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1 Introduction

In 2005, the Metropolitan Transportation Commission (MTC) and Parsons Brinckerhoff, Inc.
(PB) started development of an activity-based travel demand model (Travel Model One) for the
nine-county San Francisco Bay Area using PB’s Coordinated Travel — Regional Activity-Based
Modeling Platform (CT-RAMP). Individual components of the model were transferred from
models previously developed for the San Francisco County Transportation Authority and the
Atlanta Regional Commission (ARC). Transferring these model components to the CT-RAMP
system and to the Bay Area population and transportation environment required extensive
calibration to match the local household travel survey summaries, observed highway counts, and
transit system boardings. This document describes this calibration and validation; the resulting
model system is referred to as version 0.3 of Travel Model One.

After applying and validating the population synthesizer, creating network skimming procedures,
and developing aggregate model targets from the 2000 Bay Area Travel Survey (BATS), the US
Census, transit operator system data, and Caltrans highway count database, the team progressed
through each step in the Travel Model One system in order, adjusting or re-estimating model
parameters until the aggregate outcomes from the model, when applied to the year 2000
synthetic population, matched the targets. Because certain model steps influence the results of
models further up and down the stream, the team cycled through the model system in several
iterations of model re-calibration, achieving increasingly precise matches each time. In the final
iteration, results from highway and transit validations for years 2000 and 2005 were used to
adjust key model components, where the household survey targets were at odds with the results
from the validations, to achieve a compromise that agreed with all sources to the greatest extent
possible.

The remainder of this section gives an overview of the Travel Model One system, model inputs,
skimming procedures, and calibration targets. Section 2 describes the calibration process and
results in detail for each model component. Section 3 presents year 2000 highway and transit
validation results. Section 4 summarizes the validation results for year 2005. Section 5 provides
conclusions and recommended improvements.

1.1  General Model Design

Travel Model One has its roots in a wide array of analytical approaches, including discrete
choice forms (multinomial and nested logit models), activity duration models, time-use models,
models of individual micro-simulation with constraints, entropy-maximization models, etc.
These tools are combined in the model design to realistically represent travel behavior,
adequately replicate observed activity-travel patterns, and ensure model sensitivity to
infrastructure and policies. The model is implemented in a micro-simulation framework. Micro-
simulation methods capture aggregate outcomes through the representation of the behavior of
individual decision-makers. The following section describes the basic conceptual framework at
which the model operates.

1.1.1 Treatment of space

The Travel Model One framework allows for explicit consideration of detailed spatial
information, but the advantages of additional spatial detail must be balanced against the
additional efforts required to develop zone and associated network information at this level of



detail, as well as against the increases in model runtime associated primarily with path-building
and assignment to smaller zones.

Travel Model One uses the existing 1454-zone system developed for MTC’s previous, trip-based
model, and is shown in Figure 1'. The zones are fairly large, which may distort the
representation of transit access in mode choice. To ameliorate this problem, the zones have been
further sub-divided into three categories of transit access, as shown in Table 1. All destination
choice models operate at the sub-zone level (some zones contain only one sub-zone, so the actual
number of sub-zones is less than 1454 times 3). The sub-zone shares are created by buffering
around all transit stops according to the walk distances and computing the percent of zonal area
within the urban footprint within each buffer?. These percentages are then used by assuming an
even distribution of activities across the sub-zone for the purposes of zonal attractiveness.
Finally, the walk access and egress time for the transit alternatives in the mode choice model are
based on the distance defining the sub-zones, while walking to transit is unavailable in the mode
choice model for sub-zones where transit is not within walking distance.

Table 1: Transit Accessibility Sub-Zone Categories

Category Description Distance to Transit
Short walk Within approximately 7 minutes walk to the nearest transit stop Less than 1/3 mile

Long walk Within approximately 13 minutes walk to the nearest transit stop Between 1/3 and 2/3 mile
No transit Not within walking distance to transit More than 2/3 mile

! An interactive TAZ map is available here: http://geocommons.com/maps/58264.

2 An interactive map of the walk shares is available here: http://geocommons.com/maps/62754.
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Figure 1: 1454 TAZ System with County Boundaries




1.1.2 Decision-making units

Decision-makers in the model system are households and persons. These decision-makers are
created (synthesized) for each simulation year based on tables of households and persons from
2000 census data and forecasted TAZ-level distributions of households and persons by key
socio-economic categories. The decision-makers are used in the subsequent discrete-choice
models to select a single alternative from a list of available alternatives according to a probability
distribution. The probability distribution is generated from a logit model which takes into
account the attributes of the decision-maker and the attributes of the various alternatives. The
decision-making unit is an important element of model estimation and implementation, and is
explicitly identified for each model described in the following sections. For more information on
the population synthesis procedure, see Section 1.2.1.

1.1.3 Person-type segmentation

Travel Model One is implemented in a micro-simulation framework. A key advantage of the
micro-simulation approach is that there are essentially no computational constraints on the
number of explanatory variables which can be included in a model specification. However, even
with this flexibility, the model system includes some segmentation of decision-makers.
Segmentation is a useful tool both to structure models and also as a way to characterize person
roles within a household.

A total of eight segments of person-types, shown in Table 2, are used for the MTC model
system. The person-types are mutually exclusive with respect to age, work status, and school
status, and are based on tabulations of the relevant data items from the 2000 US Census Public
Use Microdata Sample (PUMS).

Table 2: Person Types

Number  Person Type Age Work Status School Status
1 Full-time worker” 18+ Full-time None

2 Part-time worker 18+ Part-time None

3 Non-working adult 18 -64 Unemployed None

4 Retired person 65+ Unemployed None

5 College student’ 18+ Any College +

6 Driving age student 16-17 Any Pre-college
7 Non-driving student 6-16 None Pre-college
8 Pre-school child 0-5 None None

* - Full-time employment is defined in the BATS 2000 survey as at least 30 hours/week; part-time is
less than 30 hours/week but works on a regular basis.

T - Approximately 42% of the BATS 2000 college students were also full-time workers; only 1.5% of
college students are less than 18 years of age, and only 2.8% of persons age 16-17 did not attend
school.




1.1.4 Household-type segmentation

Household-type segments are useful for pre-defining certain data items (such as destination
choice size terms) so that these data items can be pre-calculated for each segment. Pre-
calculation of these data items reduces model complexity and runtime. The segmentation is
based on household income, and includes four segments, as shown in Table 3.

Table 3: Household Types and Value of Time Distributions

Lognormal Value Mean Value of

o Household of Time Parameters Time
Description Income . .

(1999 dollars) SD Median (nominal

(log scale) (log scale) scale)

1 Low income $0-30k 0.87 1.41 $6.01

2 Medium income $30-60k 0.87 1.80 $8.81

3 High income $60-100k 0.87 1.96 $10.44

4 Very high income $100k+ 0.87 2.18 $12.86

In the model, the persons in each household are assigned a simulated but fixed “value of time”
that modulates the relative weight the decision-maker places on time and cost. The probability
distribution from which the value of time is sampled was derived from a toll choice model
estimated using data from a stated preference survey performed for the San Francisco County
Transportation Authority’s Mobility, Access, and Pricing Study, and is a lognormal distribution
with a mean that varies by income segment, as shown in the table. The distribution is truncated
so that the maximum value of time is $50 per hour, illustrated by the modeled value of time
distributions in Figure 2. The value of time of children in the household is assumed to be two-
thirds the value for the adults in the household.
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Figure 2: Modeled Value of Time (in 1999 dollars per hour) by Age and Household Income

1.1.5 Activity type segmentation

The 2000 BATS home-interview survey included sixteen different activity codes. Modeling
each of the sixteen activity types would add significant complexity to the model system, so these
detailed activity types are grouped into similar types. The activity types are used in most model
system components, from developing daily activity patterns and to predicting tour and trip
destinations and modes by purpose.

The set of activity types is shown in Table 4. The activity types are also grouped according to
whether the activity is mandatory or non-mandatory and eligibility requirements are assigned
determining which person-types can be used for generating each activity type. The classification
scheme of each activity type reflects the relative importance or natural hierarchy of the activity,
where work and school activities are typically the most inflexible in terms of generation,
scheduling and location, and discretionary activities are typically the most flexible on each of
these dimensions. Each out-of-home location that a person travels to in the simulation is
assigned one of these activity types.



Table 4: Activity Types

Type Purpose Description Classification  Eligibility
1 Work” Working a_t r_e_gular W_orkplace or work- Mandatory Workers and students
related activities outside the home.
2 University College or University Mandatory Age 18+
3 High School Grades 9-12 Mandatory Age 14-17
4 Grade School Grades K-8 Mandatory Age 5-13
5 Escorting Pick-up/drop-off passengers (auto trips ~ Non- Age 16+
only). Mandatory
. . Non- I
6 Shopping Shopping away from home. Mandatory Age 5+ (if joint travel, all persons)
Other Personal business/services and medical ~ Non- o
! Maintenance appointments. Mandatory Age 5+ (if joint travel, all persons)
8 Social/ Recreation, visiting friends/family Non- Age 5+ (if joint travel, all persons)
Recreational ! ' Mandatory '
. . Non- -
9 Eat Out Eating outside of home. Mandatory Age 5+ (if joint travel, all persons)
Other . . Non- e
10 Discretionary Volunteer work, religious activities. Mandatory Age 5+ (if joint travel, all persons)

* - It is not possible to identify regular workplace from other work-related trips in the BATS activity diary; workplace was not
collected during recruitment.

1.1.6 Treatment of time

The model system functions at a temporal resolution of one hour. These one hour increments
begin with 3 am and end with 3 am the next day. Temporal integrity is ensured so that no
activities are scheduled with conflicting time windows, with the exception of short

activities/tours that are completed within a one hour increment. For example, a person may have
a short tour that begins and ends within the 8 am to 9 am period, as well as a second longer tour
that begins within this time period, but ends later in the day.

A critical aspect of the model system is the relationship between the temporal resolution used for
scheduling activities and the temporal resolution of the network assignment periods. Although
each activity generated by the model system is identified with a start time and end time in one-
hour increments, level-of-service matrices are only created for five aggregate time periods —
early am, am peak, midday, pm peak, and evening. The trips occurring in each time period
reference the appropriate transport network depending on their trip mode and the mid-point trip
time. The definition of time periods for level-of-service matrices is given in Table 5.



Table 5: Time periods for level-of-service skims and assignment

Number Description Begin Time End Time
1 Early AM 3:00 AM. 5:59 A.M.
2 AM Peak 6:00 A.M. 9:59 A.M.
3 Midday 10:00 A.M. 2:59 P.M.
4 PM Peak 3:00 P.M. 6:59 P.M.
5 Evening 7:00 P.M. 2:59 A M.

1.1.7 Trip Modes
Table 6 lists the trip modes defined in the MTC models. There are 18 modes, including auto by
occupancy and toll/non-toll choice, walk and bike, and walk and drive access to five different
transit line-haul modes. Note that the pay modes are those that involve paying a choice or
“value” toll. Because drivers have little choice about paying tolls on the area bridges, those are
counted as a cost, but the mode is considered “free”. The number of the mode is given for
reference, as numbers are used to identify modes in the software.

Table 6: Trip Modes for Assignment

Number Mode

1 Auto SOV (Free)

2 Auto SOV (Pay)

3 Auto 2 Person (Free)

4 Auto 2 Person (Pay)

5 Auto 3+ Person (Free)

6 Auto 3+ Person (Pay)

7 Walk

8 Bike

9 Walk-Local Bus

10 Walk-Light-Rail Transit
11 Walk-Express Bus

12 Walk-Bus Rapid Transit
13 Walk-Heavy Rail

14 Drive-Local Bus

15 Drive-Light-Rail Transit
16 Drive-Express Bus

17 Drive-Bus Rapid Transit
18 Drive-Heavy Rail




1.1.8 Basic Design of Travel Model One

The general design of the travel demand model is presented in Figure 3 below. Choices that
relate to the entire household or a group of household members and assume explicit modeling of
intra-household interactions (sub-models 2.2, 3.1, 3.3.1, 3.3.2) are highlighted in green.

The model system uses a synthetic household population as a base input (sub-model 1). Itis
followed by long-term choices that relate to the usual workplace/university/school for each
worker and student (sub-model 2.1), household car ownership (sub-model 2.2), and the
availability of free parking at workplaces (sub-model 2.3).

The daily activity pattern type of each household member (model 3.1) is the first travel-related
sub-model in the hierarchy. This model classifies daily patterns by three types:

1) Mandatory, which includes at least one out-of-home mandatory activity (work or
school);

2) Non-mandatory, which includes at least one out-of-home non-mandatory activity, but
does not include out-of-home mandatory activities; and

3) Home, which does not include any out-of-home activity or travel.

The pattern type sub-model leaves open the frequency of tours for mandatory and non-
mandatory purposes since these sub-models are applied later in the model sequence. Daily
pattern-type choices of the household members are linked in such a way that decisions made by
members are reflected in the decisions made by the other members.

After the frequency (3.2.1) and time-of-day (3.2.2) for work and school tours are determined, the
next major model component relates to joint household travel. This component produces a
number of joint tours by travel purpose for the entire household (3.3.1), travel party composition
in terms of adults and children (3.3.2), and then defines the participation of each household
member in each joint household tour. It is followed by choice of destination (3.3.4) and time-of-
day (3.3.5).

The next stage relates to maintenance and discretionary tours that are modeled at the individual
person level. The models include tour frequency (3.4.1), choice of destination (3.4.2) and time
of day (3.4.3). Next, a set of sub-models relate tour-level details on mode (4.1), exact number of
intermediate stops on each half-tour (4.2) and stop location (4.3). It is followed by the last set of
sub-models that add details for each trip including trip departure time (5.1), trip mode details
(5.2) and parking location for auto trips (5.3). The trips are then assigned to highway and transit
networks depending on the trip mode (5.4).
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1.2 Model Inputs and Calibration Target Data

1.2.1 Inputs

Zonal Data

The aggregate socioeconomic data for each TAZ required by Travel Model One are developed

by the Association of Bay Area Governments (ABAG). The current demographic and

employment inputs to Travel Model One are the total households in each of four income

quartiles, the population in each of five age categories, high school and grade school enrollment,

and the number of jobs in each of six employment categories, by TAZ, as shown in Table 7.
County summaries of zonal demographic and employment data for the year 2000 appear in

Table 8 and Table 9.

Table 7: NAICS-Based Employment Categories in MTC Data Inputs

Label Category NAICS Descriptions

AGREMPN égsr(i)%urgssral & Natural ; ,:\A?rr]ii::ture/Forestry/Fishing/Hunting
22 Utilities

Manufacturing, 31-33  Manufacturing
MWTEMPN  Wholesale Trade &
Transportation 42 Wholesale Trade
48-49  Transportation & Warehousing

RETEMPN Retail Trade 44-45 Retail Trade (excluding Eating & Drinking places)
52 Finance, Insurance
53 Real Estate Rental & Leasing

FPSEMPN g;??/?;;zl & Professional 54 Professional, Scientific & Technical Services
55 Management of Companies & Enterprises
56 Administrative, Support, Waste Management
61 Educational Services
62 Health Care, Social Assistance

HEREMPN ggs:g;til(z)ﬂgfast;?\?geznd 71 Arts, Entertainment, Recreation
72 Accommodation, Food Services
81 Other Services
23 Construction

OTHEMPN Other 51 Information
92 Public Administration
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Table 8: Year 2000 Zonal Demographic Data Summarized by County

Household Income Distribution Person Age Distribution

County Households Persons

$0-30k  $30-60k $60-100k  $100k+ 0-4 5-19 20-44 45-64 65+
San Francisco 329,698 32% 21% 22% 25% 776,733 | 4% 12%  48% 22% 14%
San Mateo 254,107 21% 20% 26% 32% 707,163 | 6% 19% 39% 23% 12%
Santa Clara 565,861 20% 19% 26% 35% | 1,682,585 | 7% 20% 42% 21% 10%
Alameda 523,366 31% 22% 25% 22% | 1443818 | 7% 20% 41% 22% 10%
Contra Costa 344,127 25% 22% 27% 27% 948,816 | 7% 22% 36% 24% 11%
Solano 130,404 30% 26% 28% 16% 394542 | 7% 24% 38% 22% 9%
Napa 45,401 32% 25% 25% 19% 124279 | 6% 21% 33% 24% 15%
Sonoma 172,400 31% 26% 26% 18% 458,614 | 6% 21% 35% 25% 13%
Marin 100,653 22% 20% 23% 35% 247,289 | 5% 16% 35% 30% 14%
All 2,466,017 26% 21% 25% 27% | 6,783,839 | 6% 20% 40% 23% 11%

Table 9: Year 2000 Zonal Employment Data Summarized by County

School Enrollment Employment
County Scmi)gor; College | RETEMPN FPSEMPN HEREMPN OTHEMPN AGREMPN MWTEMPN
San Francisco 28,092 84,356 57,401 208,018 192,884 105,857 1,041 77,300
San Mateo 28,986 25,537 45,918 95,142 94,313 55,948 1,917 93,259
Santa Clara 84,401 141,056 100,563 211,232 247,544 133,698 4,556 346,515
Alameda 65,743 105,837 83,896 144,868 218,409 106,907 1,937 194,130
Contra Costa 46,267 39,723 46,721 89,510 115,930 60,472 2,545 56,105
Solano 22,241 11,723 17,593 18,354 47,009 29,677 2,058 22,040
Napa 6,090 8,044 7,019 8,627 24,146 8,784 3,097 14,688
Sonoma 21,333 31,123 26,883 38,980 72,511 31,035 6,513 45,575
Marin 9,920 10,287 16,628 36,861 43,258 22,748 810 13,801
All 313,072 457,686 402,622 851,592 1,056,004 555,126 24,474 863,413

The zonal data also includes transportation and land use characteristics, such as the estimated
parking cost, auto terminal time, and the land areas devoted to different uses. Each zone is also
categorized into one of six area types. The area type is based on area density according to Table
10 where

Area Density = (Total Population + 2.5 * Total Employment) / (Residential Acres + Commercial/Industrial Acres).
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Table 10: Zonal Area Type Definitions

Area Type Description Area Density

0 Regional Core > 300
1 CBD 100 - 300
2 Urban Business 55-100
3 Urban 30-55
4 Suburban 6-30
5 Rural <6

A map of the zonal area types appears in Figure 4°,

® An interactive area type map is available here: http://geocommons.com/maps/58712.



http://geocommons.com/maps/58712

Legend
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B urban Business District
[ urban
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Figure 4: Zonal Area Type Map
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Synthetic Population

A synthetic population is created using a modification of the open source PopSyn software
originally designed for Atlanta Regional Commission (ARC). The population synthesizer takes
as input Census data and zonal-level and regional marginal distributions of households by
various characteristics that are used as controls which the synthetic population is attempts to
match.

The population synthesizer first develops a “base year” population distribution using year 2000
Census data. A set of controlled-for attributes are defined, and Census Summary File 1,
Summary File 3, and the Census Transportation Planning Package information is used to develop
single and multi-dimensional distributions of these attributes. These attributes include:

Householder age

Household size

Household income

Presence of children in household
Number of workers in household
Number of units in household structure
Population group quarters type

Once this distribution is established, the population synthesis tool samples PUMS records to
create a fully enumerated representation of the population. The 2000 PUMS data are tabulated
based on the variables above to generate a seed distribution with seven dimensions and 304 cells.
This seed distribution is then adjusted using iterative proportional fitting (IPF) to a set of
marginal control totals for one or more of the dimensions. For the base-year application, those
control totals are derived entirely from 2000 Census data tabulated at the block-group level and
converted to the TAZ-level.

When controlling to these base-year marginals, the IPF produces a base-year seed distribution for
the 304 categories. This new seed distribution is then adjusted through a second IPF process to
match a set of “forecast year” marginal control totals. For the forecast years, a more limited set
of control totals is available in the TAZ data files. Households are drawn from the PUMS
sample to fill this integer distribution and create the synthetic population.

The population synthesizer was implemented to generate populations representing residents of
the entire Bay Area. Table 11 shows the population synthesizer validation results for the 9-
County area. The validation results compare the synthesized population to Census data or to the
TAZ data at a PUMA level. All values are expressed as a percent of the total population, unless
the category label indicates that it is a total. Note that not all categories in the validation tables
are controlled for, and it is expected that any controlled categories will fit better than
uncontrolled categories.
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Table 11: Population Syn. PUMA-level Year 2000 Validation Results for Nine-County Bay Area

Label Pop Syn % Census % Mean Std. Min. Max.
Diff. %  Dev. % Diff. %  Diff. %
TOTAL: Households 2,466,190 2,465,600 -0.1 25 -8.9 14.3
Family households 64.5 64.7 0.4 3.6 -6.4 9.6
Nonfamiliy households 355 35.3 0.4 8.1 -30.4 22.7
Households w/ householder age 15-64 81.6 81.6 0.0 04 -1.0 1.2
Households w/ householder age 65+ 18.4 18.4 -0.2 1.8 -4.7 3.8
Households w/ 5+ persons 12.0 12.6 -3.9 8.2 -20.8 24.6
Households w/ 0 workers 20.1 218 -7.8 13.6 -42.7 31.0
Households w/ 3+ workers 9.9 9.1 10.6 18.3 -41.7 69.6
Households w/ income $100k+ 27.8 26.9 4.0 2.6 0.8 14.7
TOTAL: Persons in households 6,533,110 6,639,830 -15 3.4 -12.9 10.3
Persons in family households 81.9 82.0 0.2 16 -2.5 6.3
Persons in nonfamily households 18.1 18.0 04 7.1 -19.2 21.9
TOTAL: Persons 6,672,830 6,782,620 -1.6 35 -12.9 10.8
Males 49.5 49.8 -0.7 1.3 -3.8 2.0
Females 50.5 50.2 0.7 13 -1.9 4.3
Persons age 65+ 11.0 11.2 -1.5 31 -10.2 5.4
TazData: TOTAL: Households 2,466,190 2,466,200 0.0 0.1 -0.2 0.3
TazData: Households in single-family dwelling units 63.1 63.1 0.5 2.1 -1.1 9.8
TazData: Households in multi-family dwelling units 36.9 36.9 0.3 0.9 -1.7 35
TazData: Households w/ 5+ persons 12.0 114 5.0 12.1 -29.5 28.2
TazData: Households w/ 0 workers 20.1 20.1 0.0 1.6 -8.2 2.6
TazData: Households w/ 3+ workers 9.9 9.9 0.0 1.2 -4.1 2.7
TazData: Households w/ Income $100k+ 27.8 27.8 0.2 1.3 -1.2 5.9
TazData: Households w/ householder age 65+ 18.4 18.4 -0.1 1.7 -4.8 4.1
TazData: TOTAL: Persons 6,672,830 6,764,730 -1.2 2.5 -6.0 6.5
TazData: Persons in households 97.9 97.9 0.0 0.4 -0.1 2.7
TazData: Persons in group quarters 2.1 2.1 0.2 5.6 -30.8 6.1
TazData: Persons age 65+ 11.0 11.2 -1.5 31 -9.3 54
TazData: TOTAL: Employed residents 3,389,000 3,394,820 -0.1 15 -2.3 5.8
TazData: Employed residents in households 99.4 99.4 0.0 0.0 -0.1 0.1
TazData: Employed residents in group quarters 0.6 0.6 -3.5 20.5 -100.0 22.7

Networks

The highway network in the model contains all facilities with a functional classification of

collector or higher (see Figure 5). The volume delay-functions for the highway network are

based on a lookup table of Area Type and Facility Type, which is similar to a functional

classification as shown in Table 12. High Occupancy Vehicle (HOV) and High Occupancy /

Toll (HOT) lanes — the latter of which does not exist in the base years 2000 and 2005 — are
modeled as separate network links, parallel to the link representing general purpose lanes.

The network file that is input to the beginning of the model stream contains attributes that are
generic to the five time periods. During a model run, this network is split into five copies, and a
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series of TP+ scripts make time-period-specific changes, such as setting tolls, changing the
number of lanes on reversible facilities, and adding prescribed time delays to bridge toll plazas.
These time-specific networks are then used for skimming and assignment for the five separate
time periods.

Table 12: Facility Type Definitions

Facility Type  Description

1 Freeway-to-freeway connector
Freeway

Expressway

Collector

Ramp

Centroid connector

~N o o B~ WD

Major arterial

MTC also maintains a set of transit line files which contain the routing, access, and fare
information for each transit line and each transit provider in the region. The transit data also
includes auxiliary data, such as park and ride nodes, data showing to which highway links the
park and ride nodes connect, and walk funnel links from park and ride nodes to corresponding
station platforms. These auxiliary links and nodes are demonstrated in Figure 6. Before each
model run, walk access links are generated from zone centroids to each transit stop within %
mile, and drive access links are generated to the four closest park and ride lots to each zone. In
addition, drive access “kiss and ride” links are generated to each bus stop within % mile, but
these drive access links can be used only for local bus boardings.

The transit lines are divided into five modal groups: local bus, light rail/ferry, express bus, heavy

rail, and commuter rail. Table 13 shows the correspondence between transit providers, and the
mode codes for the different types of the auxiliary transit links.
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Figure 6: Auxiliary Transit Network Links

Table 13: Transit Network Modes

Network

Mode Name Aggregate Mode
1 Walk access connectors Auxiliary
2 Drive access connectors Auxiliary
3 Stop-to-Stop and Stop-to-Station Aux nodes Auxiliary
4 Drive access walk funnel (lot) links Auxiliary
5 Walk access walk funnel links Auxiliary
6 Walk egress connectors Auxiliary
7 Drive egress connectors Auxiliary
8 Not Used Auxiliary
9 Not Used Auxiliary
10 West Berkeley Local

11 BWS Local

12 Emery Local

13 Stanford Shuttles Local

14 Caltrain Shuttles Local

15 VTA Shuttles Local

16 Palo Alto/Menlo Park Local

17 Wheels Ace Shuttles Local

18 Amtrak Shuttles Local

19 reserved Local

20 MUNI Cable Cars Local

21 MUNI Richmond Dist Local

22 MUNI Mission Bayshore Local

23 MUNI other Local

24 SamTrans Coastal Local

25 SamTrans North Bayside Local

26 SamTrans South Bayside Local
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Network

Mode Name Aggregate Mode
27 SamTrans Intercity Local
28 SCVTA-Local Local
29 SCVTA-Limited Local
30 AC Local North Local
31 AC Local South Local
32 AC Fremont/Newark Local
33 LAVTA-Dublin Local
34 LAVTA-Pleasanton Local
35 LAVTA-Livermore Local
36 LAVTA-Intercity Local
37 reserved Local
38 Union City Local
39 reserved Local
40 AIrBART Local
41 reserved Local
42 CCCTA-Local Local
43 reserved Local
44 Tri-Delta Local
45 reserved Local
46 WestCat Local
47 ML30Z Local
48 reserved Local
49 Vallejo-Local Local
50 Vallejo-BARTIink Local
51 reserved Local
52 Fairfield-local Local
53 Fairfield-CityLink Local
54 Fairfield-BARTIink Local
55 American Canyon Local
56 Vacaville Local
57 reserved Local
58 Benicia Local
59 reserved Local
60 NVT Local
61 Vine Local
62 reserved Local
63 Sonoma-Local Local
64 Sonoma-Intercity Local
65 reserved Local
66 Santa Rosa Local
67 reserved Local
68 Petaluma Local
69 reserved Local
70 GGT SF Ferry feeder Local
71 GGT Ferry feeder Local
72 GGT Marin/Sonoma Local
73 GGT Richmond Local
74-78 reserved Local
79 Oakland Airport Connector Local
80 SamTrans Express Express
81 SCVTA-Express Express
82 DB X Express
83 reserved Express
84 AC Transbay Express
85 reserved Express
86 CCCTA-Express Express
87 GGT SF Express
88-99 reserved Express
100 East Bay Ferries Ferry
101 GGT Larkspur Ferry Ferry
102 GGT Sausalito Ferry
103 Tiburon Ferry Ferry
104 Vallejo Ferries Ferry
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Network

Mode Name Aggregate Mode
105 reserved LRT

106 reserved LRT

107 MUNI Metro LRT

108 SCVTA-LRT LRT

109 reserved LRT

110 BART Heavy Rail
111-119 reserved Heavy Rail
120 Caltrain Commuter Rail
121 Amtrak-CAP Commuter Rail
122 Amtrak-SJQ Commuter Rail
123 ACE Commuter Rail
124 DB Rail Commuter Rail
125-129 reserved Commuter Rail

Level-of-Service Matrices

Travel Model One runs in several iterations, with network supply conditions feeding back to the
demand models to reach an equilibrium between highway and transit levels of service and the
decision-makers’ response to the options available to them. The method through which this
feedback is achieved is through network skims. After the highway assignment (at the end of
each iteration), auto and bus travel times on the highway network are fed back to the beginning
of the model system, and the minimum generalized cost path is determined between each pair of
zones for each mode — and each combination of walk and drive access and egress, in the case of
transit. Characteristics of these shortest paths such as the travel time, in-vehicle time on different
modes, fares and tolls, number of transfers are stored as TP+ matrices that are read in by the
demand models.

In future year scenarios, the initial skims for the first iteration are obtained by performing a
highway assignment with the scenario networks and so-called “warm start” trip tables. For the
year 2000 calibration, the highway skims were taken from the loaded network output by MTC’s
trip-based model. Table 14 describes the skimming procedures for the different modes. For the
highway modes, separate free and pay paths are constructed for each vehicle occupancy (where
free paths basically “turn off” all non-bridge toll lanes). Transit paths are built for each line-haul
mode, including local bus, light rail/ferry, express bus, heavy rail, and commuter rail.

Because the best transit path available often involves transfers, we must allow combinations of
sub-modes in the transit paths. In order to keep the separation of transit line-haul modes well
defined, transit skims are based on a modal hierarchy in which modes that are ranked lower in
the hierarchy may be used as feeder modes to modes ranked higher. In order to reveal a path that
contains the primary sub-mode whenever it is available, the perceived travel time on feeder
modes is weighted at 1.5 times the time on the line-haul model in the generalized cost function.
If the path found during this biased search does not contain any travel on the line-haul mode, the
sub-mode is considered unavailable in mode choice.
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Table 14: Skimming Procedures by Mode

Mode

Skims

Drive-alone free

Drive-alone pay

Shared-2 free

Shared-2 pay

Shared-3+ free

Shared-3+ pay

Walk

Bike

Walk-Local

Walk-LRT/Ferry

Walk-Express

Walk-BART

Walk-Commuter Rail

Drive-Local

Drive-LRT/Ferry

Drive-Express

Drive-BART

Drive-Commuter Rail

All general purpose lanes available. HOV lanes, HOT lanes, and toll lanes unavailable.
Toll bridges are available.

All general purpose lanes and toll lanes are available. HOV lanes are unavailable. HOT
lanes are available for the SOV toll rate. Toll bridges are available.

All general purpose lanes available. 2+ occupancy HOV lanes available. Toll lanes
unavailable. HOT lanes where 2+ occupant vehicles go free are available. Toll bridges are
available.

All general purpose lanes available. 2+ occupancy HOV lanes and HOT lanes where 2+
occupant vehicles go free are available for free. Toll lanes and HOT lanes where 2-
occupant vehicles are tolled at the 2-occupant toll rate. Toll bridges are available.

All general purpose lanes available. 2+ and 3+ occupancy HOV lanes available. Toll lanes
unavailable. HOT lanes where 2+ or 3+ occupant vehicles go free are available. Toll
bridges are available.

All general purpose lanes available. 2+ and 3+ occupancy HOV lanes and HOT lanes where
2 or 3+ occupant vehicles go free are available for free. Toll lanes and HOT lanes where 3+
occupant vehicles are tolled at the 3+ occupant toll rate. Toll bridges are available.

Highway distance, excluding freeways, but allowing select bridges with sidewalks

Highway distance, excluding freeways, but allowing select bridges with bike lanes

Local Bus by walk access/egress

LRT/Ferry by walk access/egress. Local bus included as a feeder mode.

Express bus by walk access/egress. Local bus, LRT/Ferry included as feeder modes.

BART by walk access/egress. Local bus, LRT/Ferry, and express bus included as feeder

modes.

Commuter Rail by walk access/egress. Local bus, LRT/Ferry, express bus, and BART
included as feeder modes.

Local Bus by drive access/walk egress

LRT/Ferry by drive access/walk egress. Local bus and express bus included as feeder
modes.

Express bus by drive access/walk egress. Local bus, included as a feeder mode.

BART by drive access/walk egress. Local bus, LRT/Ferry, and express bus included as
feeder modes.

Commuter Rail by drive access/walk egress. Local bus, LRT/Ferry, express bus, and BART
included as feeder modes.

An additional set of generic transit skims is also used where the sub-mode is unknown. These
generic transit skims are generated by allowing all sub-modes and weighing the perceived travel
time on each sub-mode equally. The primary use of the generic transit skims are in the zonal
accessibility calculations, the subject of the next section.



Zonal Accessibility Calculations

After the skim matrices are generated, a measure of the accessibility of each zone is calculated
for three generic modes: auto, walk-transit, and non-motorized. The zonal accessibility is a
measure of the ease with which one can reach destinations of interest using only the given travel
mode. The accessibility of zone i is a simplified destination choice logsum defined as follows:

Accessibility; = log( D" A, -exp(-0.05-T, )

jeZones

where T is the perceived travel time from zone i to zone j, A; is the number of attractions (jobs
of a certain category) in zone j.

The zonal accessibility is calculated for both total and retail employment, with both am peak and
midday skims. The auto skim is for drive alone, the transit skim is the generic walk-transit skim,
and the non-motorized skim is the walk distance skim converted to travel time — assuming a
uniform walk speed of three miles per hour.

The difference between automobile and transit accessibilities is a key input to the automobile
ownership model. Geographic plots of midday (or “off-peak”) accessibility to all employment
for automobile, transit, and non-motorized modes appear in Figure 7 through Figure 10. The
thematic mapping color ramp is presented on the same scale in each plot, so the levels are
comparable. However, an additional automobile accessibility plot has been provided (Figure 8),
with accessibility expressed as a percent of the maximum automobile accessibility, in order to
reveal the differentiation of accessibility by zone.

The automobile accessibility does not vary much by zone because many destinations are
reachable from each zone by car. On the other hand, transit accessibility varies greatly
depending on the number of routes, speed, and frequency of transit service at the origin zone.
Some locations have no transit accessibility. The non-m