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I. Executive Summary 

The Sustainable Communities and Climate Protection Act of 2008 (SB 375) calls for the 
California Air Resources Board (ARB or Board) to accept or reject the determination of 
each metropolitan planning organization (MPO), that their Sustainable Communities 
Strategy (SCS) would, if implemented, achieve the passenger vehicle greenhouse gas 
(GHG) emission reduction targets for 2020 and 2035, set by the Board in 2010. 

The Association of Monterey Bay Area Governments (AMBAG) adopted the final 
Metropolitan Transportation Plan/Sustainable Communities Strategy (MTP/SCS) on 
June 11, 2014.  The MTP/SCS, Monterey Bay 2035: Moving Forward, combines the 
Regional Transportation Plan (RTP) contributions from the three county transportation 
planning agencies that represent San Benito, Santa Cruz, and Monterey Counties. 

AMBAG’s MTP/SCS encourages new growth in existing communities and near existing 
commercial corridors, while focusing on maintenance and rehabilitation of the existing 
transportation system, with an emphasis on active transportation, public transit, and 
safety.  With SCS implementation, AMBAG projects a substantial increase in the 
number of households and jobs within one-half-mile of high quality transit in 2035.  The 
2014 MTP/SCS increases investment in public transit and active transportation by 90 
percent compared to the previous MTP.  These strategies, together with transportation 
system management, transportation demand management, and trip reduction programs 
are responsible for reducing transportation-related GHG emissions in the region.  For 
the AMBAG region, the Board set passenger vehicle GHG reduction targets at a no-net 
increase for 2020 and a five percent decrease by 2035.  The MTP/SCS adopted by the 
AMBAG Board on June 11, 2014 affirms that the region will achieve GHG emissions 
reductions beyond the established targets by reducing GHG emissions by 3.5 percent in 
2020 and 5.9 percent in 2035.  AMBAG transmitted the adopted SCS to ARB for review 
on September 22, 2014. 

ARB staff prepared this technical report to support the Board’s action on AMBAG’s 
SCS.  This report describes the method ARB staff used to review AMBAG’s SCS GHG 
quantification, which is contained in ARB’s July 2011 technical methodology document 
for SCS evaluation.  Specifically, staff reviewed how well the region’s travel demand 
modeling and related analyses provide for the quantification of GHG emission 
reductions associated with the SCS.  This included reviewing data inputs, planning 
assumptions on future year land use, housing, and transportation policies, and modeling 
results.  This report also describes the results of the evaluation.  

This staff review concludes that AMBAG’s adopted SCS, if implemented, would achieve 
the established targets for AMBAG of no net increase and 5 percent reduction in GHG 
emissions per capita from 2005 for the years 2020 and 2035, respectively. 
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II. Association of Monterey Bay Area Governments Region 

A. Background 
 
In California, MPOs are responsible for preparing RTPs and for implementing SB 375.  
This law requires preparation of an SCS as part of the RTP to demonstrate a reduction 
in regional GHG emissions from automobiles and light trucks for metropolitan regions 
within the State. 
 
AMBAG is the federally designated MPO for San Benito, Santa Cruz, and Monterey 
Counties.  The AMBAG Board of Directors includes 24 elected officials; one appointed 
from each city and two from each county in the region.  Development of AMBAG’s 2014 
MTP/SCS was conducted through collaboration with member jurisdictions, the advisory 
committees, interested State and federal agencies, and the public.  The MTP/SCS 
provides a set of policies, strategies, and investments to maintain and improve the 
transportation system to meet the needs of the region for the next 20 years.  The 
MTP/SCS will be updated every four years. 

The AMBAG region encompasses approximately 1,517 square miles along the central 
California coast.  The region’s population is largely concentrated in the 18 incorporated 
cities which accommodate about 66 percent of the total regional population.  
Unincorporated areas account for the remaining 34 percent.  With the exception of 
Hollister and Salinas, major urban development in the Monterey Bay Area primarily 
occurs along the Monterey Peninsula from the City of Santa Cruz in the north to the City 
of Carmel-by-the-Sea to the south.  The Santa Cruz, Watsonville, Seaside-Monterey, 
and Salinas urbanized areas are the most densely developed in the region.  The largest 
industries in the region by revenue and employment are tourism, agriculture, education, 
military, and other government sectors.  The main transportation facilities in the AMBAG 
region include US 101, State Routes 1, 9, 17, 25, 68, 156, and 183, as well as various 
county roads that connect the coast and inland communities. 

B. Transportation Planning in the Region 

AMBAG developed the 2035 MTP/SCS using a bottom-up approach in close 
coordination with its three regional transportation planning agencies (RTPAs), transit 
operators, Caltrans, the Monterey Bay Unified Air Pollution Control District, and a wide 
array of community stakeholders.  Each of the three counties in the Monterey Bay Area 
has a RTPA responsible for countywide transportation planning and implementation.  
The RTP considers future growth and the transportation investments needed to support 
the planned growth.  The RTP sets forth policy and transportation funding priorities over 
the next 20 years.  The AMBAG MTP/SCS aggregates the contributions from the three 
RTPA plans discussed below. 
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1. Council of San Benito County Governments 

The Council of San Benito County Governments prepares a county-wide RTP every 
four years.  The San Benito County RTP was adopted on June 19, 2014.  Forty-nine 
percent of the County’s workforce commutes to other counties for work (Council of San 
Benito County of Governments 2014).  Commuters travel on the regional roadway 
network to the nearby higher employment counties of Santa Clara, Monterey and Santa 
Cruz. 
 
The 2035 San Benito County RTP identifies $500 million escalated dollars1 in total 
available funding.  The RTP allocates nearly 16 percent ($80 million) of the plan’s 
investment toward public transit and active transportation (Council of San Benito County 
of Governments 2014).  
 
The RTP invests $61 million in transit operations and facilities.  Of that amount, $11 
million is expected to fund service expansion, including regional transit connections to 
Monterey, Santa Clara, and Santa Cruz Counties.  The majority of the transit funding is 
to continue ongoing operation of fixed route and other transit service.  In addition, 
approximately $18 million will be invested in implementing active transportation projects, 
including projects identified in San Benito County’s Bikeway and Pedestrian Master 
Plan and other multiuse paths and recreational trails (Council of San Benito County of 
Governments 2014).  

2. Santa Cruz County Regional Transportation Commission 

The Regional Transportation Commission (RTC) is responsible for preparing the RTP 
for Santa Cruz County.  The Santa Cruz County RTP was adopted June 26, 2014. 
Much of the population in Santa Cruz County lives and travels within a relatively small 
geographic area.  Employment opportunities are concentrated in the higher population 
density areas along the coast (City of Santa Cruz, Capitola, Live Oak, Soquel and 
Aptos), in the cities of Watsonville and Scotts Valley, and along portions of the San 
Lorenzo Valley. 
 
Santa Cruz County RTC used an independent third-party rating system called the 
Sustainable Transportation Analysis and Rating System (STARS) to develop a 
sustainability framework for the 2014 RTP.  STARS was used to help determine which 
transportation projects would be part of the financially constrained project list in the 
RTP. 
 

1 Dollar values presented throughout this report are expressed in escalated dollars. Escalated dollars 
represent the actual cost that will be realized or incurred at the year of expenditure. 
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The 2035 Santa Cruz County RTP identifies $3.6 billion in total available funding.  Santa 
Cruz County’s 2035 RTP allocates approximately 50 percent ($1.8 billion) of the plan’s 
investment toward public transit and active transportation (SCCRTC 2014). 
 
The RTP invests $1.6 billion in transit operations and facilities. Of that amount, $200 
million is expected to fund service expansion, including new rail and bus rapid transit 
(BRT) facilities.  The majority of the transit funding is to continue ongoing operation of 
fixed route and other transit service.  In addition, approximately $447 million will be 
invested in implementing active transportation projects, including multiuse paths and 
recreational trails (SCCRTC 2014). 

3. Transportation Agency for Monterey County 

The Transportation Agency for Monterey County coordinates the regional planning 
process with AMBAG.  The Monterey County RTP was adopted June 25, 2014.  Land 
uses and associated transportation needs in Monterey County are diverse.  Agricultural 
production in North Monterey County and the Salinas Valley areas contribute 
significantly to the region’s economy.  The Monterey Peninsula primarily serves 
residential, tourism, educational and commercial uses.  Several military facilities are 
also located on the Monterey Peninsula. 

The 2035 Monterey County RTP identifies $5.4 billion in total available funding. 
Monterey County’s 2035 RTP allocates approximately 43 percent ($2.3 billion) of the 
plan’s investment toward public transit and active transportation (TAMC 2014).  
 
The RTP invests $1.6 billion in transit operations and facilities.  Of that amount, $700 
million is expected to fund service expansion, including new rail and BRT facilities. The 
majority of the transit funding is to continue ongoing operation of fixed route and other 
transit service. In addition, approximately $800 million will be invested in implementing 
active transportation projects, including multiuse paths and recreational trails 
(TAMC 2014). 

4. Association of Monterey Bay Area Governments MTP/SCS 

The AMBAG MTP/SCS contains the collective contributions from the three RTPA plans 
discussed in the previous sections.  The collective result is a constrained transportation 
scenario with total available funding of $9.3 billion for the planning period 2014-2035.  
The plan invests $3.3 billion in transit.  Of that amount, approximately $1 billion would 
be directed toward new rail, BRT, and other new transit facilities.  The MTP/SCS also 
programs $1 billion for active transportation infrastructure (e.g., bicycle and pedestrian 
facilities).  The MTP/SCS invests a total of 47 percent of the constrained project budget 
into public transit and active transportation.  MTP expenditures by project type are 
summarized in Figure 1. 
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Figure 1: AMBAG 2035 MTP/SCS Expenditures by Project Type. 

 

 
Source: AMBAG 2014a. 

The total constrained project budget in AMBAG’s previous 2010 MTP was $8.0 billion 
for the planning period 2010-2035.  The previous MTP invested 28 percent of the 
budget in public transit and active transportation (AMBAG 2010).  The 2014 MTP/SCS 
increases investment in public transit and active transportation by 90 percent compared 
to the previous plan.  

Funding for transportation projects in the AMBAG region comes from federal, State, and 
local sources.  Sources of funding include the federal transportation funding legislation, 
fuel taxes, license fees, developer-paid impact fees, public transit fare revenue, and 
highway toll revenue.  Projecting available transportation funding can be challenging.  
For example, improvements in fleet fuel economy have resulted in declining fuel sales 
and a reduction in fuel tax collection.  Given this uncertainty, the transportation budget 
was projected based on revenue sources known to the best of an RTPA’s or MPO’s 
ability, and was used to develop the financially constrained transportation project list.  

III. AMBAG SCS Planning Process and Development 

A. Blueprint Planning and MTP/SCS  

Regional Blueprints are collaborative planning processes that engage residents of a 
region to articulate a vision for the long-term future of their region.  The regional vision is 
developed from residents’ values and priorities, and informed by advanced geographic 
information systems (GIS) modeling and visualization tools that demonstrate the 
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impacts of growth and planning decisions.  The blueprint planning process leads to the 
development of alternative growth scenarios for the region.  A preferred growth scenario 
is selected through a public process that can guide land use and transportation 
decisions and priorities. 

In recent years, AMBAG and its local jurisdictions have conducted blueprint planning, 
which laid the groundwork for the 2035 MTP/SCS.  The blueprint planning process–
“Envisioning the Monterey Bay,”–prepared by AMBAG in 2010, was the first regional 
effort to develop a coordinated vision of the future for the Monterey Bay Area.  It 
explored how increasing the housing and transportation choices in the region could 
provide for a more compact land use pattern with supportive infrastructure.  This 
demonstrated how the communities of the Monterey Bay Area could grow in a more 
sustainable fashion over the next 25 years compared to a business-as-usual “base 
case” growth scenario.  

The Blueprint scenario showed a noteworthy improvement from a base case scenario 
for a number of performance indicators, and set the stage for the dialogue in which 
planners and community stakeholders engaged for the development of the MTP/SCS 
(AMBAG 2011). 

B. Development and Adoption of the Regional Growth Forecast 

AMBAG developed its regional growth forecast using the same method employed by 
the Association of Bay Area Governments (ABAG), the Sacramento Area Council of 
Governments (SACOG), the Southern California Association of Governments (SCAG), 
and the Santa Barbara County Association of Governments (SBCAG).  

This population growth forecast methodology places greater emphasis on employment 
as the primary driver of long-term population change at the regional scale.  This method 
differs from the more traditional “cohort component” method, which relies on assumed 
birth, death, and migration rates to project growth.  Birth and death rates are fairly easy 
to obtain, but migration rates are much more difficult to predict at the regional scale 
because they are heavily influenced by political and economic factors.  Both methods 
use Census data as a basis for forecast development.  The regional forecast figures 
were accepted for planning purposes by the AMBAG Board of Directors on 
August 8, 2012. 

AMBAG contracted with Stephen Levy, Director of the Center for Continuing Study of 
the California Economy, to develop its regional growth projections.  AMBAG, with the 
assistance of a demographer, input from local jurisdictions, local academic institutions 
(universities), and other local agencies disaggregated the regional growth projection 
figures to the sub-regional and local jurisdiction level.  The growth forecast method 
involved two steps.  

6 

 



 

In step one, AMBAG staff conducted a “shift-share” analysis to develop a regional 
employment forecast based on predicted regional shares of U.S. and state employment 
growth by major industry categories at the county level.  Employment was converted 
into population using a regional ratio of number of people to number of jobs.  In step 
two, the estimated population and employment forecasts were allocated to the sub-
regional level.  Housing estimates were derived by applying household formation rates 
(i.e. headship rates) to the sub-regional population estimates.  The final growth forecast 
was adopted with the MTP/SCS on June 11, 2014.  

The AMBAG region is projected to grow more slowly than the state and nation.  By the 
year 2035, the region’s population is forecasted to exceed 885,000 people.  AMBAG 
projects an increase of more than 150,000 people; along with more than 40,000 new 
housing units.  Demographic assumptions and data are discussed in greater detail later 
in this report. 

SB 375 requires the coordination of housing planning with regional transportation 
planning through the MTP/SCS.  The State of California, through the Department of 
Housing and Community Development (HCD), issued a Regional Housing Needs 
Determination to AMBAG (for Santa Cruz and Monterey Counties) and to the Council of 
San Benito County Governments (for the San Benito County portion of AMBAG)2.  HCD 
calculates the amount of housing needed within four income distribution categories 
based on demographic projection information from the California Department of 
Finance.  According to the housing projections in the MTP/SCS, AMBAG projects more 
than the minimum amount of housing needed within the respective regions as 
determined by HCD. 

C. Scenario Development and Public Input 

The development of the 2035 MTP/SCS began in 2012, and involved various public 
involvement activities, including 18 community workshops and meetings, telephone and 
online surveys, seven public meetings, an interactive project website, project video, a 
publicly-available GIS-based mapping system of the AMBAG region available to the 
public, and informational materials, handouts, and flyers. 

Using feedback from a series of community workshops, interactive web-based surveys, 
a telephone survey, and meetings with stakeholders, AMBAG developed five initial 2035 
MTP/SCS scenarios representing distinct conceptual approaches to land use 

2 AMBAG is the federally designated MPO for transportation planning in Santa Cruz, Monterey, and San 
Benito County and prepares the MTP/SCS for the three-county region.  However, AMBAG prepares the 
Regional Housing Needs Plan (RHNP) for Santa Cruz and Monterey Counties only. The Council of San 
Benito County Governments develops its own RHNP and receives a separate determination from HCD.  
AMBAG and the Council of San Benito County Governments coordinate on housing assumptions in the 
MTP/SCS for consistency. 
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assumptions and transportation investments through 2035.  AMBAG evaluated these 
initial scenarios using a set of transportation, environmental, and equity performance 
measures using AMBAG’s recently upgraded transportation model and UPlan land use 
modeling software.  

These five initial alternative scenarios were presented to the public at a series of 
workshops and presented to staff and elected officials at each respective jurisdiction.  
Based on feedback, these initial scenarios were then consolidated down to two hybrid 
scenarios.  

Scenario A focused additional growth within existing neighborhood communities in, and 
adjacent to, existing commercial corridors facilitating a better jobs/housing balance, and 
encouraging mixed-use development and active transportation. 

Scenario B deferred to the current local jurisdictions’ land use strategies within their 
general plans.  Maintenance and rehabilitation of the existing transportation system with 
a focus on safety was also a priority.  

AMBAG engaged a wide range of stakeholder groups, elected officials, special interest 
groups, and the general public through a series of meetings and workshops.  The input 
received through this process resulted in the preferred land use and transportation 
strategy in the 2035 MTP/SCS. 

D. Selection of Preferred Scenario  

After vetting the hybrid scenarios through partner agencies and local jurisdictions, a final 
preferred scenario was prepared, and is a hybrid of Scenarios A and B, described 
above.  The preferred scenario is a hybrid of the current land use strategy of local 
jurisdiction general plans and focused growth in existing communities and near existing 
commercial corridors.  The overall transportation strategy is a blend of maintenance and 
rehabilitation of the existing transportation system, with an emphasis on active 
transportation, transit, and safety.  The preferred scenario was ultimately selected by 
the AMBAG Board in September 2013 and serves as the foundation of the 2035 
MTP/SCS. 

IV. ARB Staff Review of AMBAG’s SCS  

A. Application of ARB Staff Review Methodology 

The review of AMBAG’s MTP/SCS focused on the technical aspects of regional 
modeling that underlie the quantification of GHG emissions reductions.  This review 
examines the AMBAG model inputs and assumptions, modeling tools, application of the 
models, and modeling results, following the general method described in ARB’s 
July 2011 document entitled “Description of Methodology for ARB Staff Review of 
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Greenhouse Gas Reductions from Sustainable Communities Strategies Pursuant to 
SB 375.”  ARB staff tailored the general methodology to address the unique 
characteristics of the AMBAG region and its transportation modeling approach.  ARB 
staff evaluated how the AMBAG models operate and perform in estimating travel 
demand, and how well they provide for quantification of GHG emissions reductions 
associated with the MTP/SCS.  In evaluating whether the AMBAG model is reasonably 
sensitive for these purposes, ARB staff examined how well AMBAG’s travel demand 
model (TDM) responded to specific changes in input values, as well as how accurately it 
replicated observed results. 
 
To help answer these and other questions, ARB staff used publicly available information 
in the AMBAG MTP/SCS, including RTP technical appendices, the Draft Environment 
Impact Report (DEIR), the travel model description and validation reports, model peer 
review summary, and off-model adjustment report.  In order to assess the technical 
soundness and general accuracy of the AMBAG GHG quantification, four central 
components of the AMBAG GHG analyses were evaluated:  data inputs and 
assumptions, modeling tools, model sensitivity, and performance indicators.  The 
evaluation of these four components is described below. 

 
B. Data Inputs and Assumptions 

1. Demographics and the Regional Growth Forecast 

Demographic data describe a number of key characteristics used in TDMs.  The 
MTP/SCS uses demographic data to describe where the AMBAG population lives, 
works, and travels during the planning period. 

AMBAG expects that the region will see an addition of 65,600 jobs between 2010 and 
2035.  Some of this job growth (17,200) represents the recovery of jobs lost during the 
economic downturn.  Table 1 summarizes the employment growth forecast for the 
AMBAG region over the MTP planning horizon.  AMBAG projects that regional 
employment will grow at a slower rate through 2035 than the rest of California and the 
nation.  This is because the faster-growing employment sectors are not well 
represented in the region.  The AMBAG regional economy differs from surrounding 
regions and the rest of California in several notable ways.  Agriculture, leisure and 
hospitality, government, and the self-employed sectors have larger employment shares 
than average. 
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Table 1: AMBAG Regional Growth Forecast Demographic Assumptions 
(Employment) 
Jurisdiction 2005 2010 2020 2035 Percent Change 

(2010-2035) 
San Benito County 16,910 16,200 18,513 19,546 15.6 
Santa Cruz County 116,320 110,200 120,010 131,117 12.7 
Monterey County 193,110 182,000 205,977 222,137 15.0 
AMBAG Total 326,340 308,400 344,500 372,800 14.2 
Sources: AMBAG 2014a, AMBAG 2008. 

As described previously, the regional population forecast is estimated based on the ratio 
of people to jobs in the AMBAG region.  The AMBAG region has more people per job on 
average than the rest of the U.S and that is expected to continue through 2035 (AMBAG 
2014a).  The AMBAG regional population forecast is summarized in Table 2. 

Table 2: AMBAG Regional Growth Forecast Demographic Assumptions 
(Population) 
Jurisdiction 2005 2010 2020 2035 Percent Change (2010-

2035) 
San Benito County 57,324 55,269 73,103 81,332 41.8 
Santa Cruz County 260,092 262,382 279,381 308,582 18.6 
Monterey County 422,632 415,057 447,516 495,086 17.1 
AMBAG Total 740,048 732,708 800,000 885,000 19.6 
Sources: AMBAG 2014a, AMBAG 2008. 

There are three factors that contribute to the higher ratio of people to jobs in the 
AMBAG region compared to the U.S.: 

• Significant number of AMBAG residents commute to jobs outside the region, 
particularly to Santa Clara County. 

• The number of residents that live in group quarters (e.g., military, post-secondary 
education and prisons) in the AMBAG region is higher than average. 

• During the recession, the number of jobs in the region fell while population continued 
to grow. 

The agency responsible for socioeconomic projections in the Bay Area (ABAG) predicts 
a 28 percent increase in Santa Clara County jobs between 2010 and 2035 (AMBAG 
2014a).  Job growth, combined with high housing prices in Santa Clara County, is 
expected to result in workers seeking housing in portions of the AMBAG region that will 
increase commute trips.  The regional housing forecast (summarized in Table 3) was 
developed by applying household formation rates from the US Census to the population 
forecast after adjusting for group quarters population and vacancy data.  
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Table 3: AMBAG Regional Growth Forecast Demographic Assumptions (Housing 
Units) 
Jurisdiction 2005 2010 2020 2035 Percent Change (2010-

2035) 
San Benito County 17,638 17,870 22,620 25,057 42.1 
Santa Cruz County 102,872 104,476 111,039 120,196 16.8 
Monterey County 137,338 139,048 147,106 157,992 15.0 
AMBAG Total 257,848 261,394 280,765 303,245 17.6 
Sources: AMBAG 2014a, AMBAG 2008. 

2. Current and Future Land Use Development Patterns 

AMBAG used the UPlan land use allocation model to forecast future land use changes, 
which were then input into the transportation model.  UPlan is a computer software 
application that was designed for use in California and has been widely applied in land 
use and environmental planning.  UPlan was developed at the Information Center for 
the Environment at the University of California, Davis.  Users can project land use 
changes, and can also overlay environmental data to identify potential conflicts or 
constraints (e.g., undevelopable parcels, environmentally sensitive parcels). 

The UPlan model is based on the following assumptions: 

• Conversion factors can be applied to employment and households to estimate 
demand for land use from population growth. 

• Urban growth will conform to local general plans. 
• Land use types have different attractions based on accessibility to transportation and 

infrastructure. 

AMBAG used base year (2010) population from the U.S. Census and employment data 
from the California Employment Development Department (EDD) in its analysis for the 
2014 MTP/SCS. 

Current Land Use: General Plan and UPlan Land Use Categories 

There are 21 jurisdictions in the AMBAG region that adopt unique comprehensive land 
use plans (i.e., general plans), and there is variability in how land uses are categorized 
among the jurisdictions. For example, one jurisdiction may classify 16 dwelling units per 
acre as “High Density Residential” while a neighboring jurisdiction may classify that 
same density “Medium Density Residential”. 

AMBAG staff worked with the local jurisdictions to translate the land use categories to a 
common naming convention.  Next, AMBAG staff translated the 21 general plan land 
use types into UPlan land use classifications using industry accepted standards for 
jobs-per-square foot, which were then input to UPlan for regional analysis.  
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UPlan translated floor area ratio into employment.  Dwelling units per acre is also 
aggregated into transportation analysis zones (TAZs) using UPlan.  UPlan then 
allocated growth based on residential and employment parameters (e.g., persons per 
household, density, employees per square foot, floor area ratios) and converted growth 
into acres needed for employment and housing. Areas with higher attractiveness values 
and larger amounts of available land would have a higher proportion of growth in 
population and employment.  

Future Land Use Pattern 

The land use pattern envisioned in AMBAG’s preferred scenario anticipates an increase 
in density through infill development and increased mix of uses in existing commercial 
corridors.  This intensified density would be combined with improved high quality transit 
service providing headways of 15 minutes or less. 

AMBAG anticipates an increase in mixed-use developable acres and more households 
and jobs within walking distance of high quality transit in 2035 with implementation of 
the SCS compared to a scenario without the SCS (i.e., implementation of the previously 
adopted MTP).  These indicators of future land use are described in further detail later 
in this report in Section V, “Performance Indicators”. 

3. Transportation Network Inputs and Assumptions 

The current transportation network for the AMBAG region is composed of roadways, 
transit, rail, bicycle and pedestrian paths, and airports.  ARB staff reviewed the key 
transportation network inputs and assumptions used in AMBAG’s TDM.  This review 
included highway and transit network attributes as well as link capacity and free-flow 
speed assumptions.  The review process was based on guidelines outlined in the 2010 
California Transportation Commission (CTC) Regional Transportation Plan Guidelines 
(CTC 2010), National Cooperative Highway Research Program (NCHRP) Report 7163, 
and commonly accepted model development  practice. 

Highway Network 

The highway network represents the roadway system in a region.  The AMBAG highway 
network includes freeways, expressways, arterials and collectors.  AMBAG’s modeling 
consultant used recent aerial photography, Google Earth, and GIS landform data to 
develop the regional highway network.  Figure 2 shows the AMBAG 2035 highway 

3 NCHRP Report 716 revises and updates NCHRP Report 365.  This report describes travel demand 
modeling theory and techniques, common applications by transportation planning agencies, and the use 
of observed data for key modeling parameters at the national level. 
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network.  Table 4 summarizes the reported base year lane miles by facility type in the 
AMBAG region. 

Table 4: AMBAG Highway Network Lane Miles by Facility Type in 2010 
Facility Type Lane Miles 

Freeway or expressway 108 
Principal arterials 746 
HOV -- 
Minor arterial 1,217 
Major and minor collectors 1,707 
Local 5,647 

Notes: HOV = high occupancy vehicle. 
Source: AMBAG 2014a. 

ARB staff reviewed the AMBAG highway network development methodology and found 
that AMBAG followed acceptable travel modeling procedures, and its methodology and 
network coding are consistent with the NCHRP 716 Report. 
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Figure 2: 2035 AMBAG Regional Highway, Transit, and Bicycle Network 

Source: AMBAG 2014a. 
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Link Capacity & Free-Flow Speed 

Link capacity is defined as the number of vehicles that can pass a certain point of the 
roadway at free-flow speed within an hour.  TDMs use free-flow speed to estimate the 
shortest travel time between the origin and the destination of a trip that is assigned to 
the street network.  AMBAG’s TDM includes seven types of roadway facilities:  
interstate, expressways/freeways, principal arterial, minor arterial, major collector, minor 
collector and local streets.  Table 5 summarizes the link capacity associated with each 
facility type by speed range. 

Table 5: Link Capacity by Speed Range 

Facility Type Speed ranges (mph) 
0-25 25-35 35-45 45-55 >55 

Interstate 1,600 1,800 1,900 2,000 2,200 
Expressways/freeways 1,600 1,800 2,000 2,200 2,350 
Principal arterial 1,500 1,700 1,800 1,900 2,000 
Minor arterial 1,400 1,500 1,600 1,700 1,800 
Major collector 1,200 1,300 1,400 1,500 1,600 
Minor collector 850 900 1,000 1,000 1,000 
Local 850 900 1,000 1,000 1,000 

Notes: mph = miles per hour. 

AMBAG‘s lane capacity assumptions and free-flow speeds are consistent with the 2010 
Highway Capacity Manual’s suggested procedures for estimating highway capacity and 
are consistent with acceptable practice as described in NCHRP Report 716. 

Transit and Non-Motorized Networks 

The transit network in the TDM is built upon the AMBAG regional highway network 
(Figure 2).  All bus routes, stops and their variations are derived from the General 
Transit Feed Specifications (GTFS) submitted by the three transit agencies:  Monterey-
Salinas Transit (MST), Santa Cruz Metropolitan Transit District (METRO), and San 
Benito Transit (County Express) and are included as attributes in the transit network.  
Additional public transit providers in the AMBAG area include Amtrak and six paratransit 
operators, which are also included in the model’s transit network. 

AMBAG developed the transit and non-motorized networks by importing the GTFS data 
directly into the TransCAD modeling program, which was combined with the highway 
network.  AMBAG staff then verified the routes individually together with a tabulation of 
headways by time of day.  The transit network contains link-level route attributes such 
as route name, operator, mode, start and end time, length, headway, fare, and direction.  
Table 6 summarizes the 2010 existing transit operation miles in AMBAG. 
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Table 6: 2010 AMBAG Service/Operation Miles 
Transit Type Service/Operation Miles 

Local, express bus, and neighborhood shuttle  8,596 
Bus rapid transit bus  239 
Passenger rail 30 

Source: AMBAG 2014a. 

In addition to transit related attributes, AMBAG staff also incorporated bike lanes and 
pedestrian facilities into the AMBAG transportation network (Figure 2).  There are three 
categories of bike lanes (bikeways) in the AMBAG region: Class I4, Class II5, and Class 
III6.  The reported 2010 bicycle and pedestrian trail/lane miles combined is 1,068 lane 
miles.   

ARB staff reviewed the inputs and assumptions AMBAG used in developing its transit 
and non-motorized networks and found them consistent with acceptable practice as 
described in NCHRP Report 716. 

4. Travel Demand Inputs and Assumptions  

Inputs and assumptions used in travel demand modeling, such as the number of vehicle 
trips, trip length, and travel time, affect the estimation and forecast of travel occurring in 
a region.  ARB staff reviewed the inputs and assumptions used in the AMBAG TDM and 
compared them with modeling procedures described in NCHRP Report 716, observed 
household travel data from CHTS, U.S. Census, and empirical literature.  ARB staff 
found that input assumptions were reasonable and consistent with these references. 

Trip Generation Rates 

Trip generation rates are used in a TDM to estimate the amount of travel demand in a 
region.  Table 7 summarizes the reported average trip rates per person by trip purpose.  
In the trip generation step, the TDM forecasts trip productions and attractions at the 
zonal level for seven trip purposes:  home-based work (HBW), home-based shopping 
(HBShop), home-based University (HBUniv), home-based other (HBOther), non-home-
based work (NHBW), and non-home-based other (NHBO).  The TDM also models 
visitor trips, which are discussed later in this report. 

4 Also known as bike path, which provides bicycle travel on a paved right-of-way completely separated 
from any roadways. 

5 A Class II bikeway provides a striped lane for one-way travel on a street or highway. 

6 Also known as bike route, which includes signage and provides for shared use with vehicles. 
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Trip Length Distribution  

In the traffic assignment step of the travel modeling process, trip lengths are estimated 
using the transportation network and are then used to calculate travel time (i.e., network 
skims).  Table 7 also summarizes the reported base year trip lengths and travel times 
by mode in the AMBAG region.  

Table 7: Average Trip Rates, Length, and Travel Time by Trip Purpose in 2010 

Trip Purpose 
Trips per 
Person 

Trip Length 
(miles) 

Travel Time 
(minutes) 

Home-Based-Work 0.41 10.01 15.62 
Home-Based-Shopping 0.26 4.88 8.43 
Home-Based-School 0.14 6.24 10.32 
Home-Based-University 0.03 12.24 19.85 
Home-Based-Other 1.13 5.55 9.38 
Non-Home-Based-Work 0.25 7.29 11.73 
Non-Home-Based-Other 0.76 5.72 9.50 
Total 2.99  

Source: AMBAG 2014a. 

C. Modeling Tools  

1. Land Use Allocation Model 

UPlan, the land use allocation model used by AMBAG, was discussed previously in 
Section IV, “Data Inputs and Assumptions”.  Please refer to that section for details about 
the UPlan model.  The UPlan model estimates households and employment associated 
with each land use scenario in the base and forecast years, and are distributed at the 
TAZ level for  input to the AMBAG regional TDM. 

2. Travel Demand Model 

The AMBAG TDM is a TransCAD platform-based model consisting of trip generation, 
trip distribution, mode choice, and trip assignment (Figure 3).  AMBAG’s TDM includes  
additional capability to syntheize population for allocating socioeconomic data to the 
TAZ level.  Other modeling capabilities include a destination choice model for the trip 
distribution step, and integration of land use variables (also known as the “4D” 
variables) in the destination choice and mode choice sub-models.  The model area 
includes Monterey, San Benito, and Santa Cruz Counties, 18 cities, and three transit 
operators included in the AMBAG region.  There are 1,710 TAZs including 10 external 
zones in the model area.  The AMBAG TDM was calibrated using data from the 2010 
California Household Travel Survey (CHTS), the 2010 U.S. Census, the 2011 AMBAG 
Origin Destination study, and local transit and traffic counts.    

17 

 



 

 

Figure 3: Flow Chart of Modeling Process 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Population Synthesizer 

The model’s base year population estimate using the population synthesizer was about 
6 percent lower than the 2010 Census (Table 8).  AMBAG staff adjusted the base year 
population to match the Census data during the model calibration process.  Output 
variables from the population synthesizer include household attributes such as:  
household population, age, income, tenure, education, and other demographic data. 

 

Feedback 
(Updated  
Congestion 
 Time) 

EMFAC2011 
- CO2 emissions 
- Criteria pollutant emissions 

TRAFFIC ASSIGNMENT 
- Highway Assignment 
- Transit Assignment 

TRIP DISTRIBUTION 
- Gravity Model 
- Destination Choice Model 

MODE CHOICE 
- Time of Day Model 

 

TRIP GENERATION 
 

UPlan 
- Land Use Allocation 
 

 Socioeconomic data 
Population Synthesizer 

 

 

18 

 



 

Table 8: Base Year Population Estimate  
 Model Census % Difference 
Population 685,695 732,708 -6.42% 
Number of Households 237,221 237,106 0.05% 

Source: AMBAG 2014b. 

Trip Generation 

The first step of the AMBAG TDM is trip generation, which estimates trips made by 
individuals and households within the region.  This step contains sub-models including a 
trip production model, a trip attraction model, and a visitor model.  Trip generation 
estimates the number of passenger trips that are made from origin zones and to 
destination zones, classified as trip productions and trip attractions. 

Trip productions are estimated by trip purpose and household characteristics using the 
2010 CHTS and the 2010 Census data.  For non-home-based trips, AMBAG staff 
estimated trip rates using employment and number of households.  Table 9 summarizes 
the model estimates of trips by trip purpose and number of trips derived from the travel 
survey.  The model estimates compared to survey data are within 10 percent, except for 
home-based-university trips.  This result is normal because college student travel 
patterns are generally not as consistent as commuters because of variable school 
schedules and student employment status.  

Table 9: Trip Production Estimates 
Purpose Modeled  Survey % Difference 

Home-Based-Work  301,391         325,436  -7% 
Home-Based-Shopping  192,838         180,236  7% 
Home-Based-School 99,049         100,272  -1% 
Home-Based-University      36,836            25,202  46% 
Home-Based-Other  826,596         766,438  8% 
Non-Home-Based-Work  196,849         189,997  4% 
Non-Home-Based-Other  567,654         575,720  -1% 
Visitor Shop   163,686   N/A  -- 
Visitor Tourist     82,497   N/A  -- 

Source: AMBAG 2014b. 

The trip attraction sub-model estimates trip destinations based on purpose-based 
regression models using employment data, and reconciles and rebalances these 
estimates against the estimates of trip production described above.  The six sectors of 
employment in the model are: agriculture, construction, industry, retail, service, and 
public school enrollment (K-12).  University enrollment and average number of visitors 
at the TAZ level during a typical weekday are also included as variables in the trip 
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attraction model.  All the trip rates in the trip attraction estimation are from the 2010 
CHTS records. 

Because the percentage of VMT related to tourism in the AMBAG region is higher than 
most MPOs, visitor travel is an important added component of the TDM.  The visitor 
model in AMBAG’s TDM estimates two types of visitor trips: visitor to shopping sites and 
visitor to tourism sites.  The trip rates used in the visitor model are based on previous 
AMBAG modeling efforts with some modification to hotel occupancy and visitor data.  

Trip Distribution  

The trip distribution step incorporates a traditional gravity model7 and a destination 
choice model.  AMBAG used the traditional gravity model to distribute trip purposes 
such as home-based-school, home-based-university, non-home-based trips, 
interregional trips, and visitor trips.  The destination model was used to distribute trip 
purposes such as home-based-work, home-based-shop, and home-based-other.  
AMBAG staff calibrated the trip distribution model for both peak and off-peak periods 
using the 2010 CHTS. 

The gravity model distributes trips from origin to destination zone based on friction 
factors associated with trip length and travel behavior observed in the 2010 CHTS.  The 
destination model is a discrete choice model using utilities to estimate the destination of 
a home-based trip also using the 2010 CHTS data.  Modeled estimates and survey data 
of average travel time by trip purpose differ slightly, but the results show overall 
agreement with the exception of university trips.  As discussed earlier, it is normal to 
expect wide variation in home-based-university trips due to school schedules and the 
type of institution. 

To estimate highway and transit travel times, AMBAG staff started with the free-flow 
travel times based from posted speeds in traffic assignment, and then applied the 
Method of Successive Averages (MSA)8 to average the travel time from successive 
model runs to obtain congested travel time.  The peak hour travel time is based upon 
the AM period (i.e., 6 am to 9 am).  In AMBAG’s model, the 7 am to 9 am period is used 
for the travel times input into the trip distribution step because this was the time period 
for which traffic count data was available, and adequately represents the peak period in 
the AMBAG region.  The off-peak travel times are based upon the mid-day period (i.e. 9 
am to 4 pm).  

7 A gravity model assumes that urban places will attract travel in direct proportion to their size in terms of 
population and employment, and in inverse proportion to travel distance. 
8 The Method of Successive Averages is a common mathematical approach for estimating link volume in 
a transportation model where multiple iterations of a calculation eventually converge on an equilibrium 
solution. 

20 

 

                                            



 

Similar to the procedures performed in highway skimming step, AMBAG staff used the 
built-in Pathfinder function in TransCAD to determine the best path between origin and 
destination on the transit network.  The function converts time, access, egress and 
transfer time, waiting time and fares into a generalized transit cost.  The output is used 
in the trip distribution and mode choice stages of the TDM. 

Interregional trips are trips that either originate or terminate outside of the AMBAG 
region.  Interregional trips are sometimes referred to as “internal-external” or “external-
internal” trips (abbreviated I-X or X-I trips, respectively).  The AMBAG estimate of 
interregional trips was calculated based on the AMBAG external station survey 
completed in 2010-2011.  AMBAG staff derived the trip distribution based on the 2012 
External Origin-Destination study conducted by Fehr & Peers and AirSage and then 
applied the results to the most recent Caltrans traffic counts at the external stations to 
estimate the number of interregional trips (AMBAG 2014b).  

Mode Choice 

The mode choice step of the AMBAG TDM is a nested logit model.9  The model 
estimation was based on the 2010 CHTS survey data.  Four travel modes are modeled 
in this step of the TDM including auto drive alone (DA), auto shared ride (SR), walk and 
bike.  AMBAG staff found that the survey data captured a  limited number of transit trips.  
This may result in an under-estimation of transit mode based on survey data.  To 
resolve this issue, AMBAG staff estimated transit mode share to be one percent based 
on travel time coefficients of other modes and local knowledge of transit mode share.  
Because model estimates of mode share showed no significant difference between 
peak and off-peak.  AMBAG staff combined peak and off-peak model results.  Although 
AMBAG staff considered incorporating several 4D variables in the mode choice model, 
only the total employment density variable was included due to the lack of trip records in 
the survey data.  Modeled estimates of mode share and survey data by trip purpose 
differ slightly, but the results show overall agreement.  AMBAG staff adjusted mode 
share for home-based-university trips using data from a 2012 Santa Cruz Metro on-
board travel survey. 

Time of Day Model 

The time of day model allocates the peak and off-peak trip productions and attractions 
from the mode choice step into four time periods:  AM (6 am to 9 am), Mid-day (9 am to 
4 pm), PM (4 pm to 7 pm) and Evening/Night (7 pm to 6 am).  AMBAG staff estimated 
the departure and return percentages for each time period using the 2010 CHTS data. 

9 The nested logit model is a type of discrete choice model to predict choices between two or more similar 
subsets of alternatives in a choice set. 
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In addition to allocating trip productions and attractions into different time periods, the 
time of day model also converts person trips into vehicle trips using the shared ride 
average occupancy rates from the 2010 CHTS.  Average vehicle occupancy rates vary 
by trip purpose and range from 2.25 to 3.25 occupants per vehicle. 

Pass-through trips are estimated based on the 2010 External Station Survey.  Table 10 
summarizes the number of trips by time period. 

Table 10: Trip Distribution by Time Period 
Time Period Drive Alone Shared Ride Truck Total  % of Total 

AM    171,403       81,731       9,411        262,545  17% 
Mid-day    450,695     242,478     26,786        719,959  46% 
PM    236,832     120,631     11,199        368,662  24% 
Evening/Night    130,217       69,608     14,347        214,172  14% 
Total    989,147     514,448     61,743    1,565,338  100% 

Source: AMBAG 2014b. 

Traffic Assignment 
 

Highway Assignment 

The traffic assignment step takes output from previous steps (e.g. origin, destination, 
travel time, mode) to determine flows on the network links and path choice. There are 
four time periods used in the AMBAG TDM:  AM Peak Period (6 am to 9 am), PM Peak 
Period (4 pm to 7 pm), Mid-day Period (9 am to 4 pm), and Evening Period (7 pm to 6 
am).  

The model uses the User Equilibrium Method in traffic assignment, which begins by 
assigning all trips to the shortest paths based upon free-flow travel time.  Congested 
travel time is then estimated using a delay function based on the traffic volume assigned 
to each link in the networks.  The model runs several iterations using alternate paths 
until the user equilibrium solution is achieved.  Table 11 summarizes VMT estimates by 
facility type from the highway assignment step. 

Table 11: Model VMT Estimates for 2010 
Facility Type Model VMT Observed VMT % Difference 

Freeways        1,837,590        1,812,640  1% 
Major arterials        3,255,407        3,391,832  -4% 
Minor arterials            496,305             544,522  -9% 
Major collectors              97,793             163,081  -40% 
Minor collectors              54,672               81,529  -33% 
Local roads              30,775               43,322  -29% 
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Ramps              19,695               18,386  7% 
Total        5,792,237        6,055,312 -4% 

Source: AMBAG 2014b. 

AMBAG’s TDM used an assignment function consistent with the CTC 2010 California 
RTP Guidelines to estimate the link volumes and speeds.  A comparison of the 
estimated VMT from the model with observed data from the Highway Performance 
Monitoring System (HPMS)10 yields a difference of  about four percent.  The HPMS 
database relies on samples of roadway volumes taken at rotating periodic intervals, i.e. 
every roadway may not be counted every year.  Roadway volumes are estimated for 
roadways that are not actually counted in a given year.  Additionally, the geographical 
region in the HPMS database may not be consistent with the AMBAG modeling domain.  
For these reasons, AMBAG staff determined that no adjustment of modeled VMT was 
warranted. 

Transit Assignment 

Tthe transit assignment step uses the built in Pathfinder function in TransCAD.  This 
function estimates the best transit path based on minimum generalized cost as 
represented by travel time.  The transit assignment uses existing park-and-ride facilities 
in the AMBAG region as well.  Because there were no recent ridership data available, 
AMBAG validated the transit ridership based on the estimated daily ridership.   

Feedback 

At the completion of the trip assignment step, estimated congested travel times are fed 
back to the input travel times at the beginning of the modeling process.  AMBAG staff 
used the MSA method to calculate the congested travel time resulting from each 
iteration.  A total of five iterations were performed in AMBAG’s final model update with 
the congested travel times from each step being fed back and used in the next step.  

Model Validation and Peer Review  

Model validation examines how well the TDM output match observed travel data in the 
base year.  The CTC’s 2010 RTP guidelines recommend both static and dynamic model 
validation be performed for a region the size of the AMBAG region.  AMBAG calibrated 
the TDM to 2010 conditions with the 2010 CHTS, and used 2010 Census and 
employment data.  The model is calibrated using Average Annual Daily Traffic (AADT) 
volumes from Caltrans and local jurisdiction traffic counts.  Peak period count data is 
used wherever available.  

10 Highway Performance Monitoring System is a federally mandated program to collect roadway usage 
statistics for essentially all public roads in the US.    
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The results of the static validation test are summarized in Table 12.  The results indicate 
the AMBAG TDM’s performance is within the acceptable range as described in the 2010 
CTC RTP guidelines.   

Table 12: AMBAG Transportation Model Validation Test Results 

Validation Item 
AMBAG's 

Model 

CTC’s RTP 
Criteria for 
Acceptance 

Percent of links with volume-to-count ratios within 
Caltrans deviation allowance 92% ≥75% 
Correlation coefficient 0.95 ≥0.88 
Percent root mean squared error (RMSE) 28% <40% 

Notes: CTC = California Transportation Commission; RTP = Regional Transportation Plan. 
Source: CTC 2010; AMBAG 2014b. 

For dynamic model validation, AMBAG staff changed several model inputs and 
parameters to test the sensitivity of the model regarding the change of independent 
variables.  Tests AMBAG staff performed included:  adding capacity to a roadway 
facility, modifying land use, and adding capacity to transit service. Descriptions of the 
tests and results of the dynamic model validation are presented in the model sensitivity 
test section below. 

A peer review of the new TDM also took place in June 2013 and AMBAG staff have 
implemented all suggestions from the review.  The purpose of the peer review was to 
identify critical deficiencies of the TDM, recommend off-model enhancements, 
recommend enhancements for the 2018 MTP update, and integrate with the land use 
model.   

Planned Model Improvements 

This section describes the planned modeling improvements undertaken at AMBAG for 
the next MTP due in 2018.  AMBAG is developing these model improvements to 
enhance the quality of analytical tools used to inform regional decision makers.  
AMBAG is developing a GIS-based mapping tool that can be used by sub-regions and 
local governments to collect and share land use information with the regional agencies.  
AMBAG is in the process of developing an integrated bike model to capture 
neighborhood-scale bicycle and pedestrian travel behavior.  AMBAG is also exploring 
the possibilities for development of an auto ownership model based on demographic 
characteristics, auto operating cost, and accessibility.  Further, they intend to improve 
the model’s sensitivity to transit strategies to reflect the route-level changes.   
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Off-Model Adjustments 

AMBAG’s consultant, Fehr & Peer, found that the TDM was not sensitive to change in 
land use and transit service through model sensitivity test results (discussed in the next 
section).  Of the $7.68 billion funding for the 2035 AMBAG MTP/SCS, 43 percent of the 
investments are for projects that cannot be modeled in AMBAG’s TDM (e.g., 
transportation system management, active transportation).  Therefore, off-model 
adjustments were considered, and are discussed in more detail below.  

The off-model tool developed by AMBAG calculates additional carbon dioxide (CO2) 
emission reductions based on academic literature review and collaboration with other 
MPOs.  Following is a list of the references AMBAG staff used in developing the off-
model adjustments: 

• “Moving Cooler: an Analysis of Transportation Strategies for Reducing 
Greenhouse Gas Emission” published by the Urban Land Institute; 

• The ARB sponsored land use and transportation strategies related policy briefs 
authored by Marlon Boarnet and Susan Handy; 

• The California Air Pollution Control Officers Association (CAPCOA) “Quantifying 
Greenhouse Gas Mitigation Measures”, August 2010; 

• SACOG Model Technical Report, Appendix C-4: Final Environmental Impact 
Report for the MTP/SCS for 2035, SACOG, February 2012; 

• Bay Area Plan, Strategy for a Sustainable Region, Metropolitan Transportation 
Commission (MTC) and ABAG, July 2013; and 

• Smart Growth INDEX 4D Model Version 2.0. Prepared for US EPA by Criterion 
Planners, October 2002. 

The off-model adjustments were made for five programs, or bundles of projects that are 
included in the 2035 MTP/SCS:  Transportation System Management (TSM), 
Transportation Demand Management strategies, other travel reduction programs (e.g., 
vanpools for agriculture workers, car sharing, electric vehicle use, telecommute, flexible 
work schedule, and work-at-home workers), Active Transportation (AT) and Complete 
Street projects, and Transit System Enhancement.  Table 13 summarizes the percent 
reduction of CO2 emission by year 2035 AMBAG estimated from each group of off-
model strategies.  
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Table 13: Off-Model Greenhouse Gas Emissions Reductions 
Group of Strategies % Reduction in 2035 

Transportation System Management -0.84% 
Transportation Demand Management -0.52% 
Travel Reduction Programs -0.51% 
Active Transportation Combined Strategies -1.61% 
Transit System Enhancement -0.46% 
Total Percent Reduction from Off-Model -3.94% 

Notes: GHG = greenhouse gas. 
Source: AMBAG 2014c. 

ARB staff reviewed the references AMBAG used to develop the off-model adjustments.  
The GHG emissions reductions AMBAG calculated  from off-model adjustments are 
conservative and are within the expected ranges documented in their referenced 
sources.  

Transportation System Management (TSM) 

TSM measures include efforts to optimize vehicle speeds and traffic flow which can in 
turn reduce overall CO2 emissions.  AMBAG’s TSM strategies include:  roadway ramp 
metering, traffic signal coordination, intersection control, and related traffic operation 
projects.  AMBAG’s consultant developed a spreadsheet based tool for estimating CO2 
reductions from TSM strategies.  The resulting CO2 reductions totaled 0.84 percent by 
2035.  

Transportation Demand Management  

Transportation demand management consists of strategies and policies that can 
increase the efficiency of the transportation system by encouraging people to shift from 
single-occupant vehicles (SOV) to alternative modes of transportation.  Strategies 
include providing incentives to commuters to reduce auto trips and the associated VMT.  
As an example, the regional vanpool program operated by AMBAG, started in 2009, 
encourages commuters, especially agricultural workers, to travel to work locations in 
vanpools.  This not only reduces VMT, but makes the commute more affordable.  
AMBAG applied a 0.52 percent reduction in CO2 from transportation demand 
management strategies. 

Other Travel Reduction Programs 

The impact of work-at-home or telecommuting on CO2 emissions and VMT depends on 
the number of people working from home, the number of days they work from home, 
and the trip length that working from home eliminates.  AMBAG notes that 
telecommuting has increased over the past ten years, and nearly six percent of all the 
employees in the region telecommute most of the time.  Moving Cooler suggests that 
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the reduction in commuter VMT ranges from 0.07 to 0.22 percent if one percent of 
employees in the region participate in a compressed work schedule.  Based on the 
growth of telecommuters in the region and empirical literature, AMBAG estimates the 
increasing rate of telecommuting will reduce regional CO2 emissions by 0.51 percent.  

Active Transportation (AT) 

The 2035 AMBAG MTP/SCS includes bike and pedestrian facility expansion, and traffic 
calming to directly or indirectly enhance comfort and security for bicyclists and 
pedestrians. The MTP/SCS allocates about $900 million to bike and pedestrian facilities 
and complete-streets projects.  These projects include:  the Monterey Bay Sanctuary 
Scenic Trail, Carmel to Pebble Beach bicycle facility, bicycle kiosks, lockers, way-
finding signs, sidewalk enhancements, bicycle and pedestrian plans and bike lanes.  
Based on EPA 2002 and CAPCOA, AMBAG estimates the AT strategies will reduce 
regional CO2 emissions by 1.61 percent by 2035. 

Transit System Enhancement 

The 2035 AMBAG MTP/SCS proposes to invest about $2.6 billion in transit capital 
funding and operating assistance.  The transit investment is planned for a new BRT and 
express routes to improve transit service headway in locations such as Watsonville, 
Monterey, and Salinas; and for local bus expansion in South Monterey, University of 
California-Santa Cruz, and throughout the region.  The RTPAs are also working to bring 
rail service to Monterey and Santa Cruz Counties to better connect residents to job 
locations, schools, and other services.  With the transit system’s expansion and 
improvement projects, AMBAG staff estimates a 0.46 percent reduction in CO2 
emissions by 2035.  

3. EMFAC Model 

The ARB Emission Factor model (EMFAC2011) is a California-specific computer model 
that calculates emissions of air pollutants from all on-road motor vehicles including 
passenger cars, trucks, and buses for calendar years 1990 to 2035.  The model 
estimates exhaust and evaporative hydrocarbons, carbon monoxide, oxides of nitrogen, 
particulate matter, oxides of sulfur, methane, and CO2 emissions.  It uses vehicle 
activity provided by RTPAs, and emission rates developed from testing of in-use 
vehicles.  The model estimates emissions at the statewide, county, air district, and air 
basin levels.  

The EMFAC2011 modeling package contains three components:  EMFAC2011-LDV for 
light-duty vehicles, EMFAC2011-HD for heavy-duty vehicles, and EMFAC2011-SG for 
future growth scenarios. AMBAG inputs the estimated VMT by speed bin into EMFAC 
2011 to estimate GHG emissions for baseline as well as forecasted years for its SCS 
preferred scenario.  The GHG emissions estimates are presented as tons of CO2 per 
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day. The estimated total weekday CO2 emissions for year 2005, 2010, 2020, and 2035 
were converted to per capita CO2 emissions.  

D. Discussion of Model Sensitivity  

AMBAG’s consultant Fehr & Peers conducted model sensitivity tests to examine the 
model’s responsiveness to changes in land use, highway capacity, and BRT/LRT transit 
service in the model base year (i.e., 2010).  As discussed in the previous section, “Off-
Model Adjustments”, AMBAG’s TDM was not responsive to some of the transportation 
projects and projected land use changes in the RTP/SCS.  The results of the sensitivity 
tests are discussed below. 

1. Land Use 

AMBAG staff tested a land use change scenario that moved residential units in the 
northern areas of Salinas (orange and red areas in Figure 4) to the downtown Salinas 
area (yellow and green areas in Figure 4).  The demographic assumptions including 
population, housing, and employment were kept unchanged to maintain the same 
regional totals.  This test was intended to examine the interaction with existing land use 
and transit, and impact on VMT.  Table 14 summarizes the VMT outputs associated 
with this land use scenario testing.  AMBAG staff explained that within the test area the 
trips are shorter and have other options than driving, but the interaction with land uses 
outside of Salinas and congestion in the downtown area caused an overall increase in 
VMT for the region. 
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Figure 4: Land Use Sensitivity Test - Salinas Infill 

 
Source: AMBAG 2014d. 

Table 14: Land Use Sensitivity Test Results 

Area VMT 
No Change With Change Percent Difference 

Salinas Infill Area 203,640 201,220 -1.19% 
Entire AMBAG Region 4,703,250 4,705,170 0.04% 

Notes: VMT = vehicle miles traveled. 
Source: AMBAG 2014d. 

AMBAG’s consultant found that the TDM is not sensitive to change in land use density, 
diversity, and other factors, therefore, off-model adjustments were added to evaluate 
the impact on VMT from active transportation and densification strategies in the region. 

2. New Transit Service 

To assess the TDM’s responsiveness to change in transit service, AMBAG staff 
modeled a scenario that added BRT service in a congested corridor within the model 
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area (see Figure 5).  Table 15 summarizes the results of this test.  AMBAG staff 
explained that transit ridership did not reflect obvious change because the mode choice 
model is not sensitive to added transit.  The slight change in transit ridership was from 
the shifts from local bus to the more attractive BRT line. 

Figure 5: Adding Bus Rapid Transit in a Congested Corridor 

 
Source: AMBAG 2014d. 

 

Table 15: Sensitivity Test Result - Addition of Bus Rapid Transit 

Area Riders without 
BRT 

Riders with 
BRT 

Percent 
Difference 

Within 5 mile buffer of BRT 9,469 9,465 -0.04% 
Entire AMBAG Region 40,669 40,764 0.23% 

Notes: BRT = bus rapid transit. 
Source: AMBAG 2014d.  

AMBAG performed another transit service-related test which added a light rail transit 
(LRT) service line in a congested corridor (see blue line in Figure 6).  Table 16 
summarizes the resulting impact on ridership.  AMBAG staff explained that the modeled 
LRT ridership mainly shifts from existing bus ridership and carpool or shared ride mode. 
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Figure 6: Adding Light Rail Transit in a Congested Corridor 

 
Source: AMBAG 2014d. 

 

Table 16: Sensitivity Test Result - Addition of  Light Rail Transit 

Area Riders without 
LRT 

Riders with 
LRT 

Percent 
Difference 

Within 5 mile buffer of LRT                4,126                 4,916  19.15% 
Entire AMBAG Region              40,669               41,680  2.49% 

Notes: LRT = light rail transit. 
Source: AMBAG 2014d. 

In summary, modeling results show that the TDM is not sensitive to some of the land 
use and transportation strategies in the SCS.  Therefore, AMBAG used reasonable off-
model adjustments to capture the GHG emissions reduction benefits of these strategies. 

E. Performance Indicators  

As discussed previously, AMBAG anticipates an increase in mixed-use developable 
acres in 2035 with implementation of the SCS.  Table 17 summarizes the increase in 
acres of land that could accommodate mixed-use.  
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Table 17: Mixed-Use Developable Acres in AMBAG Region in 2035 

Total Mixed-Use 
Developable Acres 

With SCS Implementation No Project Scenario 

3,529 1,666 
Source: AMBAG Data Table. See Appendix A. 

In addition, implementation of the SCS would result in more households and jobs within 
walking distance of high quality transit in 2035.  Table 18 summarizes the expected shift 
of housing and employment closer to transit. 

Table 18: Proximity of Housing and Employment to High Quality Transit in 
AMBAG Region in 2035 

 With SCS Implementation No Project Scenario 

Households within 1/4 mile  64,584 14,233 
Households within 1/2 mile  102,439 40,572 
Employment within 1/4 mile  155,208 40,211 
Employment within 1/2 mile  213,577 100,513 

Source: AMBAG Data Table. See Appendix A. 

AMBAG reported per capita CO2 emissions that demonstrate  a consistent declining 
trend between 2005 and 2035.  Figure 7 shows per capita CO2 emissions per day 
associated with travel under the SCS.  This graph reflects off-model adjustments 
discussed previously.  

Figure 7: Per Capita CO2 (pounds per day) 

 

The per capita CO2 emission reduction targets that ARB set for the AMBAG region are 
zero percent by 2020 and five percent by 2035.  AMBAG estimates that the SCS would 
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achieve a 3.5 percent CO2 per capita reduction from 2005 in 2020 and a 5.9 percent 
CO2 per capita reduction from 2005 in 2035. 

V. Conclusion 

This report documents ARB staff’s technical evaluation of the AMBAG’s adopted 
MTP/SCS.  This evaluation affirms that AMBAG’s adopted 2014-2035 SCS would, if 
implemented, meet the Board adopted per capita GHG emissions reduction targets of 
no net increase in 2020 and a 5 percent reduction in 2035.    
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ARB SB 375 Evaluation Data Table AMBAG 11/12/2014

ARB_SB375_EvaluationDataTable_8.8.14.xls

2005 2010

(if available) (base year) With Project[2]
Without 

Project[3]
With Project Without Project

1
2 Total population  740,048 732,708 800,000 800,000 885,000 885,000 AMBAG 2014 MTP Appendix A - Regional Growth Forecast
3 Group quarters population 28,540 29,960 33,273 33,273 34,644 34,644 AMBAG 2014 MTP Appendix A - Regional Growth Forecast
4 Total employment (employees) 326,340 308,400 344,500 344,500 372,800 372,800 AMBAG 2014 MTP Appendix A - Regional Growth Forecast
5 Average unemployment rate (%) N.A. N.A. N.A. N.A. N.A. N.A. AMBAG 2014 MTP Appendix A - Regional Growth Forecast
6 Total number of households 238,232 237,106 257,685 257,685 280,721 280,721 AMBAG 2014 MTP Appendix A - Regional Growth Forecast
7 Persons per household 3.11 3.09 3.10 3.10 3.15 3.15 AMBAG 2014 MTP Appendix A - Regional Growth Forecast
8 Auto ownership per household N.A. 1.976 1.976 1.976 1.976 1.976 2010 Census
9 Median household income N.A. $67,105.90 $67,105.90 $67,105.90 $67,105.90 $67,105.90 2011 Census

10
11 Total acres within MPO 3,295,166 3,295,166 3,295,166 3,295,166 3,295,166 3,295,166 AMBAG GIS shapefile

12
Total resource area acres
(CA GC Section 65080.01)

N.A. 3,000,536 N.A. N.A. 2,997,980 2,997,592
OSRdissolve_20131230_JA in scenario GIS files. WA, CPAD, NFWS, County 
GP=AG/OS, AMBAG GIS Performance Measures

13
Total farmland acres
(CA GC Section 65080.01)

N.A. 291,330 N.A. N.A. 276,659 276,719 FMMP= P, U, S. FMMP 2010, AMBAG GIS Performance Measures

14 Total housing units 257,848 261,394 280,765 280,765 303,245 303,245
15 Housing vacancy rate 9.14 9.29 8.22 8.22 7.43 7.43
16 Total developed acres N.A. N.A. N.A. N.A. N.A. N.A.
17

18 Total commercial developable acres N.A. 5,761               N.A. N.A. 4,627 5,761
UPlan Typologies:  U-3, S-3, S-4, S-5, T-3, NU-2; please see email dated 8-8-
14 for explanation.

19 U-3 N.A. 30                     N.A. N.A.  30 30
20 S-3 N.A. 1,769               N.A. N.A.  364 1,769
21 S-4 N.A. 2,305               N.A. N.A.  2,669 2,305
22 S-5 N.A. 1,288               N.A. N.A.  1,288 1,288 
23 T-3 N.A. 182                   N.A. N.A.  57  182
24 NU-2 N.A. 187                   N.A. N.A.  219  187

25 Total residential developable acres N.A. 48,941             N.A. N.A. 47,857 48,941
UPlan Typologies:  U-1,U-2, S-1, S-2, T-1, T-2, NU-3, NU-4; please see email 
dated 8-8-14 for explanation.

26 U-1 N.A. 136                   N.A. N.A. 136  136
27 U-2 N.A. 406                   N.A. N.A. 406  406
28 S-1 N.A. 22,927             N.A. N.A. 21,852  22,927
29 S-2 N.A. 3,898               N.A. N.A. 3,908  3,898
30 T-1 N.A. 5,004               N.A. N.A. 5,004  5,004
31 T-2 N.A. 1,216               N.A. N.A. 1,216  1,216
32 NU-3 N.A. 512                   N.A. N.A. 512  512
33 NU-4 N.A. 14,842             N.A. N.A. 14,823  14,842

34 Total Mixed Use developable acres N.A. 1,666               N.A. N.A. 3,529 1,666
UPlan Typologies:  U-4, S-6, T-4; please see email dated 8-8-14 for 
explanation.

35 U-4 N.A. 297                   N.A. N.A. 469   297
36 S-6 N.A. 1,235               N.A. N.A. 1,693  1,235
37 T-4 N.A. 134                   N.A. N.A. 1,367  134 

38
Total households within 1/4 mile of high quality transit 
stations and stops 

N.A.               11,456                32,887                 11,799                  64,584                 14,233 HQT stops, FINAL PREFERRED TAZ

39
Total households within 1/2 mile of high quality transit 
stations and stops

N.A.               36,426                66,955                 37,955                102,439                 40,572 HQT stops, FINAL PREFERRED TAZ

Data Source(s) Date Updated

LAND USE [4]

Line

Total developable acres by Uplan Typology type

5/5/2014

DEMOGRAPHICS

Modeling Parameters[1]
2020 2035

2/5/2014

8/8/2014

2/5/2014



ARB SB 375 Evaluation Data Table AMBAG 11/12/2014

ARB_SB375_EvaluationDataTable_8.8.14.xls

2005 2010

(if available) (base year) With Project[2]
Without 

Project[3]
With Project Without Project

Data Source(s) Date UpdatedLine Modeling Parameters[1]
2020 2035

40
Total employment within 1/4 mile of high quality transit 
stations and stops

N.A.               28,680                72,826                 33,082                155,208                 40,211 HQT stops, FINAL PREFERRED TAZ

41
Total employment within 1/2 mile of high quality transit 
stations and stops

N.A.               54,063                99,905                 61,493                213,577               100,513 HQT stops, FINAL PREFERRED TAZ

42
43

44 Freeway or Expressway, Functional Class 2 (lane miles)                    108                     116                      108                        116                       108 RTDM Network

45 Principal Arterials, Functional Class 3 (lane miles)                    746                     749                      749                        767                       749 RTDM Network

46 HOV (lane miles) 0                        -                           -                             -                            -   RTDM Network
47 Minor Arterial, Functional Class 4 (lane miles)                 1,217                  1,259                   1,217                     1,280                    1,217 RTDM Network

48
Major and Minor Collectors, Functional Class 5,6 (lane 

miles)
                1,707                  1,755                   1,713                     1,779                    1,713 RTDM Network

49 Local, Functional Class 7 (lane miles)                 5,647 5,696                                  5,654 5,714                                      5,654 RTDM Network
50 Freeway-Freeway (lane miles) N.A. N.A. N.A. N.A. N.A. RTDM Network

51 Local, express bus, and neighborhood shuttle service miles N.A.                 8,596                12,428                   8,596                  13,325                    8,596 Transit Company Report/Model Assignments

52 Bus rapid transit bus operation miles 0 239 2252 239 2307 239 Transit Company Report/Model Assignments

53 Passenger rail operation miles N.A. 30 65 30 104 30 Transit Company Report/Model Assignments

54 Transit total daily vehicle service hours N.A. 289 436 295 488 308 Transit Company Report/Model Assignments 5/5/2014

55 Bicycle and pedestrian trail/lane miles N.A. 1,068 N.A. 1,068 1,445 1,068

56 Vanpool (total riders per weekday) N.A. 220                  1,535                   1,535                     2,800                    2,800 
N:\GIS_2013\SCS\Post Processing\Van Pool\Vanpool Growth Projections 
for AMBAG 5-17-13.xls

57
58
59 Home-based work N.A.             301,391             324,370              324,370                352,773               352,773 Trip Generation - Balanced P and A
60 Home-based shop N.A.             192,838             209,899              209,899                228,389               228,389 Trip Generation - Balanced P and A
61 Home-based school N.A.             101,094             104,410              104,410                115,501               115,501 Trip Generation - Balanced P and A
62 Home-based university N.A.               24,910                26,155                 26,155                  28,023                 28,023 Trip Generation - Balanced P and A
63 Home-based other N.A.             826,596             898,646              898,646                978,056               978,056 Trip Generation - Balanced P and A
64 Non-home-based work N.A.             186,336             173,289              206,505                187,254               223,148 Trip Generation - Balanced P and A
65 Non-home-based other N.A.             560,304             471,787              612,790                503,421               653,879 Trip Generation - Balanced P and A
66
67 Home-based work N.A.                 10.01                  10.04                   10.04                       9.72                      9.65 Trip Distribution - Trip Length Table
68 Home-based shop N.A.                   4.88                    4.95                     4.93                       4.78                      4.74 Trip Distribution - Trip Length Table
69 Home-based school N.A.                   6.24                    6.60                     6.51                       6.44                      6.38 Trip Distribution - Trip Length Table
70 Home-based university N.A.                 12.24                  10.91                   10.80                     10.69                    10.65 Trip Distribution - Trip Length Table
71 Home-based other N.A.                   5.55                    5.64                     5.61                       5.46                      5.40 Trip Distribution - Trip Length Table
72 Non-home-based work N.A.                   7.29                    7.11                     7.12                       6.76                      6.73 Trip Distribution - Trip Length Table
73 Non-home-based other N.A.                   5.72                    5.61                     5.60                       5.30                      5.26 Trip Distribution - Trip Length Table
74
75 Home-based work N.A. 15.62 15.87 15.89 15.70 15.73 Trip Distribution - Trip Length Table
76 Home-based shop N.A. 8.43 8.60 8.59 8.47 8.45 Trip Distribution - Trip Length Table
77 Home-based school N.A. 10.32 10.91 10.84 10.86 10.87 Trip Distribution - Trip Length Table
78 Home-based university N.A. 19.85 17.81 17.94 17.71 17.98 Trip Distribution - Trip Length Table
79 Home-based other N.A. 9.38 9.59 9.58 9.47 9.44 Trip Distribution - Trip Length Table
80 Non-home-based work N.A. 11.73 11.58 11.63 11.19 11.26 Trip Distribution - Trip Length Table

TRIP DATA [5]

TRANSPORTATION SYSTEM

5/5/2014

5/5/2014

Freeway general purpose lanes –   mixed flow lane miles

   Number of trips by trip purpose

Average peak weekday trip length by trip purpose (miles)

5/5/2014

Average peak weekday travel time by trip purpose (minutes)

2/5/2014

2/5/2014
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ARB_SB375_EvaluationDataTable_8.8.14.xls

2005 2010

(if available) (base year) With Project[2]
Without 

Project[3]
With Project Without Project

Data Source(s) Date UpdatedLine Modeling Parameters[1]
2020 2035

81 Non-home-based other N.A. 9.50 9.42 9.44 9.06 9.07 Trip Distribution - Trip Length Table
82
83
84 SOV (% of trips) N.A. 39.55% 39.94% 39.63% 39.70% 39.37% Peak Mode Choice Sammary - Mode Choice
85 HOV (% of trips) N.A. 43.31% 43.20% 43.28% 42.91% 42.93% Peak Mode Choice Sammary - Mode Choice
86 Transit (% of trips) N.A. 1.98% 1.81% 2.00% 1.81% 1.99% Peak Mode Choice Sammary - Mode Choice
87 Non-motorized (% of trips) N.A. 13.58% 13.56% 13.54% 14.12% 14.19% Peak Mode Choice Sammary - Mode Choice
88 Other (% of trips) N.A. 1.57% 1.49% 1.55% 1.46% 1.52% Peak Mode Choice Sammary - Mode Choice
95
96   SOV  N.A. 7.64 7.74 7.62 7.52 7.35 Trip Distribution - Trip Length Table
97 HOV N.A. 7.21 7.43 7.30 7.33 7.16 Trip Distribution - Trip Length Table
98 Walk N.A. 1.24 1.23 1.23 1.21 1.21 Trip Distribution - Trip Length Table
99 Bike N.A. 4.05 4.07 4.04 4.00 3.94 Trip Distribution - Trip Length Table

100 Transit (In-vehicle Distance) N.A. 5.49 5.53 5.42 5.29 5.17 Trip Distribution - Trip Length Table
101
102   SOV  N.A. 16.291 16.555 16.577 16.407 16.441 Trip Distribution - Trip Length Table
103 HOV N.A. 16.291 16.555 16.577 16.407 16.441 Trip Distribution - Trip Length Table
104 Walk N.A. 31.044 30.795 30.764 30.146 30.124 Trip Distribution - Trip Length Table
105 Bike N.A. 36.488 36.500 36.733 36.052 36.115 Trip Distribution - Trip Length Table
106 Transit (in vehicle) N.A. 16.715 16.385 16.909 16.077 16.622 Trip Distribution - Trip Length Table
107 Transit (Total Time N.A. 69.288 67.156 68.964 65.018 67.143 Trip Distribution - Trip Length Table
108

109
Total VMT per weekday for passenger vehicles (ARB vehicle 
classes of LDA, LDT1, LDT2 and MDV)

        14,769,949       14,340,602        15,508,139         15,966,629           17,857,462          18,200,155 
N:\GIS_2013\SCS\Model Runs\EMFAC\For EIR Final\Updated Model Runs 
4.14\Final EIR GHG Analysis.xlsx

5/5/2014

111
Total II (Internal) VMT per weekday 
for passenger vehicles (miles)

          9,280,857         9,578,815          9,851,238         10,306,613           10,353,836          10,725,849 
N:\GIS_2013\SCS\Model Runs\EMFAC\For EIR Final\Updated Model Runs 
4.14\CO2 VMT Externals Distribution for CARB.xlsx

112
Total IX/XI VMT per weekday 
for passenger vehicles (miles)

          5,047,864         4,421,048          5,244,291           5,246,267             6,948,569            6,918,401 
N:\GIS_2013\SCS\Model Runs\EMFAC\For EIR Final\Updated Model Runs 
4.14\CO2 VMT Externals Distribution for CARB.xlsx

113
Total XX VMT per weekday 
for passenger vehicles (miles)  

             441,229             340,739             412,610              413,750                555,057               555,905 
N:\GIS_2013\SCS\Model Runs\EMFAC\For EIR Final\Updated Model Runs 
4.14\CO2 VMT Externals Distribution for CARB.xlsx

110
Total VMT per weekday for passenger vehicles (ARB vehicle 
classes of LDA, LDT1, LDT2 and MDV) WITH external trips 
reductions [II + (50% of IX/XI)]

        11,804,788       11,789,339        12,473,383         12,929,746           13,828,120          14,185,050 
N:\GIS_2013\SCS\Model Runs\EMFAC\For EIR Final\Updated Model Runs 
4.14\Final EIR GHG Analysis.xlsx

5/5/2014

114
Congested Peak Period  VMT on freeways 
(Functional Class 2, V/C ratios = or > 1.0)

N.A.               63,115                65,304                 73,727                163,675               193,175 
N:\GIS_2013\SCS\PerformanceMeasures\RTDM\CVMT_VOC\FEIR\CVMT_
VOC_=1.0+ _04.29.2014\CongestedVMT_VOC_Summary04.29.14.xlsx

115
Congested Peak Period VMT on all other roadways 
(Functional Class 3,4,5,6,7, V/C ratios  = or > 1.0) 

N.A.               65,348             155,799              201,912                455,301               556,255 
N:\GIS_2013\SCS\PerformanceMeasures\RTDM\CVMT_VOC\FEIR\CVMT_
VOC_=1.0+ _04.29.2014\CongestedVMT_VOC_Summary04.29.14.xlsx

116

117
Total CO2 emissions per weekday for passenger vehicles  
(ARB vehicle classes LDA, LDT1, LDT2, and MDV) (tons)

7,125 6,849 7,389 7,602 8,626 8,794
N:\GIS_2013\SCS\Model Runs\EMFAC\For EIR Final\Updated Model Runs 
4.14\Final EIR GHG Analysis.xlsx

5/5/2014

119
Total II (Internal) CO2 emissions per weekday 
for passenger vehicles (tons)

4,477 4,575 4,694 4,907 5,001 5,183
N:\GIS_2013\SCS\Model Runs\EMFAC\For EIR Final\Updated Model Runs 
4.14\CO2 VMT Externals Distribution for CARB.xlsx

MODE SHARE

TRAVEL MEASURES

CO2 EMISSIONS[6]

Average work trip travel time peak period (in minutes)

   Average weekday trip length (miles)

7/29/2014

5/5/2014

Vehicle Mode Share (Peak Period)

5/5/2014
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2005 2010

(if available) (base year) With Project[2]
Without 

Project[3]
With Project Without Project

Data Source(s) Date UpdatedLine Modeling Parameters[1]
2020 2035

120
IX / XI trip CO2 emissions per weekday 
for passenger vehicles (tons)

2,435 2,111 2,499 2,498 3,356 3,343
N:\GIS_2013\SCS\Model Runs\EMFAC\For EIR Final\Updated Model Runs 
4.14\CO2 VMT Externals Distribution for CARB.xlsx

121
Total XX trip CO2 emissions per weekday 
for passenger vehicles (tons)    

213 163 197 197 268 269
N:\GIS_2013\SCS\Model Runs\EMFAC\For EIR Final\Updated Model Runs 
4.14\CO2 VMT Externals Distribution for CARB.xlsx

118
Total CO2 emissions per weekday for passenger vehicles  
(ARB vehicle classes LDA, LDT1, LDT2, and MDV) (tons) 
WITH external trips reductions [II + (50% of IX/XI)]

5,695 5,630 5,943 6,156 6,679 6,854
N:\GIS_2013\SCS\Model Runs\EMFAC\For EIR Final\Updated Model Runs 
4.14\Final EIR GHG Analysis.xlsx

5/5/2014

122
123 Transportation System Management (TSM) N.A. N.A. N.A. N.A. -0.84% N.A. Technical Documentation for Off-Model Adjustments
124 Transportation Demand Management (TDM) N.A. N.A. N.A. N.A. -0.52% N.A. Technical Documentation for Off-Model Adjustments
125 Increased Work at Home Employees N.A. N.A. N.A. N.A. -0.51% N.A. Technical Documentation for Off-Model Adjustments
126 Active Transportation N.A. N.A. N.A. N.A. -1.61% N.A. Technical Documentation for Off-Model Adjustments
127 Transit System Enhancement Strategies N.A. N.A. N.A. N.A. -0.46% N.A. Technical Documentation for Off-Model Adjustments
128 Total Off-Model Emissions Reductions N.A. N.A. N.A. N.A. -3.94% N.A. Technical Documentation for Off-Model Adjustments
129
130 Total MTP expenditure (Year 2014 $1,000s) N.A. N.A. N.A. N.A. $7,675,076 N.A. MTP Financial Plan, chapter 3 -table 3-2
131 Highways ($1,000s) N.A. N.A. N.A.  $2,121,249 N.A. MTP Financial Plan, chapter 3 -table 3-2
132 Local streets and roads  ($1,000s) N.A. N.A. N.A. N.A. $1,678,977 N.A. MTP Financial Plan, chapter 3 -table 3-2

133
Active Transportation / Transportation System 
Management (TSM) / Transportation Demand 
Management (TDM) ($1,000s)

N.A. N.A. N.A. N.A. $967,893 N.A. MTP Financial Plan, chapter 3 -table 3-2

134 BRT and rail new facilities ($1,000s) N.A. N.A. N.A. N.A. $671,459 N.A. MTP Financial Plan, chapter 3 -table 3-2

135 Transit capital, rehabilitation, and replacement ($1,000s) N.A. N.A. N.A. N.A. $250,605 N.A. MTP Financial Plan, chapter 3 -table 3-2

136 Transit operations ($1,000s) N.A. N.A. N.A. N.A. $1,480,757 N.A. MTP Financial Plan, chapter 3 -table 3-2
137

138
Vehicle operating costs (Used in Truck Model only)
(Year XXXX $ per mile)

N.A.
Light = .14, 
Medium = .23, 
Heavy = .26

Light = .14, 
Medium = .23, 
Heavy = .26

Light = .14, 
Medium = .23, 
Heavy = .26

Light = .14, 
Medium = .23, 
Heavy = .26

Light = .14, 
Medium = .23, 
Heavy = .26

139
Gasoline price (Used in Truck Model only, based on 2010)
(Year XXXX $ per gallon)

N.A.

Light = 3.13, 
Medium = 
3.15, Heavy = 
3.15

Light = 3.13, 
Medium = 3.15, 
Heavy = 3.15

Light = 3.13, 
Medium = 3.15, 
Heavy = 3.15

Light = 3.13, 
Medium = 3.15, 
Heavy = 3.15

Light = 3.13, 
Medium = 3.15, 
Heavy = 3.15

140 Average transit fare (Year XXXX $) N.A.
$2.00 to 
$12.00 by 
mode (2010)

$2.00 to $12.00 
by mode (2010)

$2.00 to $12.00 
by mode (2010)

$2.00 to $12.00 
by mode (2010)

$2.00 to $12.00 
by mode (2010)

141 Parking cost (Year XXXX $) N.A. N.A. N.A. N.A. N.A. N.A.

[1] When reporting $ units, indicate whether they are current dollars, YOE (year of exchange), or other.
[2] This scenario includes modeling of all planned and programmed projects in RTP/SCS for respective calendar year.
[3] This scenario should reflect the MPO's Business as Usual scenario, which for most is what would happen under the MPO's previously adopted RTP for the respective calendar year.
[4] In cases where "TOTAL" land use data is reflective of "GROWTH ONLY", please indicate those instances within the table.

[6] Please provide ARB staff with the EMFAC Input and Output files associated with these outputs.
[5] Please include any other trip type that may be applicable to your region.

2/5/2014

TRANSPORTATION USER COSTS

5/29/2014

INVESTMENT (Billions)

Off Model Emissions Reductions

6/10/2014

7/22/2014
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