Express buses $2.80 $4.00 

San Mateo County Transit (SamTrans) – Local buses $1.40 $2.00 

Golden Gate Transit – Marin County to San Francisco Service $3.67 $5.25 

County Connection (CCCTA) $1.40 $2.00 

Tri-Delta Transit $1.40 $2.00 

Livermore Amador Valley Transit Authority (Wheels, LAVTA) $1.40 $2.00 

Note: this is a sample, rather than an exhaustive list, of Bay Area transit providers and fares. 

 

Parking Prices 
The travel model segments space into travel analysis zones (TAZs).  Simulated travelers move between 
TAZs and, in so doing, burden the transportation network.  Parking costs are applied at the TAZ-level: 
travelers going to zone X in an automobile must pay the parking cost assumed for zone X. 

The travel model uses hourly parking rates for daily/long-term (those going to work or school) and 
hourly/short-term parkers.  The long-term hourly rate for daily parkers represents the advertised 
monthly parking rate, averaged for all lots in a given TAZ, scaled by 22 days per month, then scaled by 8 
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hours per day; the short-term hourly rate is the advertised hourly rate – generally higher than the rate 
daily parkers pay – averaged for all lots in a given TAZ.  Priced parking in the Bay Area generally occurs in 
greater downtown San Francisco, downtown Oakland, Berkeley, downtown San Jose, and Palo Alto. 

When forecasting, we assume that parking prices change over time per a simple model: parking cost 
increases linearly with employment density.  Across the scenarios, therefore, the parking charges vary 
with employment density. 

Perceived Automobile Operating Cost and Gas Tax 
When deciding between traveling in a private automobile or on a transit vehicle (or by walking, 
bicycling, etc.), MTC assumes travelers consider the cost of operating and maintaining, but not owning 
and insuring, their automobiles.  The following three inputs are used to determine the perceived 
automobile operating cost: average fuel price, average fleet-wide fuel economy, and non-fuel related 
operating and maintenance costs. 

In an effort to improve consistency among regional planning efforts across the state, the Regional 
Targets Advisory Committee (formed per Senate Bill 375) recommended that California’s metropolitan 
planning organizations (MPOs) use consistent assumptions for fuel price and for the computation of 
automobile operating cost in long range planning.  Using forecasts generated by the United States 
Department of Energy (DOE) in the summer of 2013 (and expressed in year 2010 dollars), the MPOs 
agreed13 to procedures to consistently estimate forecast year fuel and non-fuel-related prices.  The 
average fleet-wide fuel economy implied by the EMFAC 2014 software is used to represent the average 
fleet-wide fuel economy.  A summary of our assumptions are presented below in Table 6.  Note that the 
prices in Table 6 are presented in year 2015 (i.e., current year) dollars, year 2010 dollars (the units used 
in the above referenced documentation), and year 2000 dollars (units of the travel model).  

In all of the year 2040 scenarios save the No Project, a regional gas tax of 10 cents per gallon ($2015 
dollars) is assumed.  

                                                            
13 Please see the memorandum titled “Automobile Operating Cost for the Second Round of Sustainable 
Communities Strategies” dated October 13, 2014. 
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Table 6: Perceived Automobile Operating Cost Calculations 

 Analysis Year 

Measure 2010 2040 

Average fuel price (Year 2000 dollars per gallon) $2.51 $4.21 

Average fuel price (Year 2010 dollars per gallon) $3.17 $5.26 

Average fuel price (Year 2015 dollars per gallon) $3.61 $6.06 

EMFAC-implied fuel economy (miles per gallon) 20.10 42.36 

Non-fuel-related operating cost ($2000 per mile) $0.04 $0.07 

Non-fuel-related operating cost ($2010 per mile) $0.05 $0.09 

Non-fuel-related operating cost ($2015 per mile) $0.06 $0.10 

Perceived automobile operating cost ($2000 per mile) † $0.17 $0.17 

Perceived automobile operating cost ($2010 per mile) † $0.21 $0.22 

Perceived automobile operating cost ($2015 per mile) † $0.24 $0.24 

† – Sum of the fuel-related operating cost (fuel price divided by fuel economy) and non-fuel-related 
operating cost. 

 

Cordon Tolls 
The Proposed Plan, Big Cities and EEJ scenarios include a cordon toll in San Francisco.  The scheme 
requires all vehicles to pay a $6 (in 2015 dollars) fee to enter or leave the greater downtown San 
Francisco area during the evening commute period.  The cordoned area is bounded by Laguna Street to 
the west, 18th Street to the south, and the San Francisco Bay to the north and east. 

Other Key Assumptions 
Technology currently allows large numbers of Bay Area residents to work at home.  In the forecast years, 
MTC assumes the trend of workers working at home revealed in Census data from 1980 through 2014 
will continue through 2040.  Figure 12 presents the historical data, the trend, and the MTC forecasts.  
These telecommuting assumptions are the same across all year 2040 scenarios, including the No Project.  
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Figure 12: Work at Home Observations, Trends and Forecasts 

Chapter 3: Key Results 
Selected travel model results across a variety of dimensions are summarized and discussed here.  The 
presented results are not exhaustive and are intended only to give the reader a general sense of the 
expected behavioral changes in response to differing input assumptions across scenarios. 

Performance Targets and Equity Analysis 
The purpose of this document is to describe the response of travelers to the projects and policies 
implemented in the scenarios described in the previous section.  Information from the travel model is 
also used to help assess the performance of each of the scenarios per agency-adopted targets.  This 
information is described in MTC’s May 2016 Planning Committee memorandum14.   

Information from the travel model also is used to analyze how different populations are impacted by the 
investments and policies included in each alternative.  This information is described in MTC’s May 2016 
Planning Committee memorandum15.   

                                                            
14 Available here: http://mtc.legistar.com/gateway.aspx?M=F&ID=a78d1547-7db3-4dd2-afdb-2d14fe3aec71.pdf 
15 Ibid. 
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Automobile Ownership 
Figure 13 presents the automobile ownership rates across the four scenarios in the year 2040 
simulations as well as year 2015.  The differences across scenarios are not dramatic.  A key finding is the 
general increase in zero automobile households in the Proposed Plan, Big Cities and EEJ scenarios. 

 

Figure 13: Year 2040 Automobile Ownership Results 

  

Activity Location Decisions 
Figure 14 and Figure 15 present the average trip distance by travel mode for all travel and for trips on 
work tours, respectively.  The key finding here is that the Big Cities scenario brings activities slightly 
closer together, when compared to the 2015 baseline. 



P l a n  B a y  A r e a  2 0 4 0    P a g e  | 30 

 

Figure 14: Year 2040 Average Trip Distance 

 

 

Figure 15: Year 2040 Average Trip Distance for Travel on Work Tours 
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Travel Mode Choice Decisions 
The means by which a traveler gets from point A to point B is referred to as the travel mode.  Within 
MTC’s representation of travel behavior, five automobile-based modal options are considered, 
specifically: 

• traveling alone in a private automobile and opting not to pay to use an express lane (“single 
occupant, no HOT”), an option only available to those in households who own at least one 
automobile; 

• traveling alone in a private automobile and opting to pay to use an express lane (“single 
occupant, pay to use HOT”), an option only available to those who both own a car and whose 
journey would benefit from using the express lane facility (e.g., this option is not available to 
those driving through a residential neighborhood to drop a child at school); 

• traveling with one passenger in a private automobile and opting not to pay to use an express 
lane (“two occupants, no HOT) (these travelers can use carpool lanes for which they are 
eligible), an option available to all households; 

• traveling with one passenger in a private automobile and opting to pay to use an express lane 
(“two occupants, pay to use HOT”), an option available to all households provided they would 
benefit from using an express lane (if the express lane facility which benefits travelers allows 
two-occupant vehicles to travel for free, than these travelers are categorized as “two occupants, 
no HOT”); and, 

• traveling with two or more passengers in a private automobile (“three-or-more occupants”) – 
these travelers are allowed to travel for free on express lane facilities across all the scenarios (as 
well as carpool facilities). 

The travel model explicitly considers numerous non-automobile options which are collapsed in these 
summaries into the following four options: transit, getting to and from by foot (“walk to transit”); 
transit, getting to or from in an automobile (“drive to transit”); walk; and, bicycle. 

Figure 16 and Figure 17 present the share of trips made by various travel modes.  Figure 16 shows 
shares of travel in automobiles by occupancy category as well as by willingness to pay to use an express 
lane.  Overall, mode shares shift slightly towards transit in the four project scenarios compared with a 
slight shift towards auto travel in the No Project scenario.  Figure 17 presents companion results for 
non-automobile travel modes, including public transit, walking, and bicycling.  Here, we see a slight 
increase in walk-to-transit in the Big Cities and EEJ scenarios, which reflects the scenarios’ increase in 
transit service and increasingly efficient land development patterns.
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Figure 16: Year 2040 Automobile Mode Shares for All Travel 

 

Figure 17: Year 2040 Non-Automobile Mode Shares for All Travel 
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Aggregate Transit Demand Estimates 
Bay Area residents choosing to travel by transit are explicitly assigned to a specific transit route.  As a 
means of organizing the modeling results, MTC groups transit lines into the following technology-
specific categories:  

• Local bus: standard, fixed-route bus service, of the kind a traveler may take to and from a 
neighborhood grocery store or to work, as well as so-called “bus rapid transit” service. 

• Express bus: longer distance service typically provided in over-the-road coaches.  Golden Gate 
Transit, for example, provides express bus service between Marin County and Downtown San 
Francisco. 

• Light rail: represented in the Bay Area by San Francisco’s Muni Metro and streetcar services (F-
Market and E-Caltrain), as well as Santa Clara Valley Transportation Authority’s light rail service. 

• Heavy rail: another name for the Bay Area Rapid Transit (BART) service. 
• Commuter rail: longer distance rail service typically operating in dedicated right-of-way, 

including Caltrain, Sonoma-Marin Area Rail Transit (SMART), Amtrak’s Capitol Corridor, and 
Altamont Commuter Express.  

Figure 18 presents the estimates of transit boardings by these categories on the typical weekday 
simulated by the travel model.   Ridership increases from about 2.3 million daily boardings in 2015 to 
over 3 million daily boardings in all project scenarios, and over 3.4 million boardings in the 2040 Big 
Cities scenario.



P l a n  B a y  A r e a  2 0 4 0    P a g e  | 34 

 

Figure 18: Year 2040 Typical Weekday Transit Boardings by Technology 
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Roadway Utilization and Congestion Estimates 
Trips made by automobile are first aggregated into matrices identifying each trip’s origin and 
destination, and then “assigned” to a representation of the Bay Area’s roadway network.  The 
assignment process iteratively determines the shortest path between each origin-destination pair, 
shifting some number of trips to each iteration’s shortest path, until the network reaches a certain level 
of equilibrium – defined as a state in which travelers cannot change to a lower “cost” route (where cost 
includes monetary and non-monetary (time) expenditures).  Several measures of interest are generated 
by the assignment process, including vehicle miles traveled, delay, and average travel speed. 

Please note that MTC maintains three separate estimates of the quantity of vehicle miles traveled 
(VMT), as follows:  

(1) the quantity assigned directly to the highway network; 
(2) the quantity (1) plus so-called “intra-zonal” VMT (i.e., travel that occurs at a geographic scale 

finer than the travel model’s network representation), which is computed off-line; and, 
(3) the quantity (2) adjusted to match the VMT the California Air Resources Board (CARB) believes 

takes place in the Bay Area (a number slightly higher than MTC’s estimate). 

In this document, the VMT identified as (1) in the above list is presented. 

Figure 19 first segments VMT into five time periods and then scales the VMT by the number of hours in 
each time period.  The result is the intensity of VMT by time of day as well as the increase in VMT from 
2015 to 2040.  Overall, VMT varies only slightly across the year 2040 alternatives, with the Big Cities and 
EEJ scenarios having the lowest VMT. 

Figure 20 presents the average freeway speed across scenarios.  Looking at the speeds during the 
morning and evening commute periods, we see a reduction in speed (or, said another way, an increase 
in congestion) from the year 2015 scenario to the year 2040 No Project scenario.  Each of the 
alternatives improves freeway speeds.  
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Figure 19: Year 2040 Vehicle Miles Traveled per Hour by Time Period 
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Figure 20: Year 2040 Average Vehicle Speeds on Freeways 



38 

Appendix A: Off-Model Emission Reduction Estimates 

Off-Model Emission Reduction Estimates 
 
MTC, with consultant assistance, prepared off-model analyses of various strategies, referred to as 
climate initiatives, anticipated to produce measurable per-capita greenhouse gas (GHG) emission 
reductions. Investments are made in programs that will accelerate the adoption of clean vehicle 
technologies and promote the use of sustainable travel modes.  
 
The 2013 Plan Bay Area included an analysis of a variety of off-model strategies. In 2015, MTC 
reassessed the current strategies and explored new ones for inclusion in the update to Plan, Plan Bay 
Area 2040.  This assessment took into account findings from the implemented strategies and review of 
new and emerging strategies not included in Plan Bay Area. 
 
Based on the ICF assessment, MTC plans to include many of the climate strategies that were included in 
Plan Bay Area, namely:  

• Commuter Benefits Ordinance; 
• Car Sharing; 
• Vanpools and Employer Shuttles; 
• Regional Electric Vehicle Charger Network; 
• Vehicle Buyback and PEV Incentive; 
• Clean Vehicles Feebate Program; and 
• Smart Driving. 

 
Strategies not currently captured by MTC’s travel model were added to the Plan update: 

• Targeted Transportation Alternatives;  
• Trip Caps; 
• Bike Share; and  
• Bicycle Infrastructure. 

 
Each Climate Policy Initiative is summarized in the following pages, including a description of the project 
objective, contextual background, assumptions and methodology, analytic steps and results.  

Emission Rates 
To calculate the carbon dioxide (CO2) emissions reductions from the Climate Policy Initiatives, the 
California Emissions Model (EMFAC) trip end emission rates and exhaust per mile emission rates for light 
and medium duty vehicles were used. The regional average rates for annual CO2 emissions from light 
and medium duty vehicles are applied to the calculated trip reductions and VMT reductions, which are 
summarized in the individual policy descriptions below.    
 
In order to compare results with SB 375’s regional GHG emissions targets derived using 
EMFAC2007, EMFAC2014 GHG emissions outputs have been converted to EMFAC2007 equivalents by 
applying an adjustment methodology in accordance with ARB staff’s guidance and consultation for the 
off-model analysis in order to derive the CO2 emission factors used in the 2020 and 2035 CO2 reduction 
estimates. Unadjusted EMFAC2014 outputs were used to create emission factors for 2040 CO2 reduction 
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estimates.  Table  1  summarizes  the  CO2  emission  factors  used  for  passenger  vehicles.  Except where 
otherwise noted, we use these factors throughout our analysis. 
 
Table 1: CO2 emission factors 

  2020 
(based on EMFAC2007 

equivalents) 

2035 
(based on EMFAC2007 

equivalents) 

2040 
(based on EMFAC2014 

outputs) 

CO2  Exhaust  Emission 
Rate (grams per mile) 

386.45 
 

389.19 
 

386.75 
 

CO2  Trip  End  Emission 
Rate (grams per trip) 

80.75 
 

79.09 
 

85.80 
 

 

Commuter Benefits Ordinance 

In fall 2012, Senate Bill (SB) 1339 authorized the Bay Area Air Quality Management District (Air District) 
and MTC to adopt and implement a regional commuter benefits ordinance in the San Francisco Bay Area 
on a pilot basis through December 31, 2016.  The goal of the pilot was to promote the use of transit and 
other sustainable commute modes in order to reduce single‐occupant vehicle commute trips, traffic 
congestion, GHG and other pollutants.  After completion of the pilot, MTC and the Air District achieved 
bi‐partisan support in the State Legislature, and SB 1128 was signed by Governor Brown on September 
22, 2016.  SB 1128 extends the provisions of the Commuter Benefits Ordinance (CBO), establishing the 
pilot program permanently. MTC and the Air District continue to jointly administer the program and 
implement the law.   
 
The CBO requires employers with 50 or more full‐time employees in the Bay Area to offer their 
employees incentives to commute to work by modes other than driving alone. Employers can choose to 
offer one of the following options in order to make sustainable commute modes more attractive to their 
employees: 

 Pre‐Tax Benefit ‐ allows employees to exclude their transit or vanpooling expenses from taxable 
income (IRS Code Section 132 (f)); 

 Employer‐Provided Subsidy ‐ provides a subsidy to reduce or cover employees’ monthly transit 
or vanpool costs; 

 Employer‐Provided Transit ‐ provides a free or low‐cost transit service for employees, such as a 
bus, shuttle or vanpool service; or 

 Alternative Commuter Benefit ‐ provides an alternative commuter benefit that is as effective in 
reducing single‐occupancy commute trips as Options 1, 2 or 3. 

 
Off‐model analysis is necessary to capture CO2 reductions from the CBO because MTC’s last household 
travel survey, which informs its model, was conducted in 2010, and does not capture the impacts of new 
strategies that change travel behavior such as this one. The CBO might be captured by a future model 
once it has been implemented to the extent that the options offered through the ordinance influence 
people’s behavior in a way that can be captured by the travel surveys, and once the model framework 
has been altered to include inputs that are reflective of the CBO.  
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Assumptions and methodology 
In Plan Bay Area, CO2 reductions due to the CBO were projected based on research and evidence from 

similar efforts, particularly San Francisco’s CBO, which has been in effect in since 2009. In 2015, MTC 

completed an evaluation of the CBO based on a random sample survey of over 1,400 Bay Area 

employees.1 In the update to the Plan, Plan Bay Area 2040, the same methodology is applied to estimate 

CO2 reductions as in the previous Plan, but the assumptions are based on MTC’s evaluation. 

CBOs encourage employees to shift from driving alone to taking transit, carpooling, bicycling or walking 

by offering incentives to cover the costs of using these modes or by providing shuttle/vanpool service. In 

order to quantify the benefits, the number of employees covered by the CBO and the corresponding 

VMT reduction are estimated. 

Additionally, the number of employees at businesses that begin to offer benefits due to the CBO are 

estimated for each of the 34 superdistricts in MTC’s travel model. The total number of employees in 

each superdistrict for each scenario‐year was also collected and compared to the current Dun and 

Bradstreet size of business data to identify the percentage of employees in each superdistrict that work 

at businesses with 50 or more employees subject to the CBO. Region‐wide, slightly over 50 percent of 

employees work at establishments with 50 or more employees, though the percentages range from 31% 

to 68 percent for individual superdistricts. Since some employers already offer the types of benefits 

described in the legislation, the methodology estimated the percentage of employees who do not 

already receive the benefits, which includes all new employees (i.e., employees added between 2015 

and the scenario year) and a percentage of current (2015) employees. In 2009, the City and County of 

San Francisco enacted a CBO and found that 46 percent of employers already offered one of the 

required benefits prior to implementation of the city’s ordinance.2 Accordingly, 54 percent of current 

employees in the Bay Area are assumed to be receiving new benefits as a result of the CBO. This is a 

conservative estimate when applied to areas outside of San Francisco which is well‐served by transit and 

other options to driving alone, and has many progressive employers who are more likely to offer their 

workers benefits to take advantage of these options independent of a CBO. The results were summed 

across all superdistricts within each of the nine Bay Area counties to estimate the total number of 

employees that receive benefits due to the CBO at the county level.  

From MTC’s evaluation of the CBO, which included a survey of employees, the county‐level estimates of 

the percentage of employees who are aware that their employer offers a CBO program and the 

percentage of employees who reduce at least one SOV trip due to the CBO were determined. The 

methodology assumes that as time passes, all employers will comply with the CBO and all employees 

will be aware of the benefits available to them. These findings were applied to the average regional 

reduction in vehicle trips and VMT for employees who respond to the CBO to estimate VMT reductions. 

Table 2 summarizes the evaluation results used in the analysis.  

                                                            
1 Bay Area Air Quality Management District, Metropolitan Transportation Commission. Bay Area Commuter 
Benefits Program, Report to the California Legislature. February 2016. 
http://www.baaqmd.gov/~/media/files/planning‐and‐research/commuter‐benefits‐program/reports/commuter‐
benefits‐report.pdf  
2 Data supplied by the San Francisco Department of Environment.  
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Table 2: Summary of CBO evaluation findings3 

County 

% of eligible 
employees who 
reduce SOV 
trips due to 

CBO 

% of eligible 
employees who 
are aware of 
CBO benefits 

% of eligible 
employees who 
reduce SOV 
trips due to 

CBO (adjusted) 

Average yearly 
trip reductions 
for employees 
who reduce 
SOV trips 

Average yearly 
VMT reductions 
for employees 
who reduce 
SOV trips 

Alameda  4.5%  51.5%  8.7%  36.0  697.5 

Contra Costa  7.6%  43.8%  17.4%  36.0  697.5 

Marin  7.0%  32.0%  21.9%  36.0  697.5 

Napa  8.8%  42.4%  20.8%  36.0  697.5 

San Francisco  7.1%  75.0%  9.5%  36.0  697.5 

San Mateo  8.8%  53.8%  16.4%  36.0  697.5 

Santa Clara  6.4%  56.2%  11.4%  36.0  697.5 

Solano  0.0%  28.0%  0.0%  36.0  697.5 

Sonoma  0.0%  21.8%  0.0%  36.0  697.5 

 

Analysis steps 
To calculate CO2 reductions due to the CBO, the methodology:  

1. Identified the current and future number of employees for each MTC superdistrict. 
2. Subtracted current from future employees to calculate the number of new employees for each 

MTC superdistrict. 
3. Multiplied the number of current employees by the estimated percentage of employees who do 

not currently receive commuter benefits (54%) and added the result to the number of new 
employees to calculate the total number of employees who do not currently receive commuter 
benefits. 

4. Multiplied the result by the percentage of employees in each superdistrict that are currently 
employed at businesses with over 50 employees to estimate the total number of employees 
who are newly eligible for CBO benefits in each superdistrict.  

5. Summed results across all superdistricts within each county. 
6. Multiplied the result by the adjusted percentage of eligible employees in each county who 

reduce drive‐alone trips due to the CBO (see Table 2) and summed results across all counties to 
estimate the total number of employees who change behavior due to the CBO. 

7. Multiplied the result by the average annual reduction in vehicle trips and VMT per affected 
employee (see Table 2) to estimate total annual reduction in vehicle trips and VMT.  

8. Summed the product of trip‐end emission rates and daily vehicle trip reductions and the product 
of exhaust emission rates and daily VMT reductions to calculate total CO2 emission reductions.  

Results 
Table 3 and Table 4 summarize the CO2 reductions due to the CBO. 

Table 3: Daily CO2 emissions reductions due to CBO (short tons) 

EIR Alternative  2020  2035  2040 

Proposed Plan   296    328    340  

                                                            
3 MTC Climate Initiatives Program Evaluation: Commuter Benefits Ordinance, Prepared for MTC by True North 
Consulting, 2015. A summary of findings is available at http://mtccms01.prod.acquia‐
sites.com/sites/default/files/CIP%20Evaluation%20Summary%20Report_7‐13‐15_FINAL.pdf.  
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Main Streets   297    329    343  

Big Cities   297    327    339  

EEJ   297    327    340  

 

Table 4: Per capita CO2 emissions reductions from 2005 baseline due to CBO (percent) 

EIR Alternative  2020  2035  2040 

Proposed Plan  ‐0.36%  ‐0.35%  ‐0.34% 

Main Streets  ‐0.36%  ‐0.35%  ‐0.35% 

Big Cities  ‐0.36%  ‐0.35%  ‐0.34% 

EEJ  ‐0.36%  ‐0.35%  ‐0.34% 

 

Car Sharing 

Car sharing allows individuals to rent vehicles by the minute or by the hour, thus giving them access to 

an automobile without the costs and responsibilities of individual ownership. Car sharing is growing 

rapidly in the Bay Area through traditional for‐profit/non‐profit services (City CarShare/Carma, Zipcar, 

UHaul Car Share, Enterprise CarShare), peer‐to‐peer car sharing (Getaround, RelayRides) and one‐way 

car share services (Scoot, some preliminary offerings from Zipcar).  

Traditional car sharing businesses operate on a membership basis. Users pay an annual fee in addition to 

hourly and sometimes per‐mile rates. Gas, maintenance, parking, insurance and 24‐hour access are 

included in the membership and usage rates. The pricing scheme is set up to encourage the use of the 

vehicles for errands, airport pickups and other short trips. For trips longer than one day, it is usually less 

expensive to rent a vehicle through a car rental agency. Traditional car sharing models are most 

effective for households in neighborhoods that are served by high‐quality transit where vehicles are only 

infrequently needed. After joining a car sharing program, households in these neighborhoods can 

sometimes shed one or more vehicles due to the variety of modes accessible to them and the occasional 

use of a car sharing vehicle. In less dense neighborhoods, car sharing may allow a two‐ or three‐car 

family to shed one car by making a vehicle accessible for the rare instances that multiple vehicles are 

needed at the same time. Car sharing can also help to enable and expand the trend of younger 

generations putting off obtaining licenses at age 16 and purchasing vehicles. In general, car sharing 

members are required to have a clean driving record and be over the age of 18 in order to join. 

Businesses can also sign up for business memberships to avoid maintaining or reduce the size of a 

company fleet of vehicles.  

Peer‐to‐peer car sharing (also known as P2P) allows an individual to rent out his/her private vehicle 

when not in use. Participation in this car sharing model generates income for the owner and provides a 

wide range of vehicle types and prices to the renter. Peer‐to‐peer is similar to the traditional car sharing 

model insofar as vehicles need to be returned to the starting location, but differ in that they are more 

likely to succeed than traditional car sharing in less dense, suburban neighborhoods.4  This is because 

the service is providing additional income to the vehicle owner, and the usage does not need to be high 

                                                            
4 Hampshire, R. and C. Gaites, Peer‐to‐peer Carsharing: Market Analysis and Potential Growth, Transportation 
Research Record 2217, 2011.  
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enough to completely offset the vehicle ownership costs. One peer‐to‐peer company, Getaround, was 

launched in 2011 and has built a rapidly growing network of vehicles, including in the Bay Area cities of 

San Francisco, Berkeley and Oakland.  

One‐way car sharing allows a driver to pick up a vehicle in one location and drop it off at another—in 

some cases a dedicated pod; in others, wherever is convenient within a set geographic area. This model 

could allow an individual who takes transit to work to then pick up a vehicle and run errands on her way 

home. This model also allows vehicles to turn over more frequently since users can drive to an event, 

park the car, let someone else rent it and then pick up a different vehicle nearby for their return trip, 

which can lead to higher utilization of vehicles. Some of the more widespread one‐way car sharing 

services include Car2Go, operated by Mercedes‐Benz, and ZipCar’s one‐way service, both of which 

currently operate in seven cities. Scoot, a one‐way scooter sharing system, currently operates in San 

Francisco.  

Car sharing has positioned itself to cause a major shift in the market, but it is not captured in MTC’s 

travel model, and accordingly is accounted for off‐model. Car sharing reduces emissions in two primary 

ways: by lowering the average VMT of members and by allowing trips to be taken with more fuel‐

efficient vehicles than would have been used without car sharing. While shared transportation modes 

are becoming ever more popular and car sharing may continue to increase absent any intervention by 

MTC, MTC will be helping to accelerate expansion through this program. MTC could offer grants to fund 

a variety of efforts to encourage car sharing, potentially including opening new traditional car sharing 

offices or pods in underserved communities, developing parking codes that remove barriers to one‐way 

car sharing and marketing and outreach programs.  

Assumptions and methodology 
CO2 reductions due to car sharing are based on the number of Bay Area residents who are in the age 

groups likely to adopt car sharing and who live in communities that are compact enough to promote 

shared use. Research shows that adults between the ages of 20 and 64 are most likely to adopt car 

sharing, and estimates that between 10 percent5 and 13 percent6 of the eligible population in more 

compact areas when car sharing is available. With the introduction of one‐way and peer‐to‐peer car 

sharing, as well as the implementation of regional strategies to support car sharing, adoption rates are 

assumed to reach 14 percent of the eligible population in dense urban areas (i.e., areas with at least ten 

people per residential acre) by 2035, while three percent of the eligible population could adopt car 

sharing by 2035 in suburban areas. Table 5 below summarizes the assumptions with respect to adoption 

rates. 

                                                            
5 Zipcar. http://www.zipcar.com/is‐it#greenbenefits. Accessed March 20, 2017. 
6 Zhou, B., Kockelman, K, and Gao, R. "Opportunities for and Impacts of Carsharing: A Survey of the Austin, Texas 
Market", TRB, 2009. 
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Table 5: Car sharing adoption rates 

Scenario year 

Adoption rates in 
urban areas (>10 
people/res acre) 

Adoption rates in 
suburban areas (<10 
people/res acre) 

2020  12%  0% 

2035   14%  3% 

2040  14%  3% 

 

Research by Robert Cervero7 indicates that on average traditional car share members drive seven fewer 

miles per day than non‐members. This is mostly due to the members who shed a vehicle after joining car 

sharing. Their daily VMT drops substantially and outweighs the increase in VMT from car share members 

that previously did not have access to a vehicle. In addition to this reduction in VMT, when members 

drive in car share vehicles, their per‐mile emissions are lower because car share vehicles are more fuel 

efficient than the average vehicle. Research by Martin and Shaheen8 shows that the car share fleet uses 

29 percent less fuel per mile than the passenger vehicle fleet in general, a difference assumed to persist 

through 2040. The same paper also shows that on average, members of traditional car sharing programs 

drive an average of 1,200 miles in car sharing vehicles per year. Also assumed is annual car share 

mileage will remain constant over time.  

Although there are currently no one‐way car sharing programs in the Bay Area, it is expected that this 

model will emerge over the coming years. Recent research suggest that while one‐way car sharing still 

reduces CO2 emissions, but not as much as traditional car sharing. For this analysis, it is assumed that 

one‐way car sharing is not yet widespread in the Bay Area in 2020. However, by 2035, it is assumed that 

20 percent of Bay Area car sharing members will be participating in a one‐way car sharing program 

rather than a traditional program, and by 2040 this figure will increase to 25 percent. Table 6 

summarizes these assumptions. 

Table 6: One‐way car sharing participation rates 

  2020  2035  2040 

Percent of car share members that participate in one‐way car 
sharing (rather than traditional programs) 

0%  20%  25% 

 

New research by Martin and Shaheen9 indicates that on average one‐way car share members drive 1.07 

fewer miles per day than non‐members. Additionally, the one‐way car sharing fleet uses 45 percent less 

fuel per mile, a difference assumed to persist through 2040. The same paper also shows that on 

average, members of traditional car sharing programs drive an average of 104 miles in car sharing 

vehicles per year. This mileage is also assumed to remain constant over time. 

                                                            
7 Cervero, Golub, and Nee, "City CarShare: Longer‐Term Travel‐Demand and Car Ownership Impacts", July 2006, 
TRB 2007 Annual Meeting paper. 
8 Martin, Elliot, and Susan Shaheen, “Greenhouse Gas Emission Impacts of Carshaing in North America,” 2010, 
Mineta Transportation Institute. MTI Report 09‐11. 
9 Martin, Elliot, and Susan Shaheen, "Impacts of Car2Go on Vehicle Ownership, Modal Shift, Vehicle Miles Traveled, 
and Greenhouse Gas Emissions", July 2016, Working Paper. 
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Analysis steps 
To calculate the CO2 emission reductions due to car sharing, the methodology:  

1. Calculated the residential density of every TAZ (transportation analysis zone) during the scenario 

year by dividing the total population by the residential acres. 

2. Summed the total car sharing eligible population (between the ages of 20 and 64) for urban 

areas (TAZs with a population density greater than 10 residents per residential acre) and for 

suburban areas (TAZs with a population density greater than 10 residents per residential acre). 

3. Calculated total future car share membership population by multiplying the factors in Table 5 by 

the total car sharing eligible population in urban and suburban areas, respectively. 

4. Applied the percentages in Table 6 above to determine the number of members in both 

traditional and one‐way car sharing services.  

5. Calculated the daily VMT reduction by multiplying the miles shed per day per member (7 miles 

in traditional car sharing programs, and 1.07 miles in one‐way car sharing programs) to the 

number of members of each service type and summed the result across both service types.  

6. Multiplied daily VMT reductions by exhaust emission rates to calculate CO2 emission reductions 
due to car share members driving less. 

7. Calculated the total annual miles driven in car share vehicles in the Bay Area by multiplying the 

car sharing member estimates for traditional and one‐way car sharing by 1,200 annual miles, 

and 104 annual miles respectively. This was divided by the assumed number of travel days/year 

(250) to determine daily VMT for vehicles in each car share service type.  

8. Multiplied daily VMT for vehicles in each car share service type by the vehicle efficiency gains for 

each service type (29% for traditional services and 45% for one‐way services) and by exhaust 

emission rates to estimate CO2 reductions due to car share members driving more efficient 

vehicles. 

9. Summed CO2 emission reductions due to car share members driving less (Step 6) and CO2 

reductions due to car share members driving more efficient vehicles (Step 8) to estimate total 

CO2 reductions due to car sharing.  

Results 
Table 7 and Table 8 summarize the CO2 reductions due to car sharing.  

Table 7: Daily CO2 emissions reductions due to car sharing (short tons) 

EIR Alternative  2020  2035  2040 

Proposed Plan  ‐1,713  ‐1,935  ‐1,900 
Main Streets  ‐1,709  ‐1,936  ‐1,900 
Big Cities  ‐1,694  ‐1,925  ‐1,895 
EEJ  ‐1,713  ‐1,936  ‐1,901 
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Table 8: Per capita CO2 emissions reductions from 2005 baseline due to car sharing (percent) 

EIR Alternative  2020  2035  2040 

Proposed Plan  ‐2.09%  ‐2.06%  ‐1.92% 
Main Streets  ‐2.09%  ‐2.06%  ‐1.92% 
Big Cities  ‐2.07%  ‐2.05%  ‐1.91% 
EEJ  ‐2.09%  ‐2.06%  ‐1.92% 

 

Vanpools and Employer Shuttles 

Vanpool 
MTC has coordinated a vanpool program since 1981 to encourage alternative commutes and reduce 

congestion and emissions. To date, MTC’s 511 vanpool program recruitment has consisted of online 

passenger and driver matching, employer outreach, up to $500 for startup fees, empty seat subsidies to 

encourage continued participation when a passenger is lost, free bridge tolls, and various other 

incentives. With these basic incentives there is an operational vanpool fleet in the Bay Area of over 515 

vans. Since vanpools are not represented in MTC’s travel model, the travel model cannot be used to 

assess the impacts of expanding the vanpool program, and therefore is captured off‐model.  

Employer shuttles 
In addition to these traditional vanpools, there has been explosive growth in the number of employer‐

provided shuttles in the Bay Area. These shuttles are used as a recruiting tool and they allow for 

increased worker productivity due to the onboard wireless internet, thus turning commute time into 

productive time. Rough estimates indicate that the technology company shuttles that operate between 

San Francisco and Silicon Valley transport close to 17,500 people per workday.10 The Google shuttle 

alone carried over 9,000 employees to work on peak days in 2015.11 Google’s shuttle system began as a 

vanpool in 2006 and rapidly grew into the current system. Prior to the SB 375 CO2 emissions baseline 

year (2005) there were very few employer provided shuttles in the region. For purposes of this analysis 

there are assumed to have been no shuttles prior to 2005.  

There are private shuttles running through all parts of the Bay Area including some that connect the East 

Bay and San Mateo County to Silicon Valley, some that operate just within San Francisco and San José, 

and others from BART and Caltrain stations to corporate campuses. These shuttles are not represented 

in MTC’s travel model, and the 2010 travel survey that informs the model does not reflect the rapid 

growth in employer shuttles in recent years nor its impact on travel patterns, and therefore shuttles are 

accounted for off‐model.  To be conservative, the 17,500 daily employer operated shuttle riders from 

                                                            
10 Based on Stamen’s estimate that San Francisco shuttles carry approximately equal to 35% of Caltrain ridership 
levels (https://hi.stamen.com/the‐city‐from‐the‐valley‐57e835ee3dc6#.4ic9o338l). Obtaining shuttle ridership 
levels is extremely difficult due to the confidential nature of the information since businesses use these shuttles as 
a recruiting tool. In the month prior to Stamen releasing their work, Caltrain reported ridership levels of 50,000 
passengers per weekday.  
11 Google. 2016. Environmental Report, https://environment.google/projects/environmental‐report‐2016/. 
Accessed March 20, 2017 
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San Francisco to the Silicon Valley are assumed to account for all employer operated shuttle riders in the 

Bay Area. 

Figure 1: Employer‐operated shuttles running from San Francisco to Silicon Valley12 

 

                                                            
12 Source: Stamen Design. The City from the Valley. 2012. https://hi.stamen.com/the‐city‐from‐the‐valley‐
57e835ee3dc6#.ifn458frg  
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Assumptions and Methodology 

Vanpools 
MTC plans to implement a vanpool program similar to programs already in operation in San Diego, Los 

Angeles, Denver, Arizona and elsewhere. San Diego’s program began in 2001 and saw five to ten percent 

growth in the vanpool fleet every year through fiscal year 2013. LA Metro began its program in 2007 and 

the vanpool fleet has grown about 14 percent per year. MTC assumes the incentives these program 

provided will increase the Bay Area’s vanpool fleet, increasing the number of vans in 2020 to 700 and 

doubling the 2013 fleet by 2035 (this equates to 1,030 vanpools), after which the number of vanpools 

would stabilize. The sustained fleet of 1,030 vans is slightly more than the 1996 peak of 900 vans. 

Accordingly, MTC plans to reevaluate the incentive package to reduce monthly operating costs.  

Over time, the vanpool incentive is expected to become self‐funding. This is accomplished by reporting 

the ridership mileage to the National Transit Database (NTD) which returns funding to the region for 

transit. Cities such as San Diego, Los Angeles, Denver and Arizona have found that NTD reporting of 

vanpool data returns more money to a jurisdiction than the amount spent to offset vanpool costs. For 

example, the Northern Virginia Transportation Commission found that failure to report vanpool data in 

the Washington, D.C. metropolitan area resulted in a $6‐$8 million loss per year, and that each $1 

invested would have returned more than $2 in transit funds.13 Los Angeles spends $7 million annually to 

off‐set vanpool costs and brings back $20 million in additional transit funding.14 While the amount 

returned varies depending on the number of passenger miles travelled; vanpools that log more miles 

and carry more passengers have higher returns. MTC estimates that for every $1 spent on vanpools, it 

could expect a return of about $1.40 in transit funds. 

Along with the increased subsidy, the methodology assumes that vanpools have an average of 10.8 

passengers and roundtrip distance of 110 miles, both of which are expected to remain constant over 

time. In order to account for the emissions from the vanpool van itself, the calculations only account for 

9.8 passengers in the van. Reducing the vanpool size is a simplified proxy for the emissions from the 

shared van. 

The population that shifts to vanpools is expected to be consistent with the general population’s 

commute mode share. Emissions reduced from a commuter switching from a single occupancy vehicle 

(SOV) are assumed to be 100 percent. Emissions reduced from a commuter switching from a two person 

carpool are assumed to be 50 percent. Emissions reduced from a commuter switching from a 3+ person 

carpool are assumed to be 33 percent. Shifts from other modes (walking, biking, or transit modes) are 

not assumed to reduce CO2 emissions, because these modes emit fewer CO2 emissions per mile than 

vanpools. In reality, it is unlikely that anyone would shift from walking or biking, which are typically 

short‐distance modes, to a long‐distance vanpool trip, and MTC focuses on providing vanpools for 

routes that are not currently well‐served by transit. However, assuming consistency with the general 

commute mode share produces a conservative estimate of CO2 reductions.  

                                                            
13 Northern Virginia Transportation Commission; FTA Section 5307 Earnings Potential from Vanpools in DC 
Metropolitan Region; Revised: August 7, 2009. 
14 MTC October 2014 interview with LA Metro program manager, Jamie Carrington. 
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Since the baseline year for the SB 375 CO2 emissions reduction target is 2005, the current vanpool fleet 

of 515 vans is not included in the analysis; only growth above and beyond 515 vans is included in the 

calculations. 

Employer shuttles 
Increases in the shuttle fleet from 2013 forward is assumed to be caused by companies meeting the 

requirements of the Commuter Benefit Ordinance (CBO). However, the benefits of existing shuttles are 

analyzed as the CBO program evaluation found that 46 percent of employers were already offering a 

benefit prior to the ordinance.  The CBO therefore does not estimate the CO2 reductions associated with 

these travelers.  Some of these commuters take transit, which is captured in MTC’s travel model. 

However, those who take shuttles are not captured in the model, and for this reason, the benefits of the 

existing shuttles are analyzed. To be conservative, the 17,500 daily employer operated shuttle riders 

from San Francisco to the Silicon Valley are assumed to account for all employer operated shuttle riders 

in the Bay Area. 

The shuttles are assumed to carry an average of 30 passengers15 and that the average round trip 

commute on a shuttle is 40 miles.16 The assumption is if shuttle service was unavailable, the passenger 

commute mode split would mirror that of the general population. This is a conservative estimate given 

that some sources suggest shuttle riders would be likely to otherwise drive. For example, San Francisco 

County’s survey of shuttle riders, which indicated that 63 percent of shuttle riders would have otherwise 

driven alone to work,17 while the countywide drive‐alone mode share is closer to 43 percent.18  

Also accounted for are emissions from shuttle vehicles, assuming that they emit CO2 at the same rate as 

urban buses. This likely overestimates emissions from shuttles since the shuttle fleet incorporates a 

range of vehicle sizes and the employers who have taken a proactive approach to sustainable 

transportation often strive to use the cleanest vehicles and fuels available. The exhaust emission rate 

extracted from EMFAC and used for 2020 shuttles is 2,265 grams/mile. The 2035 exhaust emission rate 

is 2,112 grams/mile, and the 2040 rate is 1,988 grams/mile. 

Analysis steps 

Vanpool 
To calculate the CO2 emission reductions due to vanpools, the methodology: 

1. Multiplied the projected increase in vanpools by the number of passengers (minus the driver) to 

obtain number of vanpool participants. 

2. Estimated the number of vehicle round trips reduced by vanpools, accounting for the previous 

mode selection of the vanpool participants by multiplying the number of vanpool participants by 

                                                            
15 SFCTA Strategic Analysis Report (SAR) 08/09‐2. The Role of Shuttle Services in San Francisco’s Transportation 
System. http://www.sfcta.org/sites/default/files/content/Planning/Shuttles/Final_SAR_08‐
09_2_Shuttles_062811.pdf Most shuttles have a capacity of 25 passengers but the large employers operated 
shuttles that seat 50 to 70 passengers. An average capacity of 30 passengers per shuttle seems reasonable. 
16 Many shuttles operate from BART or Caltrain to employers offices. For this analysis the average round trip 
commute length includes a passenger’s travel on transit since that is part of their low emission commute. 
17 SFCTA Strategic Analysis Report (SAR) 08/09‐2. The Role of Shuttle Services in San Francisco’s Transportation 
System. http://www.sfcta.org/sites/default/files/content/Planning/Shuttles/Final_SAR_08‐
09_2_Shuttles_062811.pdf  
18 See https://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk.  
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each of the vehicle mode shares and an adjustment factor that accounts for the number of 

passengers and summed the results (i.e., vanpool participants * drive alone mode share * 1 + 

vanpool participants * 2 person carpool mode share * 0.5 + vanpool participants * 3 person 

carpool mode share * 0.33).  

3. Multiplied the number of vehicle round trips reduced by 2 to estimate the daily one‐way vehicle 

trips reduced. 

4. Multiplied the number of vehicle round trips reduced by the round trip vanpool mileage to 

obtain daily VMT reduced.  

5. Summed the product of trip‐end emission rates and daily vehicle trip reductions and the product 
of exhaust emission rates and daily VMT reductions to calculate total CO2 emission reductions.  

 

Employer Shuttles 
To calculate the CO2 emission reductions due to employer shuttles, the methodology: 

1. Estimated the number of vehicle round trips reduced by employee shuttles, accounting for the 

previous mode selection of the shuttle riders by multiplying the number of shuttle riders by 

each of the vehicle mode shares and an adjustment factor that accounts for the number of 

passengers and summed the results (i.e., shuttle riders * drive alone mode share * 1 + shuttle 

riders * 2 person carpool mode share * 0.5 + shuttle riders * 3 person carpool mode share * 

0.33).  

2. Multiplied the number of vehicle round trips reduced by 2 to estimate the daily one‐way vehicle 

trips reduced. 

3. Multiplied the number of vehicle round trips reduced by the average round trip shuttle mileage 

to obtain daily VMT reduced.  

4. Summed the product of trip‐end emission rates and daily vehicle trip reductions and the product 
of exhaust emission rates and daily VMT reductions to calculate total CO2 emission reductions 
due to shuttle riders.  

5. Calculated the minimum number of shuttle trips required to transport the shuttle riders by 

dividing the number of shuttle passengers by the average shuttle capacity. 

6. Multiplied the number of shuttle trips by the round trip mileage of the shuttles to calculate the 

minimum shuttle VMT needed to serve the passengers. 

7. Multiplied the shuttle VMT by the EMFAC emission rates for urban buses to obtain the shuttle 

vehicle emissions. 

8. Subtracted the shuttle vehicle emissions (step 7) from the emissions reductions due to shuttle 

riders (step 4) to obtain the net emissions reduced. 

Results 
Table 9 and Table 10 summarize the combined CO2 reductions due to vanpools and employer shuttles.  
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Table 9: Daily CO2 emissions reductions due to vanpooling and employer shuttles (short tons) 

EIR Alternative  2020  2035  2040 

Proposed Plan  ‐220  ‐328  ‐332 
Main Streets  ‐221  ‐347  ‐354 
Big Cities  ‐222  ‐321  ‐327 
EEJ  ‐218  ‐322  ‐323 

 

Table 10: Per capita CO2 emissions reductions from 2005 baseline due to vanpooling and employer shuttles (percent) 

EIR Alternative  2020  2035  2040 

Proposed Plan  ‐0.27%  ‐0.35%  ‐0.33% 
Main Streets  ‐0.27%  ‐0.37%  ‐0.36% 
Big Cities  ‐0.27%  ‐0.34%  ‐0.33% 
EEJ  ‐0.27%  ‐0.34%  ‐0.33% 

 

Regional Electric Vehicle Charger Program 

Plug‐in electric vehicles (PEVs) have the potential to significantly reduce CO2 emissions from motor 

vehicles. Today, the Bay Area is the leading market for PEV sales, including both plug‐in hybrid electric 

vehicles (PHEVs) and battery electric vehicles (BEVs). PHEVs have a hybridized powertrain which is 

fueled by chemical energy from a battery or by gasoline/diesel. BEVs are powered exclusively by the 

chemical energy from a battery. The focus of this strategy is on expanding the charging opportunities for 

PHEVs by establishing a regional public network of electric vehicle charging stations.  

The costs of installing charging infrastructure can be high, and there are other barriers (e.g., on‐site 

electrical capacity) that may also limit the potential for deploying charging infrastructure at workplaces. 

This program will be designed to help overcome some of those barriers by providing financial assistance 

to interested employers, retailers, parking management companies and others that qualify. PG&E 

received approval to install up to 7,500 charging stations in its service territory with a minimum of 15 

percent in disadvantaged communities; this parallel process will support this program’s goal of 

expanding charging opportunities for PHEV drivers. A regional network of charging infrastructure will 

provide drivers an opportunity to plug in while at work, which is where most vehicles spend most of 

their time parked when not at home. This will mean that PHEVs are able to travel more miles using 

electricity and fewer using gasoline, reducing CO2 emissions.  

MTC’s travel model does not account for the mix of passenger vehicle and fuel types (e.g., conventional 

vehicles, PHEVs, BEVs, hybrids, etc.) in the Bay Area. Instead, the mix of vehicles, as well as the amount 

of miles that PHEVs travel using gasoline versus electricity, is accounted for in the emissions rates that 

MTC draws from EMFAC. This means that CO2 reductions due to strategies that increase the miles that 

vehicles travel using electricity, like this one, must be captured off‐model, by adjusting the assumptions 

contained within EMFAC. The assumptions from EMFAC, which fully accounts for the impact of state 

policies to reduce vehicle emissions, were used as a basis for analyzing this strategy.  
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Assumptions and methodology 
The Plan Bay Area analysis was revised to account for improved fuel economy estimates, updated 

vehicle populations, and new vehicle sales in the Bay Area based on data included in EMFAC. PG&E’s 

expected investment to deploy 7,500 chargers in the Bay Area was also incorporated along with the 

assumption that MTC would fund additional chargers after PG&E’s initial investment. The analysis 

assumes a total of 76,000 chargers deployed, roughly one charger for every five PHEVs, which would 

enable all of these PHEVs to be able to plug in at work if multiple vehicles are able to plug into a single 

charger over the course of a day).  

In the baseline, it was assumed that 40 percent of miles traveled by PHEVs would be in charge‐depleting 

mode, i.e., electric miles instead of gasoline‐powered miles. This comes from EMFAC, which indicates 

that:  

[CARB] staff modeled PHEVs as having a 25‐mile all‐electric range, which equates to a 

utility factor of 0.40. For the average commute, this would mean that 40 percent of the 

VMT could be from all‐electric, and 60 percent would be from gasoline operations.19 

This percentage is assumed to increase to 80 percent due to the Regional Charger Program. PHEVs have 

what is referred to as an all‐electric range of between ten and fifty miles. For instance, the Ford C‐MAX 

Energi has an all‐electric range of 21 miles; the first‐generation Chevrolet Volt has an all‐electric range of 

38 miles; and the second‐generation Volt has a range of 53 miles. Data from The EV Project20 and a 

paper from GM engineers21 indicate that drivers of the Chevrolet Volt, a proxy for a PHEV with a 40‐mile 

range (PHEV‐40), are able to drive about 74 percent of their total miles in EV‐mode without support 

from the internal combustion engine. Data from Ford Motor Company22 indicate that vehicles in their 

Energi line, including the C‐Max and Fusion, both of which are proxies for a PHEV with a 20‐mile range 

(PHEV‐20), travel about 33 percent of miles using electricity. ICF estimates that the current market is 

about 50/50 for PHEV‐20/PHEV‐40 today. Note that these values represent driver behavior during the 

early stages of charging infrastructure deployment, during which there has been no substantial 

dedicated effort to maximize eVMT. In other words, absent any concerted effort to deploy charging 

infrastructure to maximize electric miles, the average PHEV is likely traveling about 54 percent of its 

miles using electricity.  

A network of regional charging infrastructure will further increase the percentage of miles that PHEVs 

travel in electric mode and the methodology assumes:  

 Each charger deployed through the Regional Charger Network serves multiple vehicles each day 
over the course of a four‐hour charging shift 

 The chargers deployed are Level 2 chargers that deliver electricity with a rating of 5 kW; and  
 The average electric vehicle consumes 0.35 kWh/mi. 

                                                            
19 California Air Resources Board, EMFAC2014 Volume III – Technical Documentation v1.0.7, May 2015. Available 
online at http://www.arb.ca.gov/msei/downloads/emfac2014/emfac2014‐vol3‐technical‐documentation‐
052015.pdf. 
20 EV Project, Quarterly Reports e.g., http://www.theevproject.com/cms-assets/documents/127233-901153.q2-2013-rpt.pdf.  
21 Duhon, A., Sevel, K., Tarnowsky, S., and Savagian, P., "Chevrolet Volt Electric Utilization," SAE Int. J. Alt. Power. 
4(2):269‐276, 2015.  
22 Proceedings EVS29, Montreal. 
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A ratio of approximately one charger for every five vehicles over the program years is assumed, 

consistent with charger‐to‐vehicle ratios estimated by Electric Power Research Institute (EPRI) for 

workplace and public charging opportunities and research conducted by ICF regarding charging 

optimization.23  

These assumptions mean that these chargers would provide enough electricity to power 57 electric 

miles per day. Given that there are expected to be 420,000 PHEVs in the Bay Area in 2035 and 76,000 

chargers funded through this program, this is equivalent to ten electric miles per PHEV per day. 

According to EMFAC, the average vehicle travels an average of 31 miles per day, so this additional 

electricity amounts to 32 percent of miles traveled. Given that the charger program is designed to fill 

gaps in charging opportunities, this is added to the baseline of 54 percent eVMT, which equals 86 

percent. Even though there is the potential for improvements in the parameters that form the basis for 

the assumptions used to derive the additional eVMT potential of the regional charger network—battery 

sizing, vehicle efficiency, charger utilization, power delivered—over the next several decades, a 

conservative 80 percent eVMT assumption is used.  

It is conceivable that the increased availability of chargers could increase the sales of BEVs in addition to 

increasing the percentage of electric miles for PHEVs, but this effect is not included in the calculations to 

be conservative.  

Analysis steps 
To determine the CO2 emission reductions from charging infrastructure deployment throughout the 

region, the methodology: 

1. Modified the percentage of miles traveled in charge depleting mode from the baseline 40% to 
80%.  

2. Determined the CO2 emissions reduction.  
a. The CO2 emissions attributable to PHEVs are based on how many miles each vehicle 

spends in each mode (charge depleting or gas/diesel).  
b. The CO2 emission reductions are determined as the difference between the emissions 

attributable to the PHEV versus the emission that would have otherwise occurred using 
an average conventional gasoline vehicle.  

3. Made no changes to the VMT. 

 

Results 
Table 11 and Table 12 summarize the CO2 reductions due to the Regional Charger Program. 

                                                            
23 D. Bowermaster, EPRI. How Much Electric Vehicle Charging is Needed? California Plug‐in Electric Vehicle 
Collaborative Meeting, August 2012. 
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Table 11: Daily CO2 emissions reductions due to the Regional Charger Program (short tons) 

EIR Alternative  2020  2035  2040 

Proposed Plan  ‐252  ‐1,188  ‐1,287 

Main Streets  ‐252  ‐1,188  ‐1,287 

Big Cities  ‐252  ‐1,188  ‐1,287 

EEJ  ‐252  ‐1,188  ‐1,287 

 

Table 12: Per capita CO2 emissions reductions from 2005 baseline due to the Regional Charger Program (percent) 

EIR Alternative  2020  2035  2040 

Proposed Plan  ‐0.35%  ‐1.42%  ‐1.46% 
Main Streets  ‐0.35%  ‐1.42%  ‐1.46% 
Big Cities  ‐0.35%  ‐1.42%  ‐1.46% 
EEJ  ‐0.35%  ‐1.42%  ‐1.46% 

 

Emission reductions are consistent across all EIR alternatives since the analysis does not rely on inputs 

from MTC’s travel model.  

Vehicle Buyback & PEV Incentive  

Plug‐in electric vehicles (PEVs) are being adopted at significant levels today in the Bay Area, and the Zero 

Emission Vehicle (ZEV) Program and the Low‐Carbon Fuel Standard in California are regulatory drivers 

for advanced vehicle technologies and alternative fuels. However, despite the near‐term success of PEVs 

in the Bay Area, PEV sales are still relatively small, representing just 3.5 percent of total new light‐duty 

vehicle sales. There is also some uncertainty regarding the medium‐ to long‐term availability of PEV 

purchase incentives; for example, California’s Clean Vehicle Rebate Program changed in 2016 to adjust 

incentives based on household income, and the federal tax credit could change in future tax reform. 

Furthermore, one of the main drivers today for PEV sales, particularly for PHEVs, is HOV lane access: 

PHEVs are eligible for the green sticker and BEVs are eligible for the white sticker and qualify for HOV 

lane access through January 1, 2019. Although the California Air Resources Board (CARB) has continued 

to expand the number of HOV stickers for PEVs, it is likely that they will be limited and eventually 

discontinued, as they were for non‐plug‐in hybrid vehicles.  

This program can provide a combination of an incentive of up to $2,500 to purchase a PEV along with 

the buyback of older, less efficient vehicles. This is intended to extend the market for PEVs into a 

broader range of income classes. Most analysts agree that the first adopters of PEVs are generally higher 

income individuals who own their homes, and in many cases, own or have owned a hybrid electric 

vehicle (e.g., a Toyota Prius). The higher purchase price of PEVs makes it difficult for middle and low 

income consumers to purchase them. Older and wealthier individuals tend to buy more new vehicles 

than other cross‐sections of the population. This demographic also tends to buy newer cars more 

frequently. Furthermore, research from IHS Markit has shown that owners of both new and used 

vehicles are holding on to their vehicles longer, the scrappage rate has flattened, and the average age of 

vehicles has increased; the researchers forecast that the population of oldest vehicles (16 or more years) 
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will grow the fastest, increasing by 30% by 2021.24 Additionally, CARB estimates that half of cars live to 

be 15 years old and one quarter live to be 20 years old. Interestingly, if a vehicle does survive to 20, 

there is a 40 percent chance it will be on the road for another ten years after that.25 This will impact the 

turnover of the fleet significantly and may slow the purchase of new vehicles, including plug‐in electric 

vehicles.  

The vehicle buyback program seeks to accelerate fleet turnover while also incentivizing the purchase of 

advanced vehicle technology. The program will be designed to target older vehicles meeting a certain 

fuel economy threshold (as measured via miles per gallon, MPG) for scrapping, and will be coordinated 

with the Air District’s Vehicle BuyBack Program. The consumer is only eligible for the program if the new 

vehicle being purchased is a PHEV or BEV. The incentive amount will vary with the fuel economy of the 

vehicle being traded in (measured in MPG) as well as the vehicle type being purchased (e.g., PHEV or 

BEV). Depending on the fuel economy threshold set by the program, the combination vehicle buyback 

and incentive program is intended to induce demand in middle and lower income brackets that might 

otherwise delay car purchasing, purchase a new conventional vehicle or purchase a used vehicle.  

MTC’s travel model does not account for the mix of passenger vehicle and fuel types (e.g., conventional 

vehicles, PHEVs, BEVs, hybrids, etc.) in the Bay Area. Instead, the mix of vehicles is accounted for in the 

emissions rates that MTC draws from EMFAC. This means that CO2 reductions due to strategies that 

increase the proportion of clean vehicles in the passenger fleet, like this one, must be captured off‐

model, by adjusting the assumptions contained within EMFAC. The assumptions from EMFAC, which 

fully accounts for the impact of state policies to reduce vehicle emissions, were used as a basis for 

analyzing this strategy.  

Assumptions and Methodology 
The analysis was updated from Plan Bay Area to account for improved fuel economy estimates, updated 

vehicle populations, and new vehicle sales in the Bay Area based on data included in EMFAC. 

We made the following assumptions in this methodology: 

 Implementation of this program will begin in 2020. 

 94,000 additional PEVs will be on the road by 2035. This is a modest annual increase of about 
1.5% in new vehicle sales attributable to the buyback incentive program. 

 For the initial analysis, the deployed vehicles are evenly split between PHEVs and BEVs. 

 The average incentive levels are $1,500 per PHEV and $2,500 per BEV. However, the actual 
incentive will vary based on the MPG of the vehicle being traded in as well as the technology of 
the vehicle being purchased. 

 

Analysis steps 
 

                                                            
24 ”Vehicles Getting Older: Average Age of Light Cars and Trucks in U.S. Rises Again in 2016 to 11.6 Year, IHS Markit 
Says.” Press release from IHS Markit, November 2016. Available online at:  
http://news.ihsmarkit.com/press‐release/automotive/vehicles‐getting‐older‐average‐age‐light‐cars‐and‐trucks‐us‐
rises‐again‐201  
25 Report to the California Legislature, Accelerated Light‐Duty Vehicle Retirement Program. 
http://www.arb.ca.gov/research/apr/reports/l2070.pdf. Accessed March 20, 2013. 
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To calculate CO2 reductions due to the introduction of PEVs, the methodology: 

1. Determined the difference between the daily CO2 emissions attributable to the PEV versus the 
emissions that would have otherwise occurred using an average conventional gasoline vehicle. 
For PHEVs this depends on the assumed proportion of time spent in charge depleting mode 
versus gas/diesel mode. 

2. Multiplied the result by the number of new PEVs expected to be deployed due to the program.  

Results 
Table 11 and Table 12 summarize the CO2 reductions due to the Vehicle Buyback and PEV Incentive 

Program. 

Table 13: Daily CO2 emissions reductions due to the Vehicle Buyback and PEV Incentive Program (short tons) 

EIR Alternative  2020  2035  2040 

Proposed Plan  0  ‐363  ‐234 
Main Streets  0  ‐363  ‐234 
Big Cities  0  ‐363  ‐234 
EEJ  0  ‐363  ‐234 

 

Table 14: Per capita CO2 emissions reductions from 2005 baseline due to the Vehicle Buyback and PEV Incentive Program 
(percent) 

EIR Alternative  2020  2035  2040 

Proposed Plan  0%  ‐0.44%  ‐0.27% 
Main Streets  0%  ‐0.44%  ‐0.27% 
Big Cities  0%  ‐0.44%  ‐0.27% 
EEJ  0%  ‐0.44%  ‐0.27% 

 

Emissions reductions will be realized after 2020, which is when program implementation is planned. 

Emissions reductions are consistent across all EIR alternatives because the analysis does not rely on 

inputs from the travel model. 

Clean Vehicles Feebate Program 

Originally coined in the 1990s, feebate programs are envisioned as a revenue‐neutral approach to shift 

buying habits in the transportation and energy sectors. MTC is proposing to use a feebate program to 

incentivize consumers to scrap older vehicles and purchase higher performing, cleaner vehicles. A 

feebate program uses a combination of fees and rebates to change consumer behavior. Consumers 

purchasing a vehicle that emit more carbon dioxide on a gram per mile basis than a defined standard are 

assessed a fee at the point of purchase. These fees are used to provide rebates to consumers that 

purchase vehicles that emit less CO2 on a gram per mile basis than the defined standard.  

Feebates have been used with some success in other countries, including Denmark, France, the 

Netherlands and Norway. The structure of a feebate program for California was studied in considerable 



































































TCM E: Transit Access to Airports

BART to San Francisco International Airport:
S. San Francisco: From Colma BART station to the new SFO station; Extend 

BART system to the San Francisco International Airport.

BART Fares and Schedules
The latest BART fares and schedules (as of January 2008) can be found at:

http://www.bart.gov/guide/brochures.aspx

Service Adjustments
See attached document for service adjustments overtime since June 2003 

through December 2006.



   

SFO Service Changes Over Time 
 
Below is a list and description of service changes that have been implemented since the San Francisco 
Extension opening on June 22, 2003 through December 31, 2006. Some of these changes are major 
system changes. Other changes are more minor involving train sizing. 
 
June 22, 2003 - SFO Initial Service 
Bay Point trains provide service to Millbrae during all hours of operation, all week. Dublin trains provide 
service to the San Francisco Airport (SFO) during all hours of operation, all week. These routes operate on 
15 minute headways during the weekday, and on 20 minute headways during evenings and on weekends. 
A shuttle train provides service between Millbrae and SFO on 20 minute headways during all hours of 
operation, all week. In addition to the base 15 minute service, three AM peak period rush trains provide 
service from Bay Point to Daly City, then operate express from Daly City to SFO. These three trains return 
during the evening peak period and operate express from SFO to Daly City, then on to Bay Point. 
 

1. Direct service to/from Millbrae and direct service to/from SFO 
2. Peak rush trains provide Bay Point line passengers direct service to/from SFO during the peak 

periods 
3. 20 minute shuttle does not synch with the 15 minute base service during the day 

 
February 9, 2004 
Bay Point trains provide direct service to SFO, then continue to Millbrae. On the return trip these trains 
follow the same route back to Bay Point. This service route has been called the "Reverse L" service 
because the shape of the service on the SFO extension resembles a backward or reverse "L" shape. 
During the 3-1/2 hour AM and PM peak period on weekdays, Richmond trains provide direct service to 
Millbrae, then continue to SFO. On the return trip these trains follow the same route back to Richmond. This 
service route is referred to as the "L" service. The Richmond trains do not operate on the weekend. When 
the Richmond trains are operating on the extension during the week the Bay Point trains terminate at SFO 
and do not continue to Millbrae. At all other times (off-peak, evenings and weekends) the Bay Point trains 
complete the "Reverse L" service pattern. There are no other direct peak period rush trains. Service during 
the day (and during the peak rush) is 15 minutes, while evenings and weekends operate at 20 minute 
headways. 
 

1. Provides for direct service on all extension routes to Millbrae and SFO, no need to transfer 
2. 20 minute shuttle (during normal 15 minute service) replaced by 15 minute direct trains 
3. During off-peak, evenings and weekends, direct service to Millbrae is through the SFO station 

 
March 8, 2004 
Train sizing adjustments:  Train 361 increased from 4 to 5-car train off-peak. Train 441 changed to 10-car 
peak size for all PM trips instead of breaking to 5-car train on last trip. Other minor adjustments were made 
to the 200s and 500s. 
 
September 13, 2004 
Bay Point trains provide direct service to SFO, then continue to Millbrae. This service provides "Reverse L" 
service and operates during all hours of operation, all week. During the 3 hour AM and PM peak period on 
weekdays, Richmond trains provide direct service to SFO, then continue to Millbrae in a "Reverse L" 
service configuration. During the 3 hour AM and PM peak period (weekdays only) the Richmond and Bay 
Point trains both provide service directly to and from Millbrae/SFO. The Richmond trains do not operate on 
the weekend. Service during the day on each route (and during the peak rush) is 15 minutes, while 
evenings and weekends operate at 20-minute headways. 
 

1. Provides for direct service on all extension routes to Millbrae and SFO, no need to transfer 



   

2. During all hours, direct service to Millbrae is through the SFO station (but is effectively every 7.5 
minutes during the 3 hour AM and PM peak periods) 

 
December 13, 2004 
Train sizing adjustments were made to better match capacity with demand,  generally to shorter trains. 
 
April 23, 2005 
Train sizing adjustments:  The 300 series trains on Saturday were increased from 8 to 9-car trains.   
 
June 13, 2005 
Train lengths were generally shortened to an 8-car plan in two phases, in June and August, 2005, with peak 
size trains running all day on the Bay Point line.  
 
August 15, 2005 
Second phase of implementing the “8-car” plan.   
 
September 12, 2005 
Dublin trains provide direct service to SFO, then continue to Millbrae in a “Reverse L” service configuration. 
Only the Dublin trains will provide service to the extension on weekdays and weekends. Richmond and Bay 
Point trains will truncate at Daly City. Service during the day (and during the peak rush) is 15 minutes, while 
evenings and weekends operate at 20-minute headways. Although direct service from Bay Point has been 
replaced with this new service, the transfer time from a Bay Point base train to SFO train (from Dublin) is 
only 3-4 minutes in each direction.  
 
September 22, 2005 
Extend service from Richmond and lengthen trains. Up to six consists will be lengthened from 4 to 8-car 
trains. Richmond trains to Daly City will be extended to Colma for two hours in the morning and two hours in 
the evening. 
 
October 10, 2005 
The following adjustments were made: 
 
Weekday 
100s - three trains lengthened 
200s - one train lengthened, Make/Break timing changed 
300s - several trains lengthened with a few trains reduced in size 
400s - one train lengthened 
500s - No change since September 22, 2005 (Make/Break timing) 
 
Saturday 
300s - some trains lengthened  
 
Sunday 
300s - some trains lengthened 
 
December 5, 2005 
The following adjustments were made: 
 
Weekday 
100s – 115 becomes the last AM Break train 
300s – Train 323 and 363 increased from 8-car to 9-car trains 
 
Saturday 
200s – All trains are now 6-car trains during the day 



   

 
January 30/31, 2006e 
The following adjustments were made: 
 
Weekday 
100 Series Trains (net +1) 
Train 101 +1 (9 to 10 cars) peak increase 
Train 115 off peak increase 4 to 5 cars 
 
200 Series Trains (net 0) 
No change 
 
300 Series Trains (net –2) 
Train 365 off peak decrease only on dispatches of 20:58, 22:19, and 23:38  
Train 367 +1 (9 to 10 cars) off peak decrease only on dispatches of 21:18, 22:39, and 24:00  
Train 371 –1 (10 to 9 cars) 
Train 377 –1 (10 to 9 cars) 
Train 381 –1 (10 to 9 cars) 
Train 331 -2  (10 to 8 cars) 
Train 335 +2  (8 to 10 cars) 
 
400 Series Trains (net +2) 
Train 443 –1 (9 to 8 cars) for AM peak period only  
Train 445 +1 (8 to 9 cars) 
Train 453 –1 (9 to 8 cars) for PM peak period only 
Train 455 +2 (8 to 10 cars) and off peak increase 4 to 5 cars 
 
500 Series Trains (net +10) 
Train 501 +1  (8 to 9 cars) peak increase and off peak increase 4 to 5 cars 
Train 503 +1  (8 to 9 cars) peak increase and off peak increase 4 to 5 cars 
Train 505 +1  (8 to 9 cars) peak increase 
Train 507 +1  (8 to 9 cars) peak increase  
Train 509 +1  (8 to 9 cars) peak increase 
Train 511 +1  (8 to 9 cars) peak increase 
Train 513 +1  (8 to 9 cars) peak increase and off peak decrease 8 to 5 cars 
Train 519 +1  (8 to 9 cars) peak increase 
Train 521 +1  (8 to 9 cars) peak increase and off peak increase 4 to 5 cars 
Train 523 +1  (8 to 9 cars) peak increase 
 
Saturday 
100s – no change 
200s – no change 
300s – All 8-car trains are now 9-car trains 
400s – no change 
500s – Four trains increased from 4 to 5-cars (501, 505, 511, and 515) 
 
Sunday 
200s – no change 
300s – no change 
500s – All trains 9-car midday and some offpeak increased from 4 to 5-cars (503, 505, and 515) 
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November 30, 2001

Mr. Wayne Nastri
Regional Administrator
U.S. Environmental Protection Agency
Region IX
75 Hawthorne Street
San Francisco, California 94105

Dear Mr. Nastri:

The Air Resources Board (ARB/Board) hereby transmits the Bay Area emission factor
model (SF Bay Area-EMFAC 2000) to the U.S. Environmental Protection Agency
(U.S. EPA) for approval and use in the 2001 San Francisco Bay Area State
Implementation Plan (Bay Area SIP) and subsequent Bay Area conformity
determinations.

SF Bay Area-EMFAC 2000 is tailored specifically to the San Francisco Bay Area.  The
emission factors contained in SF Bay Area-EMFAC 2000, along with updated activity
data from the Metropolitan Transportation Commission (MTC), provide the basis for the
mobile source emissions budgets in the 2001 Bay Area SIP.  SF Bay Area-
EMFAC 2000 will be used for subsequent Bay Area conformity determinations. At a
public meeting on November 1, 2001 the ARB Board approved SF Bay Area-EMFAC
2000 for these purposes following a 30-day public notice. At the time the Bay Area SIP
was being developed, this model was the most current emission factor model available.
SF Bay Area-EMFAC 2000 was based on EMFAC2000. The documentation for
EMFAC2000 was publicly available beginning in May 2000 and made available for use
by the Bay Area Air Quality Management District when it began developing the
2001 Bay Area SIP in November 2000.

The three Bay Area co-lead agencies responsible for developing the Bay Area SIP have
committed to do a mid-course review of the Bay Area SIP by December 31, 2003 and
revise the 2001 SIP by March 2004.  ARB has committed to submit the revised
Bay Area SIP to U.S. EPA by April 15, 2004.  The mid-course review will use the most
current emission factor model available at that time to develop the mobile source
emissions budgets.  This model will be EMFAC2001 or its successor.



This transmittal provides documentation of the emission factors and activity data used in
SF Bay Area-EMFAC 2000 to develop the 2001 Bay Area SIP.  In addition, it includes
the methodology ARB will be using to conduct Bay Area conformity determinations.

SF Bay Area-EMFAC 2000 Emission Factor Model Documentation

Comparison between MVEI7F/7G and SF Bay Area-EMFAC 2000

The emission factors used in the SF Bay Area-EMFAC 2000 emission factor model
represent a major improvement over emission factors used in older models such as
MVEI7F and MVEI7G.  SF Bay Area-EMFAC 2000 exhaust hydrocarbon emission rates
are significantly higher than the emission rates included in the older models.  The
increase in exhaust hydrocarbon rates is mainly a result of the following changes:
•  More accurately reflecting real-world driving by using the Unified Cycle (UC) driving

cycle rather than the Federal Test Procedure (FTP);
•  Using new speed adjustment factors to better reflect how emissions change as

average driving speeds change;
•  Representing 45 model years, rather than only 35; and
•  Incorporating new vehicle test data.

Evaporative hydrocarbon emission rates in SF Bay Area-EMFAC 2000 are also
significantly higher than the older models’ emission rates.  The most important changes
causing the increase in evaporative hydrocarbon emission rates include:
•  Higher hot soak emission rates, especially for older catalyst-equipped vehicles;
•  Higher running loss emission rates, based on new data; and
•  Including emissions for vehicles with liquid fuel leaks.

Emission rates for oxides of nitrogen (NOx) are also significantly higher in SF Bay Area-
EMFAC 2000 than in the older models.  The increased estimates of NOx emission rates
are primarily due to the following changes:
•  Inclusion of “off-cycle NOx” (i.e., NOx emissions that were not represented in the

certification driving cycle); and
•  Incorporation of new vehicle test data for catalyst equipped passenger cars and light

trucks.

Incorporation of Latest Standards

SF Bay Area-EMFAC 2000 also includes the effects of recently adopted standards on
the emissions of the on-road fleet.  The future year emission rates in SF Bay Area-
EMFAC 2000 reflect the adopted standards described below.

Supplemental Federal Test Procedure
Two supplemental test procedures to the FTP were adopted by the Board in
July of 1997.  These new standards are applicable to passenger cars, light-duty trucks,
and medium-duty vehicles weighing 8,500 pounds or less.  These standards require the



control of excess emission of hydrocarbon and oxides of nitrogen during “off-cycle”
operations (high speed and hard acceleration), and excess emissions associated with
the use of air conditioning.  The new standards are to be phased-in between
2001 and 2005.

Low Emission Vehicles (LEVII)
The second phase of Low Emission Vehicle Standards (LEVII) was adopted by the
Board in November of 1998.  This action imposed more stringent hydrocarbon, carbon
monoxide, NOx and exhaust particulate matter emissions standards for passenger cars,
light-duty trucks and medium-duty vehicles up to 14,000 pounds sold in California
beginning in 2003.

Near Zero Evaporative Standards
Also in November 1998, the Board adopted new standards for the emissions of
evaporative hydrocarbons (diurnal, hot soak and resting loss).  The standards were
reduced from 2 grams per test (hot soak plus diurnal) for passenger cars, to 0.5 grams
per test.

New On-Road Motorcycle Standards
In December of 1998, the Board adopted lower exhaust emission standards for on-road
motorcycles.  These standards, which may require future motorcycles to utilize catalytic
converters, are applicable to new motorcycles sold in California beginning in 2004.

Off-Cycle NOx Mitigation
In a settlement reached between the federal government, the Air Resources Board and
heavy-duty engine manufacturers, several mitigation measures were agreed to
regarding off-cycle NOx emissions.  In addition to ending the practice of defaulting to an
advanced timing condition during extended cruise operation, several manufacturers
have agreed to perform “low emission” rebuilds for in-use engines.  These rebuilds will
lower the emissions of the in-use fleet.

New Exhaust Emissions Standards for Urban Transit Buses
In February of 2000, the Board adopted a regulation that allows transit agencies the
choice between either a diesel or alternative fuel “path” to lower emissions.  Beginning
in 2002, over the course of 10 years, this regulation requires increased introduction of



cleaner engine buses in transit agencies’ fleets, use of cleaner diesel fuel, retrofits to
reduce exhaust particulate matter (PM) emissions from older diesel buses, and use of
zero-emission buses (ZEBs).

Public Review

The emission factors used in SF Bay Area-EMFAC 2000 were developed in a
3-year process and were subject to public review and comment during three workshops
held in 1998, 1999, and 2000. Throughout the comment period, ARB received a number
of written and verbal comments, which were addressed in the development of the
emission factor model.

Further detail regarding the development of the SF Bay Area-EMFAC 2000 emission
factor model may be found in the attached Technical Support Documentation.  The
Technical Support Documentation refers to broader work on the statewide EMFAC2000
emission factor model, but also applies to the region specific SF Bay Area-EMFAC2000.

Activity Data Documentation

The Bay Area vehicle miles traveled (VMT), VMT growth rates, and VMT-speed
distributions incorporated into SF Bay Area-EMFAC 2000 represent the best current
activity data estimates available.  The derivation of these estimates are explained
below.

Vehicle Miles of Travel

Bay Area VMT estimates for calendar year 2000 are based on the ARB VMT estimation
methodology using mileage accrual rates derived from Smog Check odometer data and
Department of Motor Vehicle vehicle populations (see Section 7 of the attached
Technical Support Documentation for further detail on the ARB VMT estimation
methodology).

The decision to use ARB's VMT estimate instead of the VMT estimate from MTC's
BAYCAST-90 travel demand model for calendar year 2000 was made in an agreement
between MTC and ARB.  As Table 1 illustrates, MTC's 2000 VMT estimate for the
region is about 22 percent lower than both ARB and Caltrans' estimates. The ARB and
Caltrans1 methods for estimating VMT were developed independently of each other, yet
fall within 1 percent of each other.
Additional justification for using the ARB VMT estimation methodology is found in the
estimate of the number of miles driven by each vehicle per day (i.e., the mileage accrual

                                           
1 Caltrans' VMT estimate was taken from the annual “Motor Vehicle Stock, Travel, and Fuel Forecast”
(MVSTAFF) report.  The MVSTAFF report forecasts statewide VMT based on statewide vehicle
population data from the DMV, fuel consumption estimates from the Board of Equalization, and fuel
economy estimates derived from the national fuel economy standards.  Statewide VMT estimates are
then disaggregated to the county level using county auto registration and road system mileage ratios.



rate). Table 2 compares mileage accrual rates from various data sources.  MTC’s
estimates appear too low to be consistent with odometer readings collected in the
Smog Check program.  MTC's mileage accrual estimates are 11 percent lower than
both Caltrans' ARB's estimates for the Bay Area.

For the purposes of the 2001 Bay Area SIP, MTC agreed to use ARB's 2000 VMT
estimate. It was also agreed that the difference in VMT between ARB's and MTC's
calendar year 2000 VMT estimates would be used as a "correction" for all future
analysis years.

Caltrans MVSTAFF (2000)

2001 Bay Area SIP

MTC (4/01 data)
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Table 1
Bay Area Vehicle Miles of Travel (VMT)

Year 2000



Table 2
Mileage Accrual Rate

Year 2000
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VMT Growth Rates

In the agreement between ARB and MTC, ARB agreed to use MTC's VMT growth rate
as implied by the VMT estimates produced by BAYCAST-90.  The rationale for this is
that while ARB questions the level of travel in calendar year (CY) 2000 as estimated by
MTC's travel demand model, ARB is not questioning future year growth projections
included in the travel demand model.

VMT-Speed Distributions

The final pieces of activity data provided by MTC and incorporated into SF Bay Area-
EMFAC 2000 are the VMT-speed distributions for two calendar years (2000 and 2005).
Based on consultation between MTC and ARB staff, ARB incorporated the VMT-speed
distributions into SF Bay Area-EMFAC 2000 by applying CY2000 speed distributions to
CYs 2000-2003, and CY2005 speed distributions to CYs 2004+.



Methodology for Bay Area Conformity Determinations

For all Bay Area conformity determinations based on the mobile source emissions
budgets set in the Bay Area SIP (using SF Bay Area-EMFAC 2000), the following step-
wise methodology will be followed:

1. MTC will submit to ARB updated VMT-speed distributions and updated VMT
estimates by county for all relevant analysis years.  ARB will follow the procedures
below for analysis years for which MTC does not submit new activity data (i.e. for
which activity data does not change from MTC’s original SIP submittal):

•  ARB will use the speed distributions submitted by MTC for the most recent
calendar year prior to the analysis year of interest.  For example, if MTC
submits new VMT-speed distributions for 2005 and 2010, but not for the 2006
analysis year, the 2006 analysis year will use the speed distributions
submitted for 2005. VMT-speed distributions will not be interpolated.

•  The VMT estimate for each county will be interpolated using county-specific
compounded growth rates.2 The interpolated VMT will then be used for the
following steps.

2. ARB will calculate VMT for the portions of Sonoma and Solano Counties that fall in
the San Francisco (S.F.) Air Basin.  This is necessary since the SIP budgets are
based on the S.F. Air Basin (which covers only the southern portions of Solano and
Sonoma Counties), while the MTC VMT estimates include the full nine Bay Area
counties. The county portions will be calculated by multiplying the full county VMT
submitted by MTC by the VMT ratio (partial county/county) derived from SF Bay
Area-EMFAC 2000.3  In year 2000, about 71 percent of Solano County, and
77 percent of Sonoma County VMT occurred in the S.F. Basin.

3. ARB will calculate the year 2000 difference in VMT between the VMT estimate
included in the SF Bay Area-EMFAC 2000 runs4 and the VMT estimate submitted by
MTC for conformity.5  The resulting differences by county represent the VMT
“correction” between ARB and MTC’s VMT estimates.

4. The VMT correction will be added by county to the submitted VMT for all analysis
years, resulting in the “target” VMT estimate that will be used for the conformity
modeling runs.6

                                           
2 For example, 2006 VMT is interpolated from 2005 and 2010 VMT estimates submitted by MTC by the
following equation: VMT2006 = (VMT2010 / VMT2005)

0.2 * VMT2005
3 For the S.F. Basin portions of Solano and Sonoma County VMT:
S.F. Basin County Portion VMTMTC = [S.F. Basin County Portion VMTSFBayArea-EMFAC2000 / Total County VMT
SFBayArea-EMFAC2000] * Total County VMTMTC
4 SF Bay Area-EMFAC 2000 calculates VMT based on Smog Check odometer readings and DMV vehicle
registration data for light duty vehicle classes, and instrumented truck data for the truck classes.
5 VMT correctioncounty a = SIP VMTCY2000 – MTC VMTCY2000
6 Target VMTcounty a = MTC VMTcounty a + VMT correctioncounty a



5. The county-specific target VMT in the conformity modeling runs will be achieved in
SF Bay Area-EMFAC 2000 by modifying the county-specific vehicle populations in
SF Bay Area-EMFAC 2000 using the What-if-Scenario (WIS) option.  Since vehicle
population and VMT are linearly related in SF Bay Area-EMFAC 2000, to obtain the
“target” vehicle population, ARB staff will take the ratio between the SIP VMT
estimates and the target VMT for each analysis year and apply them to the SIP
vehicle population estimates for each respective analysis year.7

6. Once the target vehicle populations have been calculated, ARB staff will run
SF Bay Area-EMFAC 2000 using the WIS option to adjust vehicle populations by
county, and incorporate any updated speed distributions.

7. ARB staff will then apply control factors to the model output to adjust for emission
reduction measures not included in the SF Bay Area-EMFAC 2000 emission factor
model or changed since the model was developed.

8. Finally, ARB staff will compare the results to the SIP budgets for the conformity
demonstration.

If you have questions regarding this submittal, you may contact me at (916) 445-4383,
or have your staff contact Ms. Cynthia Marvin, Chief of the Air Quality and
Transportation Planning Branch, at (916) 322-7236.

Sincerely,

/s/

Michael P. Kenny
Executive Officer

Enclosures

cc: See next page.

                                           
7 Target Veh Pop = [((Target VMT – SIP VMT) / SIP VMT) * SIP Veh Pop] + SIP Veh Pop
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The result of this modification is that emissions estimates more precisely incorporate the
daily VMT provided by each MPO/RTPA to calculate exhaust emissions, and vehicle
population is adjusted for consistency with this assumption of higher or lower VMT,
providing similarly modified start and evaporative emissions.3  Though the emissions
impact of using this approach will often be small, we believe the approach is appropriate
given the desire to fully reflect the impacts of changes in travel activity on all emissions
processes.  Use of consistent methods in air quality plans and conformity assessments
will both reduce potential conformity problems and preserve the integrity of the SIP and
conformity processes.

Alternatively, local data may indicate that changes in VMT are tied more closely to
changes in household or business rates of travel than to changes in vehicle ownership.
Or, improved travel demand modeling may project auto ownership rates with a high
degree of confidence.  In such cases it may be appropriate to adjust total mileage
accrual rather than vehicle population.  It is also possible to derive a modified VMT
forecast from adjustments to both variables in EMFAC2002.  Planning agencies are
encouraged to present alternative approaches for consideration in the interagency
consultation process.   

Recommendations 

1. ARB recommends that the EMFAC2002 default estimates of vehicle trips, based
on starts per day, be used for SIP development and conformity purposes.  Model
defaults for trips may be factored to account for trip reduction scenarios, but
should not be replaced with estimates that do not account for all vehicle starts.
Alternative approaches, such as the factoring of travel demand model trip outputs
for appropriate classes to account for additional starts, may be considered
through interagency consultation.   

2. We recommend continuation of current practices for input of latest speed
distributions for SIPs and conformity assessments.  Travel from intrazonal trips
should be assigned to the appropriate speed bin based on the speed assigned to
that travel in the travel demand model.

3.      To fully reflect the impacts of modified VMT forecasts on all emissions processes,
in the calculation of SIP emissions budgets, and in the assessment of conformity
with those budgets, vehicle population should be adjusted in EMFAC2002
proportional to the estimated VMT change.  Local circumstances may
alternatively support adjustment of mileage accrual rates, subject to interagency
consultation.    

                                           
3   After adjusting VMT through use of the population variable in the WIS function of EMFAC, a user who
desires to match VMT even more exactly (to the mile instead of the tens of miles) can then adjust VMT in
the WIS without disturbing the population adjustment.  This is unlikely to have a discernible impact on
emissions, however. 
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