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TRANSIT COOPERATIVE RESEARCH PROGRAM

The nation’s growth and the need to meet mobility, environmental,
and energy objectives place demands on public transit systems. Current
systems, some of which are old and in need of upgrading, must expand
service area, increase service frequency, and improve efficiency to serve
these demands. Research is necessary to solve operating problems, to
adapt appropriate new technologies from other industries, and to intro-
duce innovations into the transit industry. The Transit Cooperative
Research Program (TCRP) serves as one of the principal means by
which the transit industry can develop innovative near-term solutions
to meet demands placed on it.

The need for TCRP was originally identified in TRB Special Report
213—Research for Public Transit: New Directions, published in 1987
and based on a study sponsored by the Urban Mass Transportation
Administration—now the Federal Transit Administration (FTA). A
report by the American Public Transportation Association (APTA),
Transportation 2000, also recognized the need for local, problem-
solving research. TCRP, modeled after the longstanding and success-
ful National Cooperative Highway Research Program, undertakes
research and other technical activities in response to the needs of tran-
sit service providers. The scope of TCRP includes a variety of transit
research fields including planning, service configuration, equipment,
facilities, operations, human resources, maintenance, policy, and
administrative practices.

TCRP was established under FTA sponsorship in July 1992. Pro-
posed by the U.S. Department of Transportation, TCRP was autho-
rized as part of the Intermodal Surface Transportation Efficiency Act
of 1991 (ISTEA). On May 13, 1992, a memorandum agreement out-
lining TCRP operating procedures was executed by the three cooper-
ating organizations: FTA, the National Academies, acting through the
Transportation Research Board (TRB); and the Transit Development
Corporation, Inc. (TDC), a nonprofit educational and research orga-
nization established by APTA. TDC is responsible for forming the
independent governing board, designated as the TCRP Oversight and
Project Selection (TOPS) Committee.

Research problem statements for TCRP are solicited periodically but
may be submitted to TRB by anyone at any time. It is the responsibility
of the TOPS Committee to formulate the research program by identi-
fying the highest priority projects. As part of the evaluation, the TOPS
Committee defines funding levels and expected products.

Once selected, each project is assigned to an expert panel, appointed
by the Transportation Research Board. The panels prepare project state-
ments (requests for proposals), select contractors, and provide techni-
cal guidance and counsel throughout the life of the project. The process
for developing research problem statements and selecting research
agencies has been used by TRB in managing cooperative research pro-
grams since 1962. As in other TRB activities, TCRP project panels serve
voluntarily without compensation.

Because research cannot have the desired impact if products fail
to reach the intended audience, special emphasis is placed on dissemi-
nating TCRP results to the intended end users of the research: tran-
sit agencies, service providers, and suppliers. TRB provides a series
of research reports, syntheses of transit practice, and other support-
ing material developed by TCRP research. APTA will arrange for
workshops, training aids, field visits, and other activities to ensure
that results are implemented by urban and rural transit industry
practitioners.

The TCRP provides a forum where transit agencies can cooperatively
address common operational problems. The TCRP results support and
complement other ongoing transit research and training programs.
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FOREWORD

By Dianne S. Schwager
Staff Officer
Transportation Research Board

TCRP Report 158: Improving ADA Paratransit Demand Estimation: Regional Modeling pro-
vides a sketch planning model and regional models to (1) improve the ability of metropolitan
planning organizations and transit operators to estimate the probable future demand for ADA
complementary paratransit service; and (2) predict travel by ADA paratransit-eligible individu-
als on all modes, not just ADA paratransit. All model parameters and coefficients are contained
in this report and a fully implemented version is available on the enclosed CD-ROM. This report
will be of interest to regional, state, and federal agencies that oversee, plan, or finance public
transportation; public transportation systems that provide ADA complementary paratransit
services; and advocates for people with disabilities.

The models presented in TCRP Report 158 advance the state of the art in understand-
ing travel by people with disabilities, in particular travel via ADA paratransit. The research
demonstrates how the travel of people with disabilities can be explicitly treated in regional
travel demand models.

Both models developed in this research build on the research presented in TCRP Report 119:
Improving ADA Complementary Paratransit Demand Estimation and permit more detailed
forecasts and deeper understanding of the travel behavior of ADA paratransit-eligible people.

o A sketch planning model allows planners to enter a small number of variables by means of
a spreadsheet interface and explore how these variables affect predicted trip-making on
ADA paratransit and other modes in the Dallas-Fort Worth area.

o A regional planning model (actually a system of multiple models) produces forecasts of
travel by ADA paratransit-eligible people, with detail about numbers of trips by mode
(ADA paratransit, other specialized service, car passenger, car driver, scheduled transit,
and walk/wheelchair), by trip purpose, and by destination.

The models presented in this report are based on analysis of a survey of 800 users of ADA
paratransit service operated by Dallas Area Rapid Transit (DART) and the Fort Worth Trans-
portation Authority (FWTA), combined with the regional travel demand model of the North
Central Texas Council of Governments (NCTCOG) and Census tract data for the same area.
The survey obtained detailed information about actual trips made by ADA paratransit riders—
notjust on ADA paratransit but also on other specialized services, by private car as a passenger or
driver, on scheduled transit, and walking or going by wheelchair. The resulting models explain
observed ADA paratransit trip-making on the basis of socio-economic data (e.g., income, age
distribution, and household size), travel times, and jobs of various types.
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CHAPTER 1

Summary

The Americans with Disabilities Act of 1990 (ADA) created a requirement for ADA-
complementary paratransit service for all public transit agencies that provide fixed-route
transit service. ADA-complementary paratransit service is intended to complement the fixed-
route service and serve individuals who, because of their disabilities, cannot use the fixed-
route transit system. In fulfilling their ADA obligations, transit operators have a responsibility
to consider current and probable future demand for ADA-complementary paratransit service
and to plan and budget to meet all of the expected demand.

The models described in this report are intended to improve the ability of metropolitan
planning organizations (MPOs) and transit operators to estimate the probable future demand
for ADA-complementary paratransit service. At the same time, the models predict travel by
ADA-paratransit-eligible individuals on all modes, not just ADA paratransit.

Previous Work—Phase |

The research project on which this report is based is the second phase of a project that already
produced an earlier set of demand estimation tools, described in TCRP Report 119: Improving
ADA Paratransit Demand Estimation. The tools described in TCRP Report 119 estimate total
ADA paratransit demand for entire transit service areas based on six variables:

ADA paratransit service area population

Base fare for ADA paratransit

Percent of applicants for ADA paratransit eligibility found conditionally eligible

Whether or not trip-by-trip eligibility determination based on conditions of eligibility
is used

B

N

Percent of service area population with household incomes below the poverty line
The effective window used to determine on-time performance (i.e., the window from the

a

passenger’s point of view, including requirements to be ready early and adjustments made in
the scheduling process that may not be communicated to passengers)

The TCRP Report 119 tools were based on statistical analysis of demand at 28 transit sys-
tems believed to offer high-quality ADA paratransit service complying with ADA require-
ments, although the Report 119 tools might not necessarily meet the expectations of all users.
To apply the TCRP Report 119 tools, a planner needed only six data items, which could
be entered into a ready-made spreadsheet that produced total expected ADA paratransit
demand for a service area.

Copyright National Academy of Sciences. All rights reserved.
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Phase Il Research

Compared to the TCRP Report 119 tools, the models developed in this research are intended
to permit more detailed forecasts and to deepen understanding of the travel behavior of ADA
paratransit-eligible people. Two models were produced:

o A sketch planning model, which allows a planner to enter a small number of variables by means
of a spreadsheet interface and explore how these variables affect predicted trip-making on
ADA paratransit and other modes in the Dallas-Fort Worth area. Although these forecasts
are limited to the Dallas-Fort Worth area where data was collected to estimate the models,
they allow exploration of hypothetical changes in age profile, income, household size, travel
times, on-time performance, and fares within the Dallas-Fort Worth area. The sketch plan-
ning model is limited to predictions of travel by people already registered as eligible to use
ADA paratransit.

o A regional planning model (actually a system of multiple models) that can be adapted to
provide forecasts tailored to conditions in other metropolitan areas. This model system also
includes the effects of changes in demographic and travel variables on registration (applica-
tion and determination of eligibility) to use ADA paratransit. Used in conjunction with an
existing regional travel demand model, the new model system produces forecasts of travel by
ADA paratransit-eligible people, with detail about numbers of trips by mode (ADA paratransit,
other specialized service, car passenger, car driver, scheduled transit, and walk/wheelchair), by
trip purpose, and by destination.

To apply the regional planning model system to another area, planners will need census-
tract-level socioeconomic data, employment data by census tract or travel analysis zone
(TAZ), and matrices of zone-to-zone travel times and distances for whatever year a forecast
is desired. It would also be necessary to incorporate differences in the characteristics of the
ADA paratransit-eligible population. This could be done by collecting new survey data on the
local ADA paratransit-eligible population or by adjusting “expansion weights” in the Dallas-
Fort Worth sample to match the local ADA-eligible population. The latter could be done
with any data that the local operator has on the riders (probably just age distribution), as
well as census comparisons of regional demographic distributions with those in Dallas-Fort
Worth, such as adjusting the percentage below poverty rate. Without such data, the regional
planning model can still be used for exploratory analysis, but is limited to the Dallas-Fort
Worth region.

These models advance the state of the art in understanding travel by people with disabilities,
in particular by ADA paratransit. The research demonstrates how the travel of people with dis-
abilities can be explicitly treated in regional travel demand models. However, due to data limita-
tions, the models were only calibrated on the basis of total ADA paratransit trip-making. It was
not possible to calibrate on the basis of geographic distribution, travel by other modes, or trip
purpose distribution. These are significant limitations, but of less practical concern than might
be imagined. ADA paratransit services are planned on the basis of total demand within a service
area. Because the service is purely demand responsive within the established service area, origins
and destinations (and routes of travel) vary from day to day and are not usually a major factor
in planning. By law, trip purpose cannot be a factor in service delivery.

Both models are based on analysis of a survey of 800 users of ADA paratransit service operated
by Dallas Area Rapid Transit (DART) and the Fort Worth Transportation Authority (FWTA),
combined with the regional travel demand model of the North Central Texas Council of Gov-
ernments (NCTCOG) and census-tract data for the same area. The survey obtained detailed
information about actual trips made by ADA paratransit riders not just on ADA paratransit but
also on other specialized services, by private car as a passenger or driver, on scheduled transit,

Copyright National Academy of Sciences. All rights reserved.
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and walking or going by wheelchair. For each trip, respondents provided trip purpose, mode of
travel, trip duration, and exact point of origin and destination. The NCTCOG model provided
data about travel times between zones in the region, as well as the number of jobs of various
types in each zone, which serve as an indicator of the activities available in each zone that would
attract trips.

The resulting models explain observed ADA paratransit trip-making on the basis of socioeco-
nomic data for each census tract (e.g., income, age distribution, and household size), travel times
between analysis zones, and jobs of various types in each zone.

In keeping with the intent of the ADA law and regulations, the forecasts of ADA para-
transit ridership correspond to service that complies with requirements for level of service. The
methods are also designed to exclude demand for services that exceed requirements for ADA-
complementary paratransit. Of particular importance, demand is predicted only for service by
ADA-eligible individuals, for trips within 3/4 of a mile of fixed-route service, based on reserva-
tions taken at least 1 day in advance. Demand is predicted for service that is not capacity con-
strained by significant numbers of denials, unreliable service, or excessive telephone wait times
to reach a reservationist.

Evidence about Planning and Policy Issues

The models and the survey data provide limited evidence about planning and policy issues
connected with ADA paratransit, including several questions about demand for ADA paratransit
raised by TCRP Report 119.

Aging of the Population

It is widely anticipated that increasing numbers of older people will lead to growing demand
for ADA paratransit. A recent report for the American Public Transportation Association esti-
mated that, compared to levels in 2010, the demand for ADA paratransit by people age 65 and
older will grow by 32% in the next 10 years and by 76% in the next 20 years. By comparison,
the census population projections used in the report indicate that total population in urbanized
areas will grow by just 17% in 10 years and 39% in 20 years. That analysis implied that the ADA
paratransit demand would grow much faster than the population because of increasing numbers
of older people.

However, TCRP Report 119 did not find any connection between ADA paratransit demand
and the size of the older population in a transit area. Several measures of the size of the older
population were tested in the analyses for TCRP Report 119 and none of them were found to be
statistically significant. Instead, ADA paratransit demand was found to be proportional to the
total population of an area after adjusting for differences in fares, poverty rates, and eligibility
screening processes.

The model of registration rate and the models of tour generation and mode choice include
age variables. To test what effect the models predict for an older population, the model system
was run with a 10% increase in the fraction of the population over age 60. Also the proportion
of ADA paratransit registrants age 60 and older was assumed to increase by 10%. The results of
this test were

ADA paratransit trips per registered person: ~ —3.9%
Number of registered persons: +1.8%
Total ADA paratransit trips: -2.2%

Copyright National Academy of Sciences. All rights reserved.
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Trips per person registered for ADA paratransit would decline, which corresponds with the
experience of ADA paratransit operators that older people travel less than younger people, while
the number of registered people would increase, which corresponds to the fact that older people
are more likely to have disabilities than younger people. The drop in trips per registered person
is much larger than the increase in registered persons, so a 10% increase in the senior population
would create a 2.2% reduction in total ADA paratransit trips.

Effect of Incomes and Poverty

TCRP Report 119 found that transit systems serving areas with higher poverty rates had much
lower demand per capita than transit system service areas with lower poverty rates, all else being
equal. This finding surprised some observers, given that people with lower incomes have fewer
travel options and so would tend to be more dependent on ADA paratransit. The report theo-
rized that the apparent effect of poverty rate on ADA paratransit reflects differences among
communities rather than differences among individuals. For example, if communities with high
poverty rates have fewer activities available, fewer shopping opportunities, and fewer services in
general than other communities, then high poverty rates would be expected to depress demand
for all types of travel, including ADA paratransit.

The model of registration rate and the models of tour generation and mode choice include
income variables. To test what effect the models predict for a population with a reduced poverty
rate, the model system was run with a 10% decrease in the fraction of the households below the
poverty rate and with a 10% increase in median income in each census tract. Also the propor-
tion of poverty-level ADA paratransit registrants was assumed to decrease by 10%. The results
of this test were

ADA paratransit trips per registered person: ~ +4.1%
Number of registered persons: -5.8%
Total ADA paratransit trips: -1.8%

Trips per registered person would increase, which reflects the fact that the models predict more
trips overall with higher incomes as well as more trips by ADA paratransit. However, the number
of registered persons would decline more, since the registration rate model found that poverty rate
and registration rate are correlated, while higher median incomes go with lower registration rates.
Opverall, the models predict that higher incomes would reduce ADA paratransit travel slightly.
Most of the predicted effect comes from a decreased registration rate, which is consistent with the
well-established two-way connection between lower incomes and higher rates of disability.'

This finding of more ADA paratransit travel with reduced poverty rate is based on an assump-
tion that incomes would rise within the Dallas-Fort Worth area, so it is not directly comparable
to the finding of TCRP Report 119 about differences among communities. Also, it does not take
into account the possibility that a general community-wide rise in incomes would result in
changes in available activities and services in the community.

Household Size

The effect of household size has not previously been a topic of discussion in connection
with ADA paratransit demand, but household size is commonly included in regional travel
models. Household size might be expected to decline in the future with a higher percentage

"Elwan, Ann, 1999. “Poverty and Disability: A Survey of the Literature, SP Discussion Paper N0.9932,” World Bank.
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of older people, including many women who have outlived their spouses and more women
raising children alone. People who live alone may make more trips because they cannot
delegate activities to others. On the other hand, people with disabilities who live with others
may make more trips because they have someone to assist them, accompany them, or provide
rides for them. But while they might make more trips overall, they might make fewer trips
using ADA paratransit. In general, the smaller the household, the fewer the opportunities
for getting rides.

The model of registration rate and the models of tour generation and mode choice include
variables related to household size. For convenience, the effect of larger rather than smaller
households was tested. The model system was run with a 10% decrease in the fraction of sin-
gle-person households and with a 10% increase in average household size in each census tract.
Also the proportion of ADA paratransit registrants in single-person households was assumed to
decrease by 10%. The results of this test were

ADA paratransit trips per registered person:  +1.0%
Number of registered persons: -5.3%
Total ADA paratransit trips: —4.4%

The results are opposite in direction from the result for an aging population, but with a much
larger drop in registered persons and a much smaller increase in trips per registered person,
leading to a significant drop in ADA paratransit trips.

Sensitivity to Fares

TCRP Report 119 found a fare elasticity of demand for ADA paratransit of —0.77, meaning
that a 10% difference in fares corresponds to a 7.7% difference in demand in the opposite
direction. In other words, if one system has 10% higher fares than a second system, it will
have 7.7% lower demand on average, all else being equal. Given that the analysis was based
on comparison of ADA paratransit in different areas, that is all the results imply. They do not
say whether such a strong effect applies to fare changes within one ADA paratransit system. In
fact, other analysis of fares and ridership in ADA paratransit systems has produced evidence
that the actual fare elasticity of ADA paratransit demand is much lower. An analysis of ADA
paratransit in Los Angeles, cited in TCRP Report 119,? found a fare elasticity of 0.43, which
is close to values seen in general public bus service.” Also, since ADA paratransit riders tend
to have low incomes, it is possible that lower income riders are more sensitive to fares than
higher income riders.

Evidence from the model development supports a fare elasticity for ADA paratransit in the
neighborhood of —0.41 for riders with household incomes under $15,000 per year and in the
neighborhood of —0.23 for riders with household incomes of $15,000 per year or more. (Note,
however, that even the higher income group still has few members with incomes over $35,000
per year.) Each of these groups constituted about half of the sample in the survey of ADA para-
transit riders. This finding is based on analysis of a “Stated Preference” survey, in which ADA
paratransit riders were presented with various service scenarios requiring tradeoffs between
ADA paratransit fares and travel times, combined with the results of the travel model showing
how travel times affect demand.

>HLB Decision Economics, 2004. “Demand Forecasting Model for LA Access ADA paratransit,” Access Services Inc.
?“The Demand for Public Transit: A Practical Guide,” Transport Research Laboratory, Report TRL 593, 2004, quoted at http://
www.vtpi.org/tdm/tdm11.htm.
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Sensitivity to Travel Time

Travel times on ADA paratransit are typically much longer than times for similar trips by
private car. ADA regulations* prohibit “substantial numbers of trips with excessive trip lengths”
but do not specify what is excessive. The FTA has interpreted the regulations to require that ADA
paratransit travel times should be comparable to travel times by fixed-route transit. Common
sense suggests that ADA paratransit users, like anyone else, will be influenced in their choices
by travel times.

To investigate this issue, the model system was run with modified ADA paratransit travel
times. These tests indicated that elasticity with respect to ADA paratransit travel is —0.5 for ADA
paratransit trips, —1.1 for ADA paratransit passenger-miles, and —0.1 for total trip-making by
ADA-eligible people. In other words, a 10% increase in ADA paratransit travel times would
result in

® A 5% reduction in ADA paratransit trips
e An 11% reduction in ADA paratransit passenger-miles
* A 1% reduction in trips by all modes by ADA-eligible people

Most of the decrease in ADA paratransit trips would be made up by a corresponding increase
in trips by other modes (mode shift), but not all of them—there would be a 1% decrease in total
trips made by ADA-eligible persons. The elasticity for total trip-making is quite small, but still
quite a bit higher than trip “suppression” elasticities estimated for the general population, which
are typically much smaller than —0.1. Conversely, the mode-specific elasticity of —0.5 is toward
the low end of values typically estimated for the general population, based on the experience of
the research team.

These results are consistent with the fact that ADA paratransit users tend to have fewer travel
options than the general population. Because they have few options, ADA paratransit riders
would reduce their use of ADA paratransit in response to an increase in ADA paratransit travel
time by less than the general population reduces its automobile or transit use in response to a
similar increase in travel times on those modes. But the same lack of options means that fewer
foregone ADA paratransit trips can be made up by trips on other modes than would be the case
for transit riders or drivers. To some extent, relatively low sensitivity to ADA paratransit travel
time could also reflect the fact that travel on ADA paratransit is less predictable than automobile
or transit travel time, because the operator may group any given trip with a different set of other
trips from one occasion to the next.

The research also provided some evidence on the value that ADA paratransit users place on
travel time. Based on the Stated Preference tradeoff analysis, a change in ADA paratransit travel
by one multiple of car travel time (e.g., from twice automobile travel time to 3 times automobile
travel time or vice versa) is valued the same as a fare change of $1.73 by people making less than
$15,000 per year, and the same as a fare change of $2.96 by people making $15,000 or more. Ifa
car trip takes an average of 30 minutes, these results imply a “value of time” of about $3.50 per
hour for the lower income group and about $5.50 per hour for the higher income group.

Importance of Pick-up and Drop-off Time

ADA paratransit systems typically take reservations based on the rider’s desired pick-up time
or desired appointment time. The ADA regulations note only a prohibition on “substantial

449 CFR 37.131, “Service criteria for complementary ADA paratransit.”
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numbers of significantly untimely pick-ups,” but in later interpretations FTA has been clear
that timely drop-offs are also an important part of on-time performance.’ In the Stated Prefer-
ence analysis that was part of the ADA paratransit user survey, half of respondents were asked
to make tradeoffs involving late pick-ups and half were asked to make similar tradeoffs involv-
ing late drop-offs. The analysis found that a change of 5% in the frequency of late pick-ups was
valued the same as a $1.06 fare change, but a change of 5% in the frequency of late drop-offs was
valued the same as a $1.41 fare change. In other words punctuality for drop-offs was considered
35% more important than punctuality for the pick-up. In practice, of course, both pick-up and
drop-off punctuality are important for each trip.

Telephone Hold Time

TCRP Report 119 attempted to measure the effect on ADA paratransit demand of telephone
hold times when making reservations. A survey of practitioners conducted for that research
ranked “ability to get through on the phone to reserve a ride” very highly as a factor that influ-
enced demand. However, 9 of 28 systems studied did not have a measure of average hold time
available. Analysis using the 19 systems with a measure of average hold time found that longer
hold times appear to depress demand, but the result was not statistically significant.

In the ADA paratransit user survey for this research, the Stated Preference analysis asked
respondents to make tradeoffs between the time “you may have to wait on hold for when you
call to reserve a trip” and other service variables. The analysis found no significant impact for
choices involving hold times of “up to 1 minute,” “up to 3 minutes,” and “up to 5 minutes.”
If correct, this result would imply that variations in hold time within this range are relatively
unimportant compared to other variables in the analysis, namely fare, travel time, and late-
ness for pick-up or drop-off. Alternatively, the result could indicate problems with the way
the question was stated, or it could mean that these statements of measured hold time are very
different from customers’ subjective sense of hold time. In other words, the difference between
hold times of up to 3 minutes and hold times of up to 5 minutes may feel much greater than it
sounds in a survey question.

Pedestrian Access to Activities

A reasonable speculation is that people with disabilities who live close enough to shops and
services that they can walk or go to them by wheelchair will be less dependent on ADA para-
transit. Ideally, this would be tested by taking into account the quality of pedestrian access in
the form of safe sidewalks accessible to people with disabilities, crosswalks, clear pedestrian
signals, sufficient crossing time at intersections, benches for resting, reduced traffic speed, and
traffic islands. Aspects of accessibility for people with disabilities include accessible bus stops,
curb ramps at intersection corners, audible pedestrian signals at street crossings, sidewalks that
are clear of constructed obstacles such as telephone poles in the path of travel, and sidewalks
that are in good repair. Comprehensive data about the quality of pedestrian infrastructure by
zone was not available, but it was possible to test the effect on ADA paratransit registration
rates of a high density of service and retail activities in a census tract. A very significant result
was found: a 10% increase in access to activities reduces ADA paratransit registration rate by
approximately 9%.

*Disability Rights Education and Defense Fund, June 2010. “On-Time Performance in ADA Paratransit,” Topic Guides on ADA
Transportation, available at http://www.dredf.org/ADAtg/index.shtml.
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Further Research and Development

This is the first attempt to develop a disaggregate regional model of travel by ADA paratransit-
eligible individuals, so numerous unanswered questions and opportunities for further develop-
ment remain.

Disaggregate model of registration. In this research, the rate at which people apply for and
obtain ADA paratransit eligibility was modeled using aggregate data for census tracts. The alter-
native would be to construct a disaggregate model using data from a large sample of individuals
like the ones gathered in a regional household travel survey. It would be necessary to reliably
determine which individuals in the overall sample have actually been certified as eligible for
ADA paratransit. In a disaggregate model it would be possible to include the increase in mobility
and accessibility that ADA paratransit would provide for the individual. This could be measured
by the difference in the overall expected utility from the trip generation, distribution, and mode
choice models with, versus without, ADA paratransit as an alternative. People expected to achieve
the greatest benefit from ADA paratransit would be expected to be more likely to apply for it.

The effect of automobile ownership on registration. Automobile ownership and availability
were not included in the tract-level registration rate model, because this variable is endogenous
to many travel demand model systems. That is, it is predicted rather than used as an input,
because, for many households, ownership decisions depend on relative accessibility by various
modes. In further research along this line, it may be worthwhile to include automobile owner-
ship as an exogenous factor, because it is unlikely that the level of ADA paratransit service would
significantly affect automobile availability levels among the eligible population.

Differences among regions that affect registration. A comparison among regions might be
able to determine the effects of

e The process used by the provider in determining eligibility (e.g., whether a simple paper appli-
cation is used or all applicants are subject to functional testing); and

e The level of awareness of the service (the degree of activity/sophistication of social service
agencies/advocacy groups in the region may be an indicator).

The effect of ADA paratransit service variables. The effects of ADA paratransit travel time,
fares, service reliability, and telephone hold times could be further explored using additional
Stated Preference research, time series modeling, or disaggregate modeling in a region where
there is significant variation in these variables.

The effect of alternatives to ADA paratransit. Good alternatives to ADA paratransit would
be expected to reduce demand or increase overall mobility. Two alternatives of vital importance
whose effect could not be modeled in this research were

e Specialized services provided by Medicaid, adult day health care, programs for people with
developmental disabilities, and so forth. Availability of these services varies among regions.
In principle they vary among ADA paratransit riders within a region due to differences in
eligibility (especially for Medicaid) and in some cases location. However, it was not practical
to measure these differences.

¢ Fixed-route transit service. The attractiveness of fixed-route transit service for those ADA
paratransit riders capable of using it for some trips depends on proximity to service, fare,
frequency of service, transfers required, and accessibility features. Modeling the attractiveness
of fixed-route transit service for such riders would require having zone-to-zone travel data
for these variables and such data were not available in the data maintained by NCTCOG for
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the study area. This information is available in many large regional travel models. In regions
whose models have this information, it would be possible to test how the availability of con-
venient fixed-route service affects ADA paratransit demand. Regarding accessibility features,
both transit operators, DART and FWTA, operate 100% wheelchair-accessible fleets, so there
was no opportunity to test differences. Ideally, the availability of accessible pathways to transit
stops would also be measured.

Weekend trips and time of day. Currently, the model only predicts weekday ADA paratransit
trips, and not weekend trips. Modeling weekend trips would require collection of additional
survey data. Also, trip departure time choice for ADA paratransit users was not modeled.

Model estimation in another region. It would be desirable to estimate a similar or more re-
fined model in another region. Aside from the possibility of modeling the effect of transit level of
service, weekend trips, and departure time choice, this would help test the transferability of the
results found in Dallas-Fort Worth. Estimating a similar model in another region would require
a travel survey of ADA paratransit customers. There may be opportunities to conduct such a sur-
vey by extending the sample used in a regional household travel survey of the general population.

Model testing in another region. Short of estimating a new model, the model developed in
this research can be applied using census data and travel network data in another region. This
process would test whether the model makes reasonable predictions beyond the region in which
it was estimated.

Calibration using geographic and trip purpose distribution and travel by all modes. In a
new model for another region, it would be desirable to calibrate results on the basis of observed
geographic and trip purpose patterns and on the basis of observed use of modes other than
ADA paratransit. From a policy perspective, it would be especially useful to confirm the validity
of forecasts of travel by fixed-route transit. A premise of the ADA and of much work in ADA
paratransit planning is that many ADA paratransit customers could use fixed-route transit for
many of their trips. It would also be important to confirm the validity of forecasts of travel as a
passenger in a private car, given that such travel is by far the most common mode of travel by
ADA paratransit-eligible people.

Refinement of travel survey methods. In most respects, the research determined that ADA
paratransit riders can be surveyed with methods similar to those used for traditional household
travel surveys. However, respondents to this travel survey appear to have over-reported their
use of ADA paratransit. It appears that respondents who travel infrequently may have made it
a point to schedule the trips they needed to make on their assigned survey days. This effect oc-
curred despite use of standard travel survey methods, including controlled choice of assigned
survey days. The resulting over-reporting was adjusted for by using a calibration procedure,
but there was no way to test or adjust for the possibility that travel by other modes could have
been correspondingly under-reported. Respondents in a typical general population travel survey
have much less opportunity or incentive to make such adjustments to their usual travel patterns.
However, the respondents in this survey travel much less frequently and non-discretionary travel
such as for work or school makes up a much smaller part of their overall travel. Testing ways to
control for or prevent over-reporting of ADA paratransit trips would be useful.
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CHAPTER 2

Description of the Research

This chapter explains the rationale for developing disaggregate models of ADA paratransit
travel and how the typical travel demand model structure was adapted for the case of ADA para-
transit. There is also a review of the steps carried out by the research team, including selecting
sites for collecting data and the actual data collection process.

Regional Travel Demand Models

This project created a model of the type used by MPOs in the regional household travel mod-
els with which MPOs project travel trends, including use of major highways and transit. The new
model (actually a series of models) can be combined with existing regional travel models to add
ADA paratransit to the mix of modes treated by those regional models.

Regional travel models traditionally have been based on aggregate data for travel analy-
sis zones (TAZs). More recently, disaggregate travel demand models have been developed
that model choices by individuals at the behavioral level that they actually occur. A typical
model of household travel demand treats travel behavior as a series of separate but interrelated
decisions:

¢ Frequency choice (usually called “trip generation”): the choice of how many trips to make for
different purposes;

¢ Destination choice (usually called “trip distribution”): the choice of where to travel to;

¢ Mode choice: the choice of which travel mode (drive-alone, transit, carpool) to use; and

e Route choice (usually called “trip assignment”): the choice of which route of travel to
take.

A disaggregate travel demand model attempts to explain these individual decisions in terms
of individual or household characteristics (e.g., income, gender, and employment status), the
available opportunities (e.g., work and shopping) at various possible destinations, and the cost
or travel time associated with possible trips depending on the mode of travel.

This research created a disaggregate model of the decisions of individual ADA paratransit
users to make particular trips and of their decisions to make them by ADA paratransit or by
some other mode. These choices are similar to those modeled in typical regional travel demand
models, although ADA paratransit users have a different set of modes available to them. Also,
choice of route of travel, which is part of a typical travel demand model, is not relevant to travel
by ADA paratransit, because the system operator determines the route after the individual has
chosen to make a trip.
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The alternative to a disaggregate model is an aggregate model, which is one that treats only
the combined results of travel decisions by thousands of people (e.g., total trips in an area). The
model developed in the first phase of this research was an aggregate model that compared total
ADA paratransit demand in 28 transit systems and attempted to explain the observed differences
in terms of regional measures such as population and poverty level, as well as ADA paratransit
system policies such as fares and on-time performance.

There are two primary advantages of the disaggregate approach, relative to an aggregate
model. First, the disaggregate approach may avoid the problem of spurious results. The more
aggregated the data is, the more likely one is to find broad correlations between variables and
the more difficult it is to attribute behavioral effects to any particular variable. For example, the
first phase of this research found that high levels of poverty in a region correlate with lower ADA
paratransit ridership. This effect was statistically very significant but it says nothing about how
the incomes of ADA paratransit riders (as opposed to the community as a whole) affect their use
of ADA paratransit. It could still be the case that lower income riders choose ADA paratransit
instead of private automobile more than higher income riders. With disaggregate data, we can
relate the ADA paratransit trip rates of individual persons or households to (1) their household
incomes as well as the availability of an automobile within the household; (2) the accessibility to
important destinations by automobile versus other modes (e.g., parking convenience, parking
costs, and walking distance between stores); and (3) land use mixes (the proximity of different
types of destinations). By using a large number of observed cases subject to different levels of
these variables, we can overcome problems of correlation and sort out their relative effects on
behavior.

A second important advantage of the disaggregate approach is that it can overcome aggregation
bias. This type of bias arises from the fact that most models that represent discrete choices at the
individual level (e.g., logit models and gravity models) are nonlinear, and thus the probability
share and model sensitivity at the aggregate average value is not necessarily equal to the average
of the probabilities and sensitivity across all individual values. This is shown in Figure 2-1 and is
true both for the predicted choice shares and the predicted elasticities. This means that if the data
used to estimate and/or apply demand models are aggregated to too coarse a level, the predicted
demand is subject to inaccuracies.

As an example of aggregation bias, suppose that households with no automobiles have
few alternatives to using transit, so their mode choice is not very sensitive to transit service
levels. Also suppose that households with a car for every driver are very unlikely to use
transit, so their mode choice is also insensitive to transit service levels. The intermediate
households who own cars but do not have a car for every driver are the ones where transit
and automobile are most competitive, and thus most sensitive to transit service changes.
A model that uses aggregate average car ownership levels within a zone or a region would
assign everyone an intermediate level of car ownership and thus would over-predict the
sensitivity of mode choice to transit service levels. Similar logic could apply to predicting
how ADA paratransit service quality affects the choice to use ADA paratransit instead of
another mode.

Aggregate regression models such as the one created in the first phase of this research
(TCRP Report 119) can be subject to this same underlying behavioral inaccuracy. Such models
are estimated using single average values for variables distributed across the population, and
there is no guarantee that the predicted effects of changing those variables will be the same
as what we would predict from more detailed models that segment the population into more
homogenous categories.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22720

Improving ADA Paratransit Demand Estimation: Regional Modeling

12

Improving ADA Paratransit Demand Estimation: Regional Modeling

Average probability is not equal to the probability at the average of explanatory variables.
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Figure 2-1. Aggregation bias with nonlinear logit models.

Adapting Travel Demand Models for ADA Paratransit

For modeling ADA paratransit demand, the basic four-step approach has been expanded to
account for issues unique to this mode of travel and to incorporate state-of-the-art methods in
regional travel demand modeling. Aside from the details of implementation, the model still treats
four key decisions that determine the number of trips by ADA paratransit that any given individual
makes, but not the same ones used in a traditional four-step model and not in the usual sequence.
The decisions are

1. The decision to apply/register for ADA service eligibility. This step is necessary, because a person
with a disability has to apply for and be certified as meeting ADA eligibility criteria before ADA
paratransit becomes a possible travel choice.

2. Tour generation: The decision to leave home to make one or more connected trips for some purposes.
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3. Mode choice: The decision to make that series of trips by ADA paratransit or an alternative
mode, or some combination of modes.
4. Destination choice: The decision to visit a specific destination.

The ordering of the steps implies that each of these decisions is conditional on making the
decision above it. However, we cannot treat the decisions as purely sequential, because each
decision may also depend somewhat on the decisions below it as well. The decision to apply for
ADA eligibility will depend on the number of trips a person makes and the propensity to make
those trips by ADA paratransit. This is comparable to the decision to get a license to drive an
automobile. For example, people in New York City are less likely to have driving licenses, not
because they are less able to drive, but because driving is less attractive there, so they are less
likely to make the effort. In the case of ADA paratransit, the decision to apply for ADA eligibil-
ity (Step 1 above) depends to some extent on whether or not there are particular types of trips
that a person wishes to make using the system (Steps 2 through 4 above). Another example
is the fact that some people may have no feasible alternative to ADA paratransit for some trips,
so the decision to make a trip at all may depend on the availability of ADA paratransit service.
This inter-relationship is probably even stronger than it is for most other types of travelers who
are able to use a wider variety of modes.

In disaggregate travel demand modeling, the most effective way of modeling interrelated deci-
sions is to use the expected utility, or “logsum” (the logarithm of the sum of the modeled utili-
ties), across all available alternatives in the lower level model (i.e., a model of one of the lower
decisions in the list above) as an explanatory variable in the upper model (i.e., a model of one of
the upper decisions in the list above). This essentially leads to a system of simultaneous nested
models which are internally consistent. This type of linkage is described further below, as part of
a discussion of variables that should be considered in each of the four models above.

The choice to model mode choice before destination choice departs from the usual practice
in travel demand models in the United States, though it is not unusual in Europe. It is entirely
possible that ADA paratransit users’ choice of destination depends more on the modes available
than that mode depends on the destination. Also, in the case of ADA paratransit, the travel time
by ADA paratransit to a specific destination is not generally known in advance. Therefore, it is
not critical to model mode choice after destination choice. Moreover, NCTCOG’s model has
very limited data on transit travel times. In the mode choice model, a logsum of the type just
described is used to represent overall ability to reach destinations of interest by each mode.

The next four sections describe modeling methods for each of the four decisions. Each com-
ponent of the complete model system is described in detail in Chapter 3.

The Decision to Apply/Register for ADA Paratransit Eligibility

Initially, it had been hoped to estimate a disaggregate model of ADA paratransit registration
that would predict the probability of any individual applying and registering for ADA para-
transit. However, that would have required a very large survey of the general population, not just
limited to ADA paratransit users, that obtained the variables related to ADA paratransit eligibil-
ity as well as whether any household members were actually registered for ADA paratransit. Such
survey data was not available and could not be obtained for a reasonable cost.

In the future, it may be possible to obtain the data for such a model by adding a small number
of questions to a general-purpose regional household travel survey. Respondents would need to
be asked if any household members had any condition that limited their ability to travel, and then
questions would need to be asked about the nature of the condition and whether the individual
was registered for ADA paratransit. Ideally, the travel diary portion of the survey would include
ADA paratransit among the modes that respondents could report on.
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For this research, a model was estimated to predict the fraction of people in each census tract
who apply for and obtain ADA eligibility. One set of variables of interest are those related to
disability:

e Age

e Gender

¢ Employment status (unemployment as an indicator of disability)
e Income (provides access to healthier lifestyle, better health care)
e Household size (people not living alone may tend to be healthier)

These are not necessarily causes of disability, and certainly have nothing to do with whether
an individual meets the ADA eligibility criteria; but they may have a statistical relationship to
ADA eligibility that will be useful for modeling purposes. Other variables are related to the
probability that eligible individuals will actually apply for eligibility and be accepted:

e Household size (as an indicator of the availability of help from other family members)

¢ Location within the ADA paratransit service area

¢ Proximity to locations that can be reached by walking or wheelchair (reducing the need for
ADA paratransit)

In a disaggregate model, it would also be desirable to include the increase in mobility and
accessibility that ADA paratransit would provide for the individual. This could be measured by
the difference in the overall expected utility from the trip generation, distribution, and mode
choice models with and without ADA paratransit as an alternative.

Other variables could affect application rates among different regions, but could not be mea-
sured within one study region. These include

e The process used by the provider in determining eligibility (e.g., whether a simple paper
application is used, or all applicants are subject to functional testing)

e The level of awareness of the service (the degree of activity/sophistication of social service
agencies/advocacy groups in the region may be an indicator)

Tour Generation: The Decision to Make a Series of Trips

The key variables are those that influence the propensity of a person to carry out various types
of out-of-home activities. Depending on the type of activity (the trip purpose), variables may
include

e Age. Most activities generally decrease with age.

¢ Income. People with higher incomes typically travel more for all purposes.

e Employment status/student status. These determine the need for commute or school trips.

¢ Gender. Females and males often have somewhat different participation rates for specific out-
of-home activity purposes, particularly in older households.

¢ Type of impairment/disability: People with certain disabilities may be more likely to travel for
certain purposes (e.g., people with mental impairments to adult daycare).

e Household size. In general, people who live alone may make more trips because they cannot
delegate activities to others, but people with disabilities who live with others may make more
trips because they have someone to assist them, accompany them, or provide rides for them.

e Car availability.

e Accessibility to activities. People living in areas where it is possible to reach more activities of
interest in a reasonable time are likely to travel more. (“Accessibility” here is used in the broad
sense generally used in travel behavior theory, namely access to destinations, taking account
of travel times, availability of travel options, etc.)
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e Regional effects. Climate and lifestyles may vary somewhat across regions in ways that affect
travel. However, in a model estimated for one region, there is no way to measure these effects.

Trip generation was modeled at the level of tours (i.e., tour generation) consisting of a
sequence of chained trips from home to various destinations and back to home. Within each
tour, additional steps modeled the number of intermediate stops that would be made.

Mode Choice: The Decision to Travel by ADA Paratransit
or an Alternative Mode

Depending on the principal purpose for leaving home, the key factors in mode choice fall into
two categories: (1) variables directly related to ADA paratransit service and (2) variables related
to alternatives to using ADA paratransit. In principle, ADA paratransit service variables should
be of major importance. These could include

e Service reliability

¢ Advance reservation requirements (how far ahead a trip can be reserved)

e Availability of most convenient requested time

¢ Conditional eligibility trip screening

e Fare

e Travel time (will typically be somewhat longer than travel time by private car, but somewhat
shorter than the scheduled time on fixed-route transit)

e Denial rates (not relevant in this study, because the scope was limited to ADA-compliant
services)

¢ Availability of a program to coach riders on how to use the system

In practice, with results from only two very similar ADA paratransit services, and with no data
about ADA paratransit travel times, it was not possible to estimate these effects from travel data.
As a next-best alternative a Stated Preference analysis was used to provide limited evidence for
the effect of some ADA paratransit service variables. The process of gathering Stated Preference
data is described in the Data Collection section and the analysis is described in Chapter 3.

Variables related to alternatives to using ADA paratransit—that can be modeled—include

e Automobile ownership and availability. Ability to drive would be important, but few ADA
paratransit users are able to drive.

¢ Household size (may mean that a companion driver is available).

e Cars per driver in the household (for households with a car).

¢ Income (determines which options are affordable and may also influence availability of spe-
cialized services).

e Age (influences ability to drive and walk and may influence availability of other specialized
services).

e Disability type/need for mobility aids (also influences the ability to use alternative modes and
services).

e Trip purpose has a bearing on mode choice and is easily included in the model. For example,
recreation and social trips may be less commonly made by ADA paratransit than other trip
types, and some work and school trips may tend to be made using specialized services oper-
ated by school districts or by agencies that provide supported work.

Ideally, a mode choice model would incorporate the effect of differences in the cost (to the
rider) and time required for a trip by ADA paratransit compared to the same trip by other
modes. However, the cost for every ADA paratransit trip is essentially the same in the Dallas-Fort
Worth region, and travel time for an ADA paratransit trip is not known before a reservation is
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made. Instead, a summary measure of accessibility to all potential destinations by each mode
was used; this is another example of the type of logsum described earlier.

Mode choice is first modeled for tours. Then after intermediate stops are added to tours, a
separate model treats whether subsidiary modes would be used (e.g., getting a ride home in a
car after taking an ADA paratransit trip or else walking, going by wheelchair, or getting a ride
to transit).

Additional variables that may be important but could not be modeled include

e Availability of specialized services provided by Medicaid, adult day healthcare, and programs
for those who have developmental disabilities. This varies among regions, but is the same for
all ADA paratransit users in the Dallas-Fort Worth region. However, some of this effect is
captured by trip purpose as noted above.

¢ Fixed-route transit convenience, fare, frequencies, transfers required, wheelchair lifts, etc.
NCTCOG’s model included very limited transit data, and both DART and FWTA operate
100% wheelchair-accessible fleets.

In particular, planners would find it useful to understand the potential impacts of

¢ Establishing more convenient fixed-route transit service to major ADA paratransit trip gen-
erators and attractors,

e Improvements in accessible pathways to fixed-route stops and stations,

¢ Offering fixed-route fare incentives for ADA-eligible riders or persons with disabilities in
general,

¢ Reducing walking distance for riders with disabilities by shifting to a flex-route design in
certain corridors.

Trip Distribution: The Decision to Visit a Specific Destination

Destination choice models typically include two types of variables: (1) impedance variables
and (2) attraction variables. Impedance variables (e.g., travel time and cost) measure the separa-
tion between zones and typically have negative effects. Attraction variables (e.g., retail employ-
ment) measure the attractive power of a zone as a destination and have positive values. Given
that transit travel times were not available and ADA paratransit travel time is not known in
advance, automobile travel time was used as an impedance measure.

The 2007 zonal data provided by NCTCOG has six possible attraction variables:

e The number of resident households

e The number of retail jobs

¢ The number of service jobs

e The number of “basic” jobs (non-retail, non-service jobs, such as industry, production, and
wholesale)

¢ The number of jobs at shopping malls

¢ The number of jobs at hospitals

The number of jobs in a zone is considered a measure of the overall level of activity in the
zone that should attract trips. For example, numerous jobs at hospitals in a zone indicate the
presence of major medical facilities that would attract large numbers of medical trips. The first
four variables are typical attraction variables used in travel models, although some regions have
finer breakdowns of employment than just the three categories (basic, retail, service). The last
two, however, are not typical, but fortunately NCTCOG includes hospitals and shopping malls
as “special generators” in their models, so the model includes separate zonal data. Because these
are common destinations for ADA paratransit, both of these variables were tested.
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Site Selection

Locations were needed to develop the models with good-quality ADA paratransit and an
adequate travel model system. For each location, the process required conducting a travel diary
survey of ADA paratransit users and using an existing regional travel demand modeling system.
After consideration of more than 40 candidate locations, DART and the Fort Worth Transpor-
tation Authority (FWTA) were chosen. Each candidate location was evaluated based on the
following criteria:

e The ADA paratransit system in operation there was believed to be operating without capac-
ity constraints and generally employing best practices in operations and eligibility screening.

e The ADA paratransit operator maintained a list of registered users and would allow the list to
be used to survey those riders.

¢ Thelocal MPO had an existing regional model system that was typical (or better than average)
in terms of the specification of input and output data. For this study, it was important that
the system include an automobile ownership model that predicts car ownership distribution
by combination of income group, household size, and number of workers in the household.

¢ The local MPO was willing to provide access to their model data and a modest level of guid-
ance in using it.

e One or more members of the study team had worked with the MPO and with their data and
were familiar with their models.

Other locations declined to participate, were unable to provide rider information due to con-
fidentiality concerns, had inadequate travel models, were believed to have possible ADA service
quality issues, or were unfamiliar to the study team so that information was lacking to make an
assessment.

DART and FWTA met the criteria and agreed to participate in the study. Having two systems
in the same metropolitan area raised some concerns, but also had significant advantages, because
both are within the jurisdiction of the same MPO with the same travel model. The MPO, the
NCTCOG, agreed to participate. The agency’s travel model was already known to the study
team. Also, despite being in the same metro area, Dallas and Fort Worth have the positive feature
of being significantly different with respect to demographics and ADA paratransit system char-
acteristics. Compared to Dallas, Fort Worth has about one-fourth the population, less density of
fixed-route transit service, a higher poverty rate, and a higher percentage of older women. Look-
ing at ADA paratransit service, Fort Worth makes less use of conditional eligibility and uses a
30-minute on-time window (compared to 20 minutes in Dallas); both charge $2.75 per trip. As it
turned out, it was not possible to make detailed use of these differences in service characteristics.

DART’s ADA paratransit system is known just as DART ADA paratransit, while FWTA’s is
known as Mobility-Impaired Transportation Service (MITS).

Data Collection

The principal source of data for model estimation was a travel diary survey of 800 ADA para-
transit users, including 400 DART users and 400 MITS users. The travel diary survey was similar
in concept to surveys conducted by MPOs for estimating urban travel demand models. These
surveys typically ask for details of all trips made by all household members during one or two
specific days. A typical sample size for regional travel surveys is 3,000 to 6,000 households. The
number of ADA paratransit trips reported in such a survey tends to be quite small and not ade-
quate to estimate separate models for those trips. In fact, ADA paratransit is rarely given its own
mode category—it is often relegated to the “other” category to be written in by the occasional
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respondent. Because of these limitations, a special-purpose ADA paratransit travel survey was
needed for this research.

This survey was used for estimating all of the model components, except the model of ADA
paratransit registration. Because data was needed only from people who had already applied
for and obtained eligibility to use ADA paratransit, the survey could be conducted using a well-
defined sampling universe (all ADA paratransit registrants of the participating transit operators)
whose contact information was already in the databases held by the transit operators. Compared
to the process for a typical regional household travel survey, this process had several advantages:

e It was only necessary to collect data from the ADA-eligible person(s) in a household, rather
than from every household member.

e Because people with disabilities tend to make fewer trips than the average person, the travel
diary period could be extended beyond a single day without adding significant respondent
burden.

¢ Ttwas possible to use the ADA paratransit operators’ registration data to contact respondents,
greatly increasing response rate compared to a survey using a typical random sample.

e By combining the registration lists with the operators’ databases of actual trips, it was possible
to stratify the sample according to trip frequency and age group and to calibrate the results of
the travel diary reporting using actual total trip-making.

The ADA paratransit travel survey was conducted from September 2009 through June 2010 by
a professional research firm experienced in this type of data collection. DART and FWTA pro-
vided the contact information of ADA paratransit customers who could be asked to participate
in the survey. The study was divided into two survey efforts. First, a pilot survey was conducted
from September 2009 to December 2009 that yielded complete demographic and travel behav-
ior characteristics for 17 ADA paratransit users. The purpose of the pilot survey was to test the
survey methodology, evaluate respondent materials and comprehension, and gauge participa-
tion rates. The full survey was fielded subsequent to the pilot survey, from January 2010 to
June 2010. As an incentive, respondents were told that, for participating in the study, they would
be entered into a random drawing for a cash prize of $200. The $200 honorarium was awarded
to five respondents selected at random at the conclusion of data collection after all data had been
processed.

The procedures for the survey were similar to standard procedures for conducting a travel
survey and included the following 10 stages, which are described in more detail below:

Sample Selection

Opt-Out Mailing

Recruitment Telephone Interview
Respondent Packet Mailing
Reminder Call

Data Retrieval Telephone Interview
Reminder Postcard

Processing

Real-Time Geocoding

Data Edit Checks and Cleaning

0PN wDD =

._.
e

Sample Selection

The sample consisted of a stratified selection of DART and FWTA customers. The sample was
limited to adult (age 16 and older) ADA-eligible riders (excluding personal care attendants or
companions) who had either ridden the ADA paratransit service in the preceding 12 months or
(in Fort Worth only) become eligible in that same time period. DART and FWTA provided lists
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of eligible customers, including date of eligibility certification, date of birth (for calculating age),
and the number of trips taken in the preceding 12, 6, and 3 months.

The sample was stratified by age and trip frequency using four trip frequency categories and
four age categories. The purpose of this stratification was to ensure adequate coverage of all ages,
including both frequent and infrequent users. An initial stratification used in the pretest produced
numerous respondents who did not travel at all during the 2 days assigned for recording their
travel. In response, the stratification was modified as described here and summarized in Table 2-1.

The first table in Table 2-1 shows the actual distribution of the client bases used for drawing
the sample (7,220 DART records and 4,584 FWTA MITS records) across the age and frequency
categories. This excludes people who had not ridden or registered in the past 12 months, records
with missing age data or age under 16, missing telephone numbers, or people who were already
included in the pilot survey. The second table shows the target distribution for the survey, which
was used for drawing the sample to be contacted. The row and column totals in bold were set to
achieve the desired totals in each age group overall and each frequency group overall. Compared
to the pretest sample, these targets increased the sample of frequent users in the sample (to avoid
too many respondents who would have no travel to report) and also increased the number of

Table 2-1. Sampling targets.

Actual Distribution of ADA Paratransit Registrants

Trip Frequency (trips in last 3 and 12 months)
6+ trips per 1-5 trips per No trips in the No trips in the
month in the month in the last 3 months, last 12 months,
last 3 months | last 3 months but trips in the | but registered in
last 12 months the last 12
Age months Total
Dallas
16-44 10.3% 5.8% 5.4% 21.5%
45-64 12.6% 15.4% 11.5% 39.5%
65-79 5.3% 12.2% 9.2% 26.7%
80+ 21% 5.5% 4.6% 12.2%
Total 30.4% 38.9% 30.8% 100.0%
Fort Worth
16-44 6.7% 3.9% 3.1% 2.0% 15.7%
45-64 10.6% 13.1% 10.1% 7.4% 41.2%
65-79 5.4% 9.9% 71% 5.9% 28.3%
80+ 1.9% 5.7% 4.2% 3.2% 14.9%
Total 24.5% 32.6% 24.4% 18.5% 100.0%
Target Survey Sample Distribution
Trip Frequency (trips in last 3 and 12 months)
6+ trips per 1-5 trips per No trips in the No trips in the
month in the month in the last 3 months, last 12 months,
last 3 months | last 3 months but trips in the | but registered in
last 12 months the last 12
Age months Total
Dallas
16-44 21.39% 5.45% 3.15% 30%
45-64 22.08% 12.18% 5.74% 40%
65-79 7.94% 8.18% 3.88% 20%
80+ 3.59% 4.19% 2.22% 10%
Total 55.0% 30.0% 15.0%
Fort Worth
16-44 21.49% 5.74% 1.02% 1.74% 30%
45-64 21.51% 12.29% 2.08% 4.12% 40%
65-79 8.77% 7.42% 1.17% 2.64% 20%
80+ 3.24% 4.54% 0.73% 1.49% 10%
Total 55% 30% 5% 10%
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younger persons in the sample—both because their behavior may be different from the older
age groups and because younger people tend to be more difficult to contact during the survey
process.

In summary, the sample stratification and weighting was done in order to obtain a useful
sample for modeling as efficiently as possible. It is desirable to include some respondents who
make no trips or very few trips in the sample in order to model travel frequency, but for model-
ing mode choice and destination choice, it is more efficient to survey people who will make a
fair number of trips, including trips by ADA paratransit and by other modes, during the 2-day
survey period. When modeling the data, the observations were re-weighted to be representative
of the full population of possible (certified) ADA paratransit users.

The fractions in the cells in the second table were calculated using iterative proportional
fitting (IPF), starting with the actual cell percentages in the first table, and making the small-
est possible adjustments which would match both the row targets and column targets in the
second table. By dividing the cell percentages in the second table above by those in the first
table, weights were calculated to use in drawing a probability sample for the survey that would
match the cell targets.

Based on the results of the pretest, the sample provided to the survey company included
5,304 records to allow for those who would opt out, not be contacted, or decline to participate
at any stage.

Opt-Out Mailing

In order to address privacy concerns, DART and MITS customers were contacted via mail to
inform them of the upcoming study and to invite them to opt out of the study if they so chose.
Respondents were able to opt out by calling, emailing, or mailing their respective transit agen-
cies. Those users choosing to opt out of the study were removed from the sample list used for
data collection. Only 176 people chose to opt out within the 2 weeks allowed for this. An addi-
tional handful requested to opt out after data collection had begun and they were also removed
from the sample list.

Recruitment

The selected sample of ADA paratransit users were contacted by telephone. The purpose of
the survey was explained, and respondents were assured that none of the information they would
provide would be given to DART or FWTA. They were told participants would be entered in
a drawing for a $200 honorarium. They were then asked if they would participate. For those
respondents who agreed to participate in the study, a demographic interview was conducted
to obtain data about the household and their members, including household size, number of
vehicles, household income, dwelling type, age, gender, education level, driver’s license status,
employment status, student status, and address. At the end of the recruitment interview, the
respondent was assigned 2 travel days and arrangements were confirmed to call back and retrieve
information about travel on these days. In total, 1,455 respondents were recruited and agreed to
complete a 48-hour travel diary.

Respondent Packet Mailing

Travel diaries and Stated Preference materials were mailed to each respondent who had agreed
to participate. The travel diary was an 18-page booklet with space for respondents to record
information about locations visited, time of travel, mode used, traveling companions, and activ-
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L] . .
D|ary Instructions VLIRS & \Whac is this () Myhome X Another place
PLACE

PLACE? (provide address below)
Use this diary to record information about ALL the PLACES you . ?
visit on your assigned travel days. Record one PLACE per page. What is the NAME and ADDRESS of this PLACE?
Answer all of the questions on each page for each place.

Sunny Farms Supermarket
Name of place (if any)

901 Main St.

Street address OR nearest cross-streets

What is a PLACE?

A PLACE is any location where you do something.

‘You may stay there for along time (like at work or school) 0"_‘ nytown E:x 929999
or just a few minutes (like at a drive-thru window). - e iz
v IF YOU DRIVE, include phces where you dI‘Op off B What TIME did you ARRIVE? (Please record exact time)
or pick up passengers or buy fuel. 11:35 X am O pm
v IF YOU ARE A PASSENGER, only include c HOW did you travel there? (Check one HODE)
places whet_"e you got in or out of a vehicle, £ Walk 1 DART Paratransit
but do not include stops to let other people [ Wheelchair/Electric Scooter [ MITS Paratransit
on or off. (not on a vehicle) [ Other Specialized Transit or
] AuteyVan/Truck - Driver Shurttle Service
Keep your completed Travel Diary by the phone. Bl AutohéenfTrude- Passenger Cied
We’ll call you to collect the information, or you can call us l : g::mt AT or The Tx O Sgio B
toll-free at 1-877-261-4621. If you are unable to complete the - Dher:
diary, please have a caregiver or other adult complete the diary . \
for you. Thank you! b1 How many people traveled B2 Of those, how many
with you? (DON'T include | were household
Confidentiality: yourself) 1 members? 1
This survey is conducted in accordance with strict privacy - 4
provisions. All information, whether related to personal identity E .
or travel and activities, will remain completely confidential. What ACTWI,“ES did Main activity (code): 11
The information will not be published, sold, distributed, or you do there? .
otherwise made available to any third party. (Write code from LIST 1 on flap) Other activity (code): L
Questions? Call the toll-free Survey Hotline: F What TIME did you LEAVE! _ 12.52  (Jam X pm > peace
I's??-26|-462| | (Please record exact time) [J Did not leave —» Go to DAY 2 - PAGE 10
T 2

Figure 2-2. Travel diary pages.

ity performed (purpose of the trip). Pages 2 and 3 from the diary, including instructions and a
sample page for recording trip data, are shown in Figure 2-2.

The Stated Preference materials consisted of a 4-page booklet, “ADA Paratransit Choices,”
which presented five scenarios in which respondents were asked to make tradeoffs among service
variables, including fare, travel time, reliability, telephone hold time, and advance reservations
period. There were eight versions of the “ADA Paratransit Choices” booklet, each with a differ-
ent set of scenarios. Figure 2-3 shows a sample. Table 2-2 shows the choices in each of the eight
versions. The service variables measured were

e Fare: the fare for a one-way ADA paratransit trip;

e Travel time: multiple of automobile travel time that an ADA paratransit trip can take;

e Late: number of trips out of 20 in which the pick-up or drop-off might be late (half of
respondents received choices based on pick-up time and half received choices based on
drop-off time);

e Reservations: how many days in advance reservations can be made (by law, reservations must
be accepted up to close of business 1 day in advance); and

¢ Hold time: how many minutes customer may wait on hold to reserve a trip.
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Paratransit Choices

For a trip like the one you described, which option
4 below would you prefer: _A B Now, we want to ask you about some different possibilities for para-
transit services. We will ask you these questions using the example of
- ~ a recent trip you made using MITS paratransit.
[ Option A Option B o . ) )
Please lock at your travel diary information and write down the details
You can reserve your trip You can reserve your trip of the last trip you made from your home to another location using
up to | day in advance up to 2 weeks in advance MITS.
You may have to wait on hold for | You may have to wait on hold for If you didn’t make any trips from home using paratransit on the two
R "'E ::;] :'.omr:::rtvi - — "pui‘;“st:':g;":rii 25 days you recorded, please think about the last trip you did make on
"° P = 4 MITS, and fill in the details below.
B g If you have never used MITS, you may skip these questions.
- ™
(o TITLW And finally, for a trip like the one you described, which Details of your most recent trip using MITS:
5 option below would you prefer: A B
~ T Destination place name
Option A Option B
You may have to wait on hold for | You may have to wait on hold for Reason for making the trip
up to 5 minutes up to 3 minutes
when you call to reserve a trip when you call to reserve a trip Dayofweekk M Tu W Th F Sa Su
Including stops, your ride Including stops, your ride :
might take up to might take up to . Timeofdaylefthome: __ : ~ Oam Opm
2 times as long 3 times as long ~ 4
as making the same trip by car as making the same trip by car
That was the last question. Thank you! Please turn the page to answer the questions inside...
MITS A
Now, suppose that you were making that same trip, and you had the (o, LT For a trip like the one you described, which option below
choice of using two different paratransit services that are identical to 2 would you prefer: A B

each other in every way, except that one of the services is better than
the other in one way, but worse than the other one in another way.

We'll give you five choices like this. In each case, on balance, which of ' Option A Option B N
the two options would you prefer? ! :
: 2 The fare for a one way trip is The fare for a one way trip is
We will collect your answers to these questions when we collect the $3.00 $2.00
travel diary information. If you feel unable to answer these questions
now, you may choose to wait and answer them at the time that the You may be dropped off late, You may be dropped off late,
interviewer calls you back. after your appointment time, after your appointment time,
I time out of 20. I time out of 5.
Please note: The service changes in these questions are completely \ J
imaginary. and for our research only. MITS is NOT actually considering
these changes. (o LT And now, for a trip like the one you described, which option
3 below would you prefer: A B
(oL, LW For a trip like the one you described, which option below
1 would you prefer: A B - N " e
Option A Option B
- T - You may be dropped off late, You may be dropped off late,
Option A Option B | after your appointment time, after your appointment time,
I time out of 10 | time out of 20
Including stops, your ride Including stops, your ride
might take up to might take up to You can reserve your trip You can reserve your trip
2 times as long 3 times as long up to 2 weeks in advance up to 4 days in advance
as making the same trip by car as making the same trip by car
N )
The fare for a one way trip is The fare for a one way trip is
. J

Please answer the final two questions on the back...

Figure 2-3. Stated preference materials.
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Table 2-2. Stated preference choice sets.

et Wses _________ Wses W7 |

Choice 1 A B Choice 1 A B Choice 1 A B Choice 1 A B
Travel time 2 3 Travel time 2 3 Late 2in10 | 3in10 Reservations 14 1
Fare 200 100 Hold time 3 1 Fare 300 100 Hold time 5 3
Choice 2 A B Choice 2 A B Choice 2 A B Choice 2 A B
Fare 300 200 Hold time 1 & Fare 200 300 Hold time 1 5
Late 1in 10 3in 10 Reservations 1 4 Travel time 2.5 2 Travel time 2.5 2
Choice 3 A B Choice 3 A B Choice 3 A B Choice 3 A B
Late 2in 10 1in 10 Reservations 14 4 Travel time 3 2 Travel time 2 3
Reservations 14 4 Fare 300 100 Hold time 1 5 Late 3in10 [ 1in10
Choice 4 A B Choice 4 A B Choice 4 A B Choice 4 A B
Reservations 1 14 Late 2in10| 1in10 Hold time 5 1 Fare 100 300
Hold time 1 5 Fare 100 200 Reservations 14 4 Late 3in10 | 1in10
Choice 5 A B Choice 5 A B Choice 5 A B Choice 5 A B
Hold time 5 3 Late 2in10| 1in10 Reservations 1 14 Fare 200 300
Travel time 2.5 3 Travel time 2 2.5 Late 2in10 | 3in 10 Reservations 1 4
Seta st [ sets
Choice 1 A B Choice 1 A B Choice 1 A B Choice 1 A B
Travel time 3 2 Travel time 3 2 Hold time 1 5 Late 3in10 [ 1in10
Late 2in 10 3in 10 Reservations 14 1 Late 2in10 | 1in10 Reservations 14 1
Choice 2 A B Choice 2 A B Choice 2 A B Choice 2 A B
Late 3in 10 1in 10 Reservations 1 4 Late 3in10 | 1in10 Reservations 1 14
Hold time & 5 Late 1in10 | 3in10 Travel time 2.5 3 Travel time 25 8
Choice 3 A B Choice 3 A B Choice 3 A B Choice 3 A B
Hold time 1 3 Late 1in10 | 3in10 Travel time 2 3 Travel time 3 2
Fare 300 100 Hold time 5 1 Reservations 4 14 Fare 100 300
Choice 4 A B Choice 4 A B Choice 4 A B Choice 4 A B
Fare 100 300 Hold time 5 3 Reservations 14 1 Fare 300 200
Reservations 1 14 Fare 100 200 Fare 300 200 Hold time 1 5
Choice 5 A B Choice 5 A B Choice 5 A B Choice 5 A B
Reservations 4 1 Fare 300 100 Fare 100 300 Hold time 3 1
Travel time 2.5 2 Travel time 2.5 3 Hold time 5 1 Late 2in10 [ 3in10

Reminder Call

The night prior to the assigned travel day, reminder calls were made to the respondent. This
reminder call served three key purposes:

e To confirm that the respondent received the packet and to answer any questions respondents
might have about using the diary to track their travel;

e To schedule an appointment for the retrieval interview; and

¢ Toincrease the likelihood that the household would follow through with recording their travel
by reiterating the importance of the study and the household’s commitment to participate.

For those instances where an answering machine was reached, the interviewers left brief mes-
sages that referenced a toll-free number for respondents to call if they had questions.

Data Retrieval Telephone Interview

The day after the assigned travel period or at the appointed time, telephone calls were made
to retrieve the travel data recorded by each respondent in his/her travel diary. The interviews
were guided using Computer-Aided Telephone Interviewing (CATI) programs of the retrieval
interview form. The average retrieval interview length was 20.31 minutes. The retrieval rate was
55 percent. This was calculated by dividing the completed retrieval calls (807) by the number of
recruited households (1,455).

Processing

Data processing took place throughout the survey, beginning with the release of the sample
for recruitment, processing recruitment data for the respondent mailing, appending the retrieval
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data to the master data tables, and performing quality control on the data. A master control file
tracked the progress of each respondent through the various survey stages with codes to allow
for immediate identification of problem cases that were not progressing according to schedule,
as well as for confirmation that cleared cases moved along as appropriate.

Real-Time Geocoding

All trip-ends and habitual addresses were geocoded during the retrieval telephone inter-
view. The geocoding software was designed to provide interviewers with study-area details
(e.g., road names and landmark references). Interviewers used this additional detail to con-
firm respondent-reported locations in real time. Once the interview was completed, full
address information, with matching x-y coordinates, for 100% of the locations was imme-
diately available.

Data Edit Checks and Cleaning

Routine and customized data quality checks and data cleaning were performed on master data
files. Routine checks included such items as

e Data range checks (was there data outside the expected range?);

e Checks for intra-household travel inconsistencies;

e Checks for missing data (this was done by a combination of queries and direct data viewing
of the internal delivery files, and minimized processing problems);

e Checks for proper data skips;

e Checks to ensure that deliverable files included the data items on the matrix and that variables
were properly named; and

o Checks for high frequency of item non-responses (checked throughout data collection).

Data cleaning and preliminary data analysis reduced the number of usable, completed travel
surveys to exactly 800.

Characteristics of the Survey Sample

Because of stratification, the survey is not representative without weighting (which was done
for the model estimation described in the next chapter). Chapter 4 presents weighted tabula-
tions. The highlights below represent characteristics of the sample used for the research.

Survey Response Characteristics
1. The sample was split almost exactly 50/50 between Dallas and Fort Worth: 406 from Dallas
DART and 394 from Ft. Worth MITS.
2. Only about 6% refused to answer each of the Stated Preference questions.
3. 88% said they were willing to participate in future surveys.

Demographics of the Sample

4. There were more African-American (49%) than White (41%) respondents; 12% identified
as Hispanic or Latino.

5. Very few people live in nursing homes or assisted living. (This was deliberate as part of
survey administration procedures. Initially, some attempts were made to interview nursing
home residents, but response rates were very low, and nursing home staff were generally
not cooperative.)

6. Regarding household characteristics: 41% lived alone and 30% lived with one other person;
52% lived in a single-family unit and 44% lived in a duplex; 61% had an annual household
income under $15,000; 52% lived in a household with no vehicle.
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7.

8.

15% were employed and 1% were students; 54% described themselves as “disabled/on dis-
ability status” and 22% described themselves as retired.

67% of the respondents were female, 68% were age 50 or older, and 29% were age 65 or
older. This apparently low representation of older people matches the target set in the sam-
ple stratification and was corrected in the weighting procedure.

58% of respondents had a physical/motor impairment, 13% had a visual/sensory impair-
ment, 11% had a mental/cognitive impairment, and most of the others had some combina-
tion of impairments. It is likely that the sample is somewhat biased toward physical/motor
because they have the easiest time completing the survey. 74% schedule their own trips,
which may also be a bit biased compared to all users. Also, only 8% gave their answers
through a proxy.

Travel Characteristics

10.

11.

12.
13.
14.

15.

16.

17.

About 37% of respondents stayed home all day on Day 1, and about 43% stayed home on
Day 2. Only 22% stayed home on both days. That is lower than had been feared. There is
some non-response/survey fatigue bias on Day 2 compared to Day 1, which is typical. This
was adjusted for in the model estimation process.

The most common reasons for not traveling on the diary day were “homebound elderly or
disabled” or “no plans to travel that day.” Most people who used the first reason did so on
both days, whereas most people who used the second (no plans to travel that day), made
trips on the other day.

34% had a valid driver’s license.

Only 6% had another specialized transit service available.

There were 2,681 person-trips, or about 1.7 per person-day. Of those, 27% were DART ADA
paratransit trips, 22% MITS ADA paratransit, 25% automobile passenger, 8% scheduled
transit, 7% walk, 5% wheelchair/scooter, 4% car driver, and only 2% other modes. 22% of
trips used wheelchair or scooter in combination with other modes.

For almost half of the trips by auto/truck/van passenger, there was no other household
member in the vehicle, meaning that the persons often get a ride with somebody else from
outside the HH (household).

About 38% of reported ADA paratransit trips on both systems were subscription and 59%
were scheduled for that trip. Most scheduled trips were scheduled 1 or 2 days in advance,
although some were scheduled to 7 days (DART) and 14 days (MITS) in advance.

All trip-ends were successfully geocoded.
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CHAPTER 3

The ADA Paratransit
Demand Models

This chapter describes the component models that make up the full modeling systems, how

these components are related to each other, the results of the model estimation process, how the
models were calibrated, and the results of sensitivity tests.

Overview of the Model Components

The model system is made up of aggregate components and disaggregate components:

¢ The aggregate components include a model that predicts the number of registered users of the

ADA paratransit system living in each census tract and traffic analysis zone (TAZ) within the
region. Further steps transform the output of this model into a “synthesized population” in each
TAZ needed to run the disaggregate components. In addition there is an aggregate calculation
of the ADA paratransit service level (expressed as “generalized travel time” compared to driving
a private car) that applies to the entire region.

e The disaggregate components are a series of models that can be applied to the detailed survey

data (or a synthesized population) to predict the number, purpose, mode, and destination
of trips made during a representative weekday for a registered user of the ADA paratransit
system.

The model system can be run in two modes, a “regional mode” and a “sketch mode.”

The regional mode can use detailed demographic data (e.g., at the census tract level) from a
region other than the Dallas-Fort Worth region that was treated in the research.

The sketch mode uses demographic data from the Dallas-Fort Worth region, but allows a
user to assume changes in region-wide demographic statistics and ADA paratransit service
characteristics and see how these changes affect predicted travel.

Most of the aggregate model components are only run in the regional mode.

The disaggregate components can be used to predict the characteristics of all trips made on

a typical weekday by the given sample of ADA-eligible users and are the components used in
the “sketch mode” of running the model. However, those results are specific to the particular
ADA-eligible population in the Dallas-Fort Worth region and to the specific residence locations
of our survey sample within that region. Further models and analysis were required to transform
the model system into a model of ADA paratransit demand that can be applied to other regions.
Two main approaches could have been followed:

1. Synthesize a population of ADA-registered persons within each TAZ of a region.
2. Use our survey sample of ADA-registered persons, and re-expand it for each TAZ of a region

to represent an ADA-eligible population within each TAZ
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Although the first approach is more typical in applied travel demand modeling, the second
approach seems more accurate for this study context. There are at least two important reasons
for this. First, there are no available data sources, such as the census, that can tell us what the
detailed characteristics of the ADA-registered population are. Our own survey sample is likely
the best source of detailed data that exists for this purpose, so we should try to use that informa-
tion to the greatest extent possible. Second, our models contain a few variables, such as disability
type, that are not available from standard data sources. (The census definitions of disability are
unlikely to be useful for this purpose.) Therefore the second approach has been used.

The “aggregate model components” are shown in Table 3-1 and introduced briefly below.
Following that, the disaggregate components are introduced before discussing the detailed
results for each model.

Aggregate Components

The ADA paratransit registration rate model: This model predicts the percentage of the
adult (age 184) population within a census tract who are registered as eligible to use ADA
paratransit service and have either made an ADA paratransit trip or else registered within the

Table 3-1. Model system components.

Aggregate components (run for each census tract or TAZ)
Model Choice level Predicts Key input variables
ADA paratransit Census tract (could | Percent of people Tract age distribution
registration rate also be applied at that register to use Tract income distribution
model other spatial levels) | ADA paratransit Tract household size and type
distribution
ADA-ADA Census tract (could | Expansion factors for | Tract income distribution
paratransit also be applied at the survey sample Tract age distribution
registered population | other spatial levels) | specific for each Tract household size and type
synthesis census tract distribution
Corresponding regional distributions
Allocation of ADA- TAZ Residence TAZ for Zonal population
registered population each survey record | Tract population
to zones within each tract More detailed inputs
Generalized ADA All zone-to-zone Generalized travel ADA paratransit travel time (relative to
paratransit service pairs time by ADA driving own car)
levels paratransit (based ADA paratransit fare
on Stated ADA paratransit punctuality (at pick-up or
Preference data) drop-off point)
Disaggregate components (run for each person in synthesized population)
Model Choice level Predicts Key input variables
Tour generation Person-day Number and main Household characteristics
model purpose of home- Person characteristics
based tours made in | Residence zone accessibility measures
the day
Tour main mode Tour Main mode used for | Household characteristics
choice model the tour Person characteristics
Residence zone accessibility
Tour main purpose
Intermediate stop Tour Number and purpose | Tour main purpose
generation model of intermediate stops | Tour main mode
made during tour Number of tours made in day
Trip mode choice Trip Mode used for each | Tour main mode
model trip in a tour Position of trip in the tour
Trip destination Trip Destination zone for | Trip purpose
choice model each trip in a tour Trip mode and tour mode
Trip origin zone
Automobile travel time and distance
between all zone pairs
Zonal attraction variables
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previous 12 months. (Those characteristics describe the sampling universe for our survey sam-
ple.) It was estimated by tabulating the number of actual registered users in the Dallas (DART)
and Fort Worth (MITS) databases to the census-tract level and regressing that against tract-level
data from the 2000 census, using data on the age, income, household size, and household type
distributions within each tract. The output of this model is used in the ADA paratransit regis-
tered population synthesis procedure described below, giving the size of the population to be
synthesized within each census tract.

ADA paratransit registered population synthesis: This procedure re-expands the survey
sample, which was originally expanded to represent the entire region, but is now expanded to
represent each census tract separately. With this procedure, a new sample expansion factor is
generated for each sample member for each census tract, so that the sample is now representative
of each tract. This is done using iterative proportional fitting (IPF) based on the characteristics
of each sample member and on the population distribution of each tract relative to the region
as a whole. The ADA paratransit registration rate model determines how many registered users
there are in each census tract—thus the total size of the registered population that is synthesized
in each tract.

Allocation of ADA-registered population to zones: Using the best available estimate of the
fraction of the population within each census tract living in each TAZ within the tract, synthetic
households in each tract are randomly allocated to specific TAZs, assuming that the spatial
distribution of the ADA-eligible population across zones in the tract is the same as the spatial
distribution of the general population.

Generalized ADA paratransit service levels: The user of the model system can set assump-
tions regarding the travel time via ADA paratransit relative to driving one’s own car, the fare
for ADA paratransit trips, and the punctuality of ADA paratransit in terms of the frequency of
delays at the pick-up or drop-off point. Using tradeoff analysis from the Stated Preference data
collected as part of our survey, these inputs are translated into a “generalized travel time” via
ADA paratransit for each origin-destination zone pair in the region, and that generalized time is
used as input to the disaggregate model components described below.

Disaggregate Components

The tour generation model: This model predicts the number of home-based tours that a
particular person makes during the day, and, for each purpose, predicts the main purpose for
making the tour. A small percentage of tours have multiple out-of-home stops with different
activity purposes, so a “tour main purpose” is designated, as described in more detail below. The
likelihood of making tours for various purposes is modeled as a function of household charac-
teristics (e.g., size, income, and number of vehicles), person characteristics (e.g., age, gender, and
type of disability), as well as measures of residence zone accessibility. In total, there were roughly
1,030 home-based tours recorded by the survey respondents during approximately 1,600 travel
diary person-days, or an average of 0.63 tours per person-day.

The tour main mode choice model: For each tour generated by the generation model, the
main mode choice model predicts the primary mode used to make that tour as a choice of
the following alternatives: car drive-alone, car shared-ride, ADA paratransit, scheduled public
transit, other special transit, and walk/wheelchair. A small percentage of tours use more than
one mode (e.g., ADA paratransit in one direction and car passenger in the other direction), so a
“tour main mode” is designated as described in more detail below. The likelihood of choosing
each mode is modeled as a function of the household, person, and residence zone characteristics
modeled above for tour generation; of mode “accessibility” (a measure of overall ability to reach
activities by each mode); and of the tour main purpose.
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The intermediate stop generation model: As part of the 1,030 home-based tours in the data,
there were approximately 300 “extra” stops made in addition to the stop at the primary tour
destination. This small number of stops was deemed important enough to include in the model
system, but not large enough to estimate a detailed model with all household and person charac-
teristics. Therefore, a relatively simple model was estimated to predict the number and purpose
of any extra stops made during each tour as a function of only the tour main purpose, the tour
main mode, and the number of tours predicted to be made during the day. The tour mode is
important because some modes, particularly the private automobile, can be used more flexibly
than others, and therefore are more amenable to making multiple stops during a single tour.

The trip mode choice model: Out of roughly 2,400 person-trips that are part of the survey
data, there are only about 200 trips where the trip mode is not the same as the main tour mode.
Again, this is important enough to represent in the model system, but there were not enough
cases to estimate a detailed model. A simple classification model was created to predict the mode
for each trip as a function of the tour main mode and the position of the trip in the tour (from
home, back to home, or non-home-based).

Trip destination choice model: Knowing the number and purposes of all stops made on a
tour, and the mode used to reach each stop, the final model predicts the destination zone for
each trip. This is modeled primarily as a function of the time to reach each possible destination
zone via the trip mode, as well as the attractions (jobs of various types and households) within
each zone. The trip destination model is applied beginning at home (the origin of the first trip in
the tour) and predicting the destination of each trip from the current destination. The destination of
the last trip does not need to be predicted, because the tour returns to the home zone by definition.

The placement of trip destination choice at the “bottom” of the decision hierarchy is some-
what different than the approach used in traditional four-step models and tour-based models.
However, it is an approach often adopted in the United Kingdom and some other countries.
In this study, the decision was made because of the distinct characteristics of the ADA-eligible
population. Relative to the general population, this population tends to have less of a choice
among competing modes of transportation, so that the choice of where to go is constrained by
the availability of a mode to get there more often than the choice of travel mode is constrained by
where one wants to go. Clearly, across any group of people, there will be instances of both types
of constraints, and the choices of mode and destination are highly interdependent. On balance,
however, conditioning the choice of destination on which mode is used was judged to be more
behaviorally representative for this population context.

Details of the Aggregate Models
The ADA Paratransit Registration Rate Model

This model predicts the percentage of the adult (age 18+) population within a census tract
who are registered as eligible to use ADA paratransit service and have either made an ADA para-
transit trip or else registered within the previous 12 months. (Those characteristics describe the
sampling universe for our survey sample.)

The dependent variable for the model was determined by first geocoding the addresses of
all the DART and MITS clients who were in the sampling universe for the travel diary survey
(including those who had made one or more trips in the preceding 12 months or had become
eligible and registered within the preceding 12-month period but had made no trips in that
time) and locating them by census tract. In total, this included 14,929 ADA-registered people
spread across 746 different tracts in the Dallas-Fort Worth area. That is an average of 20 persons
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per census tract, with about 90 of those tracts having only one registered person, and 9 tracts
having over 100 registered persons. One extreme case is a tract in the Fort Worth area that has
555 registered persons, almost 30% of the adults in that census tract. This is likely to be a tract
that contains a number of assisted living or other type of senior residential facilities.

Using 2000 census-tract-level data for the population by age group, the fraction of adults regis-
tered to use ADA paratransit in each tract was calculated as the total number of registered people
in our database divided by the census value for population age 18 or older in the tract. This value
was regressed against various census-tract characteristics. Models were tested using the fraction
and the log of the fraction as the dependent variable, with the log-linear models giving the best fit
and most reasonable results. Also, models were estimated using all 936 census tracts in the region,
using only the tracts with at least one person registered (723 tracts), and using only the tracts
with at least two persons registered (642 tracts). The models using all tracts were rejected because:
(1) most of these tracts are completely outside the DART and FWTA scheduled transit service
areas, and thus not strictly eligible for ADA paratransit service; and (2) to implement a log-linear
model, one must assign an arbitrarily low value to use as a substitute for the log of 0, and the model
results can be sensitive to that assumption. The model based only on the 642 tracts with at least two
persons registered was selected as the best model, and the results are shown in Table 9. It is most
important to have a model that predicts well for tracts that have many registered users, because
the tracts with very few users will not contribute much to the overall forecast model system results.

The model in Table 3-2 is a simple least-squares linear regression model (with alogged depen-
dent variable). The R-squared for the model, adjusted for degrees of freedom, is 0.723, which is
quite high for a regression model with over 642 observations and only 14 parameters.

Each variable in the model is discussed below. Most of the variables are based on 2000 census
data for the distribution of population and households in each tract.

Age group: In general, an older population will mean more likely ADA paratransit users. This
was found for the age groups 40-59 and 6074 relative to younger age groups. However, we
could not find any effect for the fraction of the population age 75+.

Table 3-2. Census tract ADA paratransit registration

rate model.
Dependent variable LN(Fra_ctlon qf adult
population registered)

Tract observations used* 642
R-squared (adjusted) .723
Variable Coeff. T-stat
Residual constant -6.611 -12.2
Fraction of population age 40-59 1.400 2.2
Fraction of population age 60-74 2.054 25
Fraction of population below poverty level 1.898 4.8
Median income in tract in 1999 ($K) -0.0059 -3.1
Fraction of HH 1 person single females 1.907 2.3
Fraction of HH 2+ person single female head 2.907 55
Fraction of HH non-family -5.430 -4.4
Average household size -0.099 -1.0
Fraction of HH within DART service area 1.618 15.9
Fraction of HH within FWTA service area 2.138 13.3
Tract is in MITS service area 0.378 2.2
Average walk mode accessibility measure -0.117 -3.3
Ouitlier tract with very high registration rate 2.855 4.8

* Tracts with 2+ people registered
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Income: Two income variables were found to be significant. The first is that the registration
rate increases with the fraction of the population with incomes below the poverty level. It also
decreases with the median income in the tract, which captures much of the variation above the
poverty level.

Household size and composition: Two types of households in particular are associated with
higher registration rates in tracts where these types of households are most prevalent. The first is
females living alone in one-person households. The second is households of two or more people
where the head of household is a single female. (This could be a single mother with children, or
a single woman living with other adults.) On the other hand, for reasons not obvious, a higher
fraction of non-family households is associated with lower registration rates. (These may be
student areas and other areas with a high proportion of young adults sharing rental housing,
which tend to attract younger, mobile residents.) In addition to these variables, the registration
rate decreases slightly as the average household size increases, perhaps indicating more neigh-
borhoods where many households have children present.

Scheduled transit service areas: Two variables were used, representing the fraction of house-
holds in each census tract within the DART and FWTA service areas. There are an average of
6 TAZs in each census tract, and each zone has been designated by NCTCOG as being in the
DART or FWTA service area if the zone centroid is within 20 minutes walking time (1 mile) of
a transit stop. If a TAZ is designated to be in the service area, then all people living in that zone
are designated to be in the service area for the purposes of this calculation. The results show that
these two variables are very highly significant. These variables do much of the job in explaining
which tracts have very low registration rates (because much of the tract is not near any scheduled
transit stops).

DART versus MITS area: After all other variables are accounted for, it appears that the MITS
area has a slightly higher registration rate than the DART ADA paratransit service area, but the
difference is not large compared to other variables in the model.

Walk mode accessibility: Using the TAZ-specific accessibility measures described above and
in Table 3-1 (Model System Components), population-weighted accessibility measures were
computed for each tract as a weighted average across all TAZs in the tract. One would expect the
need for ADA paratransit service to be somewhat lower in an area with high walking accessibil-
ity to retail and service establishments. The results in Table 3-2 show the expected result, with
somewhat lower registration rates where walk accessibility is highest.

Sensitivity to outliers: As mentioned above, there is one tract with very high ADA paratransit
registration—over 30% of adults. To give some idea of the model’s sensitivity to outlier cases,
the model was estimated, isolating the effect of this one tract (as in Table 3-2), or else not isolat-
ing it so that it would contribute to all other estimates. It was found that the other estimates do
not change very substantially when the “outlier” dummy variable is dropped, so the model even
manages to explain the very high registration rate in that tract reasonably well.

Results of the ADA registration rate model: The actual total number of in-scope registered
persons is 7,134 in tracts in the DART service area and 4,426 in tracts in the MITS service area.
Applying the regression model to the same data from which it was estimated gives predicted
values of 7,193 registered persons in all DART tracts and 4,465 registered persons in all MITS
tracts, both within 1% of the actual figures.

The ADA registration rate model was run a number of times, each time increasing one of
the input variables by 10% for every census tract in the region. This shows the sensitivity of the
predicted registration rate to region-wide demographic shifts. The sensitivity test results shown
in Table 3-3 are very similar for the DART and MITS regions. The elasticity (percent change in
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Table 3-3. Elasticities for ADA registration rate.

(Based On Model Application)

Elasticity
Variable DART MITS
Fraction of population age 40-59 0.34 0.32
Fraction of population age 60-74 0.18 0.18
Fraction below poverty level 0.36 0.41
Median income level -0.23 -0.21
Fraction single female 1 person HH 0.28 0.28
Fraction single female 2+ person HH 0.60 0.58
Fraction non-family HH -0.31 -0.29
Average household size -0.28 -0.28
Average walk mode accessibility -0.94 -0.90

the prediction divided by the percent change in the input variable) is in the range of 0.2 to 0.4
for most of the variables tested. The walk mode accessibility variable has the largest elasticity,
although it is not intuitively clear what changes in land use or pedestrian infrastructure would
be needed to cause a 10% shift in that accessibility measure.

ADA Paratransit Registered Population Synthesis

The disaggregate models are designed to use as input a sample of individual households and
people within each TAZ. A common practice in travel demand modeling is to use the Public
Use Microsamples (PUMS) available from the census. In order to apply the ADA paratransit
demand models, a similar sample of households with ADA-ADA paratransit-eligible individu-
als is needed. Given that no such sample is actually available, a “synthetic population” is created
within each census tract and TAZ using the following procedure.

1. For each tract, using census data, compare the regional population distribution to the tract-
specific population distribution along three dimensions:
* Age group: e.g., 18-39, 40-54, 55-64, 65-74 and 75+
¢ Income group: e.g., $0-15,000, $15-30,000, $30-60,000, and $60,000+
e Household type: e.g., 1 person male, 1 person female, 2+ person single female, 2+ person

non-family, 2+ person family with children, 2+ person other

2. Using the full weighted representative survey sample, estimate the marginal and joint distri-
butions across the three dimensions above for the 15,000 or so registered ADA users in the
region.

3. For each tract in the region, estimate new marginal distributions for the ADA-registered
population in that tract using a pivot-type procedure based on the total adult population
characteristics in the specific tract relative to the entire region:

(Marginal fraction for ADA-eligible in total region ) x
= (Marginal fraction for full adult population in tract)/
(Marginal fraction for full adult population in region)

Marginal fraction for
ADA-eligible in tract

4. For each tract in the region, using the joint distribution for the weighted survey sample from
Step 2 as a starting point, apply iterative proportional fitting (IPF) to the expansion factors
in the survey sample to calculate new, tract-specific expansion factors for each observation
so that the distributions for the weighted sample in the tract match the adjusted marginal
fractions from Step 3.

5. Using the best available estimate of the fraction of the population within each census tract
living in each TAZ in the tract, randomly allocate each synthetic household in each tract to a
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specific TAZ. This assumes that the spatial distribution of the ADA-eligible population across
zones in the tract is the same as the spatial distribution of the general population. This may
not always be correct, but, unless there is more accurate local data available about the spatial
distribution of the ADA-registered population, this is the best that can be done. (Such data
is available in Dallas/Fort Worth, but the objective is to create a method that can be applied
even in regions with less detailed data.)

In theory, if the data were available, the process described above could be applied at a level
smaller than a census tract, such as a block group or even a single census block or TAZ. For
future applications it may be worth investigating if this same method could be applied using
block group data, perhaps from the most recent years of the ACS survey. Note that if it were
possible to apply Steps 1 through 4 above at a TAZ level instead of a tract level, then Step 5 would
not be necessary.

It is also worth mentioning that the above procedure will generally produce a synthetic sample
that has more persons than the actual ADA-eligible population, with average expansion factors
less than 1.0. As an alternative, it would be possible to sample just the estimated number of
ADA-registered people within each tract, so that every case has an expansion factor of exactly
1.0, following the sampling procedure typically used for activity-based models. However, such
a sampling method introduces extra stochastic simulation error that is not introduced with the
re-expansion procedure above. Also, it would be difficult to incorporate the information pro-
vided by the current sample expansion factors. In the re-expansion procedure outlined above,
the information from the original expansion factors that adjust for survey oversampling is main-
tained throughout the process.

Generalized ADA Paratransit Service Levels

The model incorporates sensitivity to ADA paratransit service variables, such as fare and
punctuality, by means of factors that translate changes in the level of service variables into equiv-
alent changes in travel time. Because travel time is a variable already included in the demand
models, this method allows the model system to be sensitive to ADA paratransit fare and reli-
ability as well. The resulting modified travel time is referred to as “generalized ADA paratransit
travel time.”

The procedure is necessary because all of the surveyed ADA paratransit users in the Dallas-
Fort Worth area are offered virtually the same ADA paratransit service in terms of fares, reliabil-
ity, reservation system, and so on, so it is not possible to impute the influence of those variables
on demand from the travel diary data alone.

The factors for converting level of service variables into equivalent travel are derived from a
separate Stated Preference (SP) experiment that was included in the travel survey. Each respon-
dent was given five tradeoff questions requiring a choice between various scenarios, each involv-
ing randomized combinations of fare, travel time, late pick-up or drop-off, reservations policy,
and time on hold to make a reservation. Further detail is provided in the survey report. Analysis
of the respondents’ choices yields the coefficients shown in Table 3-4.

Fare: The effect of fare was estimated separately for the lowest income group (<$15,000/year)
and all others. Each group was about 50% of the sample. For both groups, fare has a significant
coefficient with the expected negative sign, meaning that a higher fare reduced the probability
of choosing the associated scenario. Also, as expected, the coefficient is larger (more negative)
for the lower income group than the higher income group. In the “Equivalent Fare” column of
Table 3-9, the equivalent of a dollar fare for the lower income group is set at $1.00. For the higher
income group, a dollar of fare only has an equivalent utility value of about $.58 cents, which is
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Table 3-4. Stated preference estimation results.

Equivalent

Equivalent | % Travel
Variable Coefficient T-statistic Fare Time
Fare($) - lowest income segment -0.288 -4.5 $1.00 58 %
Fare($) - higher income segment -0.168 2.2 $0.58 34 %
Travel time- multiple of car time -0.497 -8.0 $1.73 100 %
Late pick-up- times out of 20 trips -0.305 -6.5 $1.06 61 %
Late drop-off- times out of 20 trips -0.406 -9.7 $1.41 82 %
Days in advance reservations are allowed -0.0599 -6.8 Not used Not used
Time may wait on hold (min) 0.0258 1.0 Not used Not used

calculated by dividing the fare coefficient of —0.168 for this group by the fare coefficient of —0.288
for the lower income group. The result is shown in the Equivalent Fare column. Another way
to say this is that the higher income group values a dollar difference in fare 42% less than the
lower income group.

Travel time: The travel time coefficient is very significant. Each multiple of car time has a
value of about $1.73 for the lower income group (the time coefficient divided by the low-income
fare coefficient). In other words, if the travel time for a trip that takes 3 times as long as by car
were reduced to a time only 2 times as long as by car, these respondents would be willing to pay
an extra $1.73 in fare. If the average car travel time were, say, 30 minutes, then this would imply
a value of time (VOT) of about $3.50 per hour, which seems reasonable for this low-income
population. For the higher income group (which is still mostly in an income range less than
$35,000 per year), the VOT would be about $5.50 per hour.

In the Equivalent % Travel Time column of Table 3-4, the value for travel time is set arbitrarily
as 100%. Then the coefficients for other variables are used to calculate equivalent percentages
of travel time. For example, for the higher income group, the fare coefficient of —0.168 is 34%
of the travel time coefficient of —0.497. This is interpreted as meaning that $1.00 of fare has an
equivalent utility value of a change in travel time of 34% of the travel time by car for the same
trip. For example, a $1.00 fare increase would be equivalent to increasing ADA paratransit travel
time from twice the travel time by car to 2.34 times as long as the travel time by car. Note that
actual ADA paratransit travel times relative to private car travel times in Dallas-Fort Worth
are not known, so this result is used only to represent the effect of other variables in terms of
equivalent changes in travel time.

Reliability: Late pick-up and drop-off times: This variable also has the expected nega-
tive sign and is very significant. To reduce the chance of a very late pick-up by 5% (1 in
20 trips), the person would be willing to pay about $1.06 more in fare. The variable was even
more important when presented in terms of drop-off time at the destination instead of pick-
up time at the origin. In that case, reducing the chance of a late drop-off by 5% is valued at
$1.73 in fare. Each of these is also shown in terms of equivalent change in travel time. For
example, to reduce the chance of a late drop-off by 5%, respondents would be willing to have
an increase in travel time from twice as long as the same trip by car to 2.82 times as long as
the same trip by car.

Days in advance reservations are allowed: This variable also has a negative and significant
effect. In this case, however, we had expected a positive effect from being able to reserve earlier.
A possible explanation is that people interpreted this variable as the number of days in advance
required to reserve a trip, instead of the number of days allowed. If people suspect that trips will
fill up ahead of time, then they may interpret those two concepts to mean more or less the same
thing. Given that requiring a reservation more than 1 day in advance is not permitted under
ADA regulations, this result has no application in the model.
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Time may have to wait on hold on the telephone: This variable also has an unexpected sign,
with a slight positive coefficient for more minutes spent waiting on hold. In this case, however,
the result is not significantly different from zero, so we can assume that the effect of this variable
is negligible compared to the other ones, and omit this variable from model application. This
does not mean that hold time is actually unimportant, but the Stated Preference procedure was
not able to gauge its importance.

Predicted sensitivity to service variables: To see how fares, travel time, and on-time service
affect travel demand in the model, the model system was run to test the sensitivity to ADA
paratransit travel time, which is a variable already included in the choice models (described in
the next section). The resulting elasticities with respect to changes in ADA paratransit travel
time are

The number of ADA paratransit passenger trips =-0.5
The number of ADA paratransit passenger-miles =-1.1
The total number of trips made by ADA-eligible persons = —0.1

This means that if ADA paratransit travel time increased by 10%, the number of passen-
ger trips would decrease by 5%, and the ADA paratransit trips would become shorter, on
average, so the number of passenger-miles would decrease by 11%. Most of the decrease
in ADA paratransit trips would be made up by a corresponding increase in trips by other
modes (mode shift), but not all of them—there would be a 1% decrease in total trips
made by ADA-eligible persons (trip frequency shift). This elasticity for total trip-making
is quite small, but still quite a bit higher than trip “suppression” elasticities estimated for
the general population, which are typically much smaller than —0.1. Conversely, the mode-
specific elasticity of —0.5 is toward the low end (in absolute value) of the range of values
typically estimated for the general population, based on the experience of the research team.
On average, the ADA-eligible population tends to have fewer mode options than the general
population, which would explain the results of relatively less mode switching and more trip
suppression.

In the model, the effects of changes in ADA paratransit fare and ADA paratransit reliability
are incorporated by making the equivalent percentage change in ADA paratransit travel time, as
taken from the right-hand column of Table 3-4 above. The results of changing these variables in
the model system base scenario are shown in Table 3-5.

The first row shows the same sensitivity to travel time change as described above. The next
two rows show the predicted effects of a $1.00 fare change for the income segments above
and below $15,000 per year. At the existing fare level in Dallas and Fort Worth of $2.75, this
would be a fare elasticity of —0.41 for the lowest income group and —0.23 for the higher income
groups. These are in the same general range as fare elasticities typically estimated for scheduled
transit riders.

The model is quite sensitive to punctuality, where, following the Stated Preference results,
a change in punctuality of 5% (1 in 20 trips) has more effect on demand than a $1.00 change
in fare.

Table 3-5. Predicted trip changes for service variables.

Change in Variable Change in ADA Change in Trips by
Paratransit Trips All Modes
10% increase in travel time 5% decrease 1% decrease
$1 fare increase: lowest income segment 12% decrease 2% decrease
$1 fare increase: higher income segment 7% decrease 1% decrease
5% (1 in 20) more trips are late 14% decrease 2% decrease
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Details of the Disaggregate Models
Disaggregate Model Input Data
Three main types of data were used to estimate the disaggregate models:

1. Travel survey data: Full trip diary data for 2 days for each of 800 respondents
2. Zonal attraction data: For each of 5,386 designated TAZs in the NCTCOG region, the fol-
lowing variables were used:
¢ The number of resident households
¢ The number of resident people
¢ The number of service jobs
e The number of retail jobs
e The number of other jobs (called “basic” employment)
¢ The number of hospital/medical center jobs (an important subset of service jobs)
3. Zone-to-zone travel time and cost matrix data: For each origin-destination zone pair,
NCTCOG provided network matrices of the best path values of
¢ AM peak period automobile travel times
e PM peak period automobile travel times
Off-peak period automobile travel times
AM peak period transit variables (fare, in-vehicle time, wait time, walk time)
Off-peak period transit variables (fare, in-vehicle time, wait time, walk time)

The times are from network “skim” matrices based on the shortest path through a congested
network loaded with a number of trips appropriate to the specific time period. The automobile
skims used are for single-occupant vehicles, not including use of any carpool-only lanes.

Using this data, we also created composite accessibility variables for travel from each TAZ.
These variables give a measure of ability to reach activities of interest by each mode. The acces-
sibility variables are specified as

Accessibility = LN (sum across destinations [Attraction variable/ EXP(impedance variable)])

This is essentially the expected value (logsum) from a simple destination choice model, which
is a formulation often used in travel demand modeling and is consistent with discrete choice
theory. The specific attraction and impedance variables are different for each mode. Table 3-6
shows the measures created for this study and the corresponding definition of the attraction and
impedance variables. ADA paratransit accessibility (not shown in the figure) is calculated using
the same equations as the automobile accessibility variable, but substituting ADA paratransit
“generalized time” for the automobile travel time. ADA paratransit generalized time is initial-
ized to be the same as automobile time, but then adjusted according to the user input changes
for ADA paratransit travel time, ADA paratransit fare level, and ADA paratransit fare, using the
Stated Preference analysis results. ADA paratransit accessibility is used in the tour generation

Table 3-6. Zone accessibility measures.

Accessibility measure | Attraction variable Impedance variable
Off-peak automobile Service + retail jobs (Off-peak outbound automobile time + off-
peak return automobile time) / 40 minutes
Peak auto Total jobs (AM peak outbound automobile time + PM
peak return automobile time) / 40 minutes
Walk Service + retail jobs (Off-peak outbound automobile distance +
off-peak return automobile distance) / 2 miles
Off-peak transit Service + retail jobs (Off-peak transit in-vehicle time + 2.0*
Off-peak out-of-vehicle time) / 80 minutes
Peak transit Total jobs (AM peak transit in-vehicle time + 2.0*
AM peak out-of-vehicle time) / 80 minutes
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and tour mode choice models, while the generalized ADA paratransit time is used in the model
of destination choice for ADA paratransit trips.

Many regions have attraction employment variables split into more categories than the list
above, including government employment, office employment, food service employment, and
entertainment employment. An advantage of using the few categories available from NCTCOG,
however, is that the model will be applicable in most other regions, because almost all regions
have a split of jobs into at least the three categories of service, retail, and other. Many regions
may not have hospitals and medical centers coded as a separate employment category, but could
generate such data from available data sources if needed for this model.

Scheduled Transit Service Data

Ideally, the model would use transit times and fares for transit trips. As mentioned above,
NCTCOG did provide origin-destination (O-D) matrices for scheduled transit times and fares, for
both peak and off-peak periods. However, when using this data together with the survey records, it
was found that the NCTCOG matrices only have transit connections for 4 of the 57 O-D zone pairs
for which transit trips were actually reported in the survey data. We checked carefully for possible
problems in our geocoding of the trip-ends to the NCTCOG zone system and did not find errors.
We also input various reported transit trip origin and destination addresses into the Dallas and
Fort Worth online transit route information systems and found that there are actually valid transit
connections for those address pairs. So, the problem in this case appears to be incomplete coverage
of transit connections in the NCTCOG transit matrices.

This is a typical occurrence in travel modeling, where some transit trip observations need to be
rejected from the models because there are no network time and cost data for the O-D zone pair
of the observed trip. In this case, however, the problem affects most of the scheduled transit trip
observations, for which we have very few to begin with. As a result, we have estimated the models
described below without making extensive use of the NCTCOG transit time and cost matrices,
but in a way that still allows us to keep the scheduled transit mode alternative in the models.
In terms of applicability of the model, there is some attraction to this approach, because it will
make the resulting model system much easier to use, especially for smaller regions and ADA
paratransit agencies that do not have access to scheduled transit network matrix data. Because
the 29 scheduled transit tours in the survey are only 2.9% of all tours reported and there are over
22 times as many ADA paratransit tours as scheduled transit tours, the inability to use detailed
scheduled transit travel time and cost data has little effect on the overall results.

The Tour Generation Model

This model predicts how many home-based tours (a chain of two or more trips starting and
ending at home) a person will make during a day, as well as the main purpose of each of those
tours (the activity purpose at the main tour destination). The following purposes were distin-
guished in the data:

e Dialysis

e Other medical purpose
e Work/work-related

¢ School/school-related
e Adult daycare

e Shopping

e Other errands

e Personal business

e Eata meal
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e Civic/religious
e Recreation
e Social visit

In cases where more than one destination was visited during a tour, the primary destination
and purpose was defined as the one with the highest priority activity purpose, with the assumed
priority order as above—medical the highest and social visit the lowest. In cases where the same
activity purpose was carried out at two different destinations within a tour, the primary tour
destination was selected as the one with the longest duration of stay at that location.

A “nested logit discrete choice model” was used to represent the choice to make a tour during
the travel day for any of the different purposes or else stay at home. (Saying the model is “nested”
is a technical matter not always clearly related to behavioral issues. Nesting is a way of represent-
ing that certain alternatives are more closely related than others in statistical terms.)

If the person makes one tour, then there is a choice to make another tour during the day or
to stay at home and not make any more tours and so on. In cases where a person makes another
tour, the model also predicts the primary purpose of the tour. It is specified as a nested model
across nine different alternatives, as shown below:

Level 1:

Alternative 1: Make another tour
Alternative 2: Stay home for the rest of the day

Level 2: Eight alternatives nested under Alternative 1 above:

1A. Dialysis/other medical tour

1B. Work tour

1C. School tour

1D. Adult daycare tour

1E. Shopping/restaurant tour

1F. Recreation tour

1G. Social visit tour

1H. Personal business/other errand/civic/religious tour

Each of the nine alternatives (1A-1G and 2) has explanatory variables related to the likeli-
hood of choosing that alternative. The “base” alternative was specified as 1H, personal business/
errands/civic and religious, so the variables for the other tour purposes represent the likelihood
of making a tour for that purpose relative to personal business.

The model results are shown in Table 3-7. A wide variety of different variables was tested,
and, after discussion of initial results, a selection was made based on statistical and behavioral
considerations of which variables to keep in the model.

In Table 3-7, for each purpose and each explanatory variable, two numbers are shown:

1. A coefficient, which represents the strength of the relationship; the higher the coefficient, the
more the variable increases the likelihood of making a tour for this purpose. A negative coefficient
means that the variable makes it less likely that a person will make a tour for this purpose.

2. A T-statistic, which is related to the statistical probability that the estimated relationship is
real, i.e., that the coefficient is actually different from zero. T-statistics of 1.8 or greater are
generally interpreted as meaning that a coefficient is significantly different from 0, although
the significance is related to sample size as well, and it is sometimes valid to maintain variables
that are somewhat less significant but have a reasonable outcome based on experience with
other travel behavior models.
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Table 3-7. Tour generation model results.

Model name Tgen2bw
# Observations 2612
Final log-likelihood -2664.0
Rho squared w.r.t. 0 0.536
Rho squared w.r.t. constants only 0.229
Nesting of tour purposes under stay-at-home alternative Coeff= 0.727 t-stat= 5.2
adult social | personal
medical | work | school | daycare | shopping / visit business | stay at
Choice tour tour tour tour meal tour | recreation tour | tour tour home
Chosen
unweighted 340 159 44 68 204 69 20 125 1583
Chosen
weighted 331 97 31 49 221 88 28 128 1640
Unweighted | Coeff. | Coeff. | Coeff. | Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.
Variable % of observ. | T-stat. | T-stat. | T-stat. | T-stat. T-stat. T-stat. T-stat. T-stat. T-stat.
Age 16 t0 39 20.4% -0.701 1179 1.012 -1.232
2.9 4.2 1.9 -34
Age 65 to 74 24.2% 0.346 1172
1.5 39
Age 75 and up 13.7% 0.564 0.963 0.528 1124 1.187 0.937
1.9 1.5 1.8 2.9 24 3.2
Female 66.0% -0.748 0.486 1.396
2.2 2.7 25
Sensory impairment 23.7% 0.966
24
Physical impairment 72.3% 0.980 0.331 0.348
4.8 1.0 1.7
Mental impairment 22.7% 2.068 -1.476
5.3 -1.7
Income under $15,000 59.6% -0.426 1.669 -0.503
2.8 4.3 -1.1
Single-person HH 38.2% -0.760 -2.722 0.696
-4.5 2.3 35
No cars in HH 53.5% -2.9% -0.469 -0.331
-4.0 2.7 -1.3
Full-time worker 10.3% 0.819 7.568 1.819
1.9 8.0 4.6
Part-time worker 8.0% 6.715
74
Full-time student 5.6% 4.107
75
Part-time student 4.1% 4.160
75
Proxy answers 8.1% 0.511
1.7
Second diary day 48.7% 0.360
25
Already made 1 tour 36.0% 3.781
4.3
Already made 2 tours 3.2% 4.323
4.6
Already made 3 tours 0.2% 6.212
2.8
Home zone 100.0% 0.569 0.569 0.569 0.569 0.569
accessibility 2.6 2.6 2.6 2.6 2.6
DART area 51.3% 1145 | -0.652
2.0 -1.8
Residual constant 100.0 7.609 2669 | 3503 | -1.435 -0.207 -0.934 -2.885 8.836
2.6 0.9 1.2 2.7 -0.9 -3.8 -5.1 3.1

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22720

Improving ADA Paratransit Demand Estimation: Regional Modeling

40

Improving ADA Paratransit Demand Estimation: Regional Modeling

Weighting of observations: In order to gain efficiency in data collection and heterogeneity
in the sample, the survey sample was drawn using a stratified approach, oversampling frequent
ADA paratransit users and younger age groups. In a tour frequency model, the choice probabil-
ity of making a tour is not independent of the probability of being in the sample, particularly
given that we oversampled more frequent travelers. To adjust for this, we used weighted logit
estimation, weighting each observation using the expansion factors described earlier, so that the
overall weighted sample is representative of the full ADA-eligible population. The weighting fac-
tors were also normalized to have an average value of 1.0 in the estimation data so that the total
weighted number of observations is the same as the unweighted total (2,612 observations). The
top rows of Table 3-7 show both the unweighted and weighted frequency with which each choice
alternative is observed in the estimation data. The use of weighting reduces the choice frequency
for the types of tours made most regularly (e.g., work, school, and adult daycare) and increases
the frequency for the types of discretionary tours made on a less regular basis (e.g., shopping,
recreation, and social visits). As one would expect, the weighting also increases the frequency of
the stay-at-home alternative.

Age group: Dummy variables were included for the age groups 16-39, 55-64, 65-74 and 75+.
A dummy variable is 1 if the person is in the category (i.e., in a certain age group) and 0 other-
wise. The model results show the impact of being in each category (age group). The column to
the left shows, for instance, that the 16—39 age categories comprises 20.4% of the unweighted
sample. Persons age 40-54 were designated as the “base” age group, and all other age group
effects are interpreted relative to that base category. For people in the base age group, all of the
dummy variables are zero. (In a logit model, the effects of variables must all be relative to the
effects of some other category, so a “base” category always needs to be specified where the effect
is constrained to 0.) The base age group is not shown in Table 3-7 (nor is the 55-64 age group,
because no significant effects were found for that age category relative to the base group). The
results show that, all else being equal, those in the youngest age group are less likely to remain at
home, less likely to make medical tours, and more likely to make recreation and social visit tours.
(Positive coefficients indicate that a variable is associated with an increase in the probability of
an alternative being chosen, and negative coefficients just the opposite.) Relative to the other age
groups, those in the oldest two age groups are more likely to stay at home instead of traveling,
as one might expect. They are also more likely to make tours for medical purposes. Those in the
oldest age group are also somewhat more likely to travel for medical purposes, adult daycare,
and various discretionary purposes.

Gender: After other variables are accounted for, there are few differences related to gender.
The base case (dummy variable = 0) is male and is not shown. Females make somewhat fewer
tours than males for the adult daycare, but somewhat more tours for shopping and social visits.

Type of impairment: Respondents were asked if they were subject to sensory/visual impair-
ment, physical/motor impairment, or mental/cognitive impairment, or any combination of
those. A respondent could have any number of impairments, so for each impairment the base
case is not having that impairment. These variables are self-reported and not objective catego-
rizations and may not be useful in a forecasting model for the general population. However,
they may be useful for research purposes for explaining behavior. The results show that those
with physical impairments are more likely to travel for medical, work, and shopping purposes,
while those with sensory/visual impairment are more likely to go to adult daycare. Those with
mental impairments are most likely to attend adult daycare and somewhat less likely to make
social visit tours.

Income level: Only one income group was tested, under $15,000/year, the lowest survey
category, which includes a full 60% of the sample. The base case is income over $15,000 per year,
including 40% of the sample. None of the higher income groups have large enough samples to
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estimate income effects reliably. Compared to those with higher incomes, those with the low-
est incomes are more likely to attend adult daycare, but less likely to travel for social visits and
medical purposes.

Household size: It was hypothesized that those living alone may have different behavior from
those living with others, who make up the base case. The results show that those in single-person
households are somewhat less likely to travel for medical and adult daycare tours, but somewhat
more likely to travel for shopping (perhaps because they do not have others to do the shopping
for them).

Car ownership: Those in households with no cars are somewhat less likely to make adult day-
care tours, shopping/meal tours, and recreation tours. Another variable specified as the number
of cars per licensed driver in the household was also tested, but did not show any significant
effects. Overall, car ownership has less influence in the trip generation model than it does in the
mode choice model (reported below).

Employment status: Not surprisingly, full-time workers and part-time workers are much
more likely to make work tours than non-employed people (the base case) are. Full-time work-
ers are also more likely to make medical and recreation tours.

Student status: As one would expect, full-time and part-time students are the most likely to
make school tours. No other significant result was found related to student status.

Proxy responses: Those whose diary information was reported by proxy (another person)
have a positive coefficient for staying at home. This suggests that there is some under-reporting
bias of travel related to proxy responses. It is also possible that proxy answers occurred most
often for those with severe mental incapacity, and these individuals do actually travel less than
others. In any event, the effect is fairly small, only applies to 8% of the survey sample, and can
be adjusted for in model application.

Second diary day: Relative to the first diary day (the base case), respondents were more likely
to choose the “stay-at-home” alternative for the second diary day data. As the diary days were
selected randomly, this indicates an effect of respondent fatigue where people were less likely to
record or report their travel on the second day relative to the first. In any case, we can estimate
this effect and adjust for it when applying the models.

Numbers of tours already made: As one would expect, the more tours that somebody has
already made in the day, the more likely they are to stay at home for the rest of the day. Note that
only a very small percentage of the sample made more than one tour in a day.

Residence zone accessibility level: The intent of this variable is to test whether having
more places available to go to increases trip-making for some purposes. An average of the
off-peak automobile accessibility measure described in Table 3-6 and the weighted ADA
paratransit-specific accessibility was used to represent this effect, given that most trips by
registered users are made either as private automobile passengers or ADA paratransit pas-
sengers. The number of service and retail jobs is used to represent the level of attraction;
for example, retail jobs indicate the presence of retail activities that would attract shopping
trips. (“Accessibility” here refers not to accommodation for people with disabilities but to the
ability of travelers in one zone to reach potential destinations in other zones.) In the model
results, a significant positive effect of this accessibility was found on the likelihood of mak-
ing tours for discretionary purposes (all purposes except medical, school, and work). When
estimated separately for each purpose, the effects were similar, but not significant, so the
variable was estimated jointly across the purposes. No effect was found for medical, school,
or work purposes. These tours tend to be non-discretionary, so their frequency will not be
greatly influenced by accessibility.
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Service area: About 51% of the observations are from those living in the DART (Dallas) ser-
vice area and the other 49% are from the MITS (Fort Worth) service area. After accounting for
all other variables, there are only minor differences between the residents of the two areas, with
those in the DART area somewhat more likely to make school tours and somewhat less likely to
make adult daycare tours than those in the Fort Worth area (the base case).

Residual constants: The alternative-specific constants are residual to the other variables and
have no behavioral interpretation in themselves—their values depend on what other variables
are included in the model specification.

Nesting parameter: The nesting of the eight tour purpose alternatives versus the stay-at-home
alternative has a logsum coefficient of 0.727 and is significantly different from both 0 and 1, indi-
cating that this is a statistically correct nesting structure.

In summary, this model suggests which variables contribute most to the level of mobility
of the ADA-eligible population. It appears, as might be expected, that the frequency of travel
decreases somewhat with age and increases somewhat with automobile ownership, but that
different types of people are likely to travel for different purposes.

The Tour Mode Choice Model

The tour mode choice model is the choice among six main modes:

e ADA paratransit

e Other specialized transit/shuttles
e Regular scheduled transit

e Car shared-ride

e Car drive-alone

o Walk/wheelchair/scooter

In cases where more than one of these modes was used on a tour (a small minority of the
observed tours), the main tour mode was specified as the highest priority mode in the above
hierarchy, where ADA paratransit is the highest and walk is the lowest.

The mode choice results reported in Table 3-8 are generally what one would expect, with
very significant car ownership effects and some differentiation by tour purpose (included as
dummy variables).

Weighting of observations: As in the trip generation model, our sample was non-representative
because we had oversampled on frequent ADA paratransit users, so weighted estimation was
used to adjust for that fact. Looking at the unweighted versus weighted mode shares at the top
of the table, we see the main difference in the ADA paratransit choices (666 unweighted versus
510 weighted) and private car choices (251 unweighted versus 403 weighted), while the weighted
choices for the other mode alternatives increase only slightly.

Mode availability: All modes were set available for all tours, with one exception: automobile
drive-alone is only available if the respondent has a license and the household owns one or more
cars. This was the case for only 178 of the 1,022 observed tours.

Mode nesting structure: We tested various mode nesting structures, which indicate how
certain choices are more closely related than others. A structure that proved reasonable and
statistically significant was to group the modes into three nests as follows:

1. Road-based, flexible route and schedule: (1a) Car shared-ride, (1b) Car drive-alone,
(1c) ADA paratransit, (1d) other specialized transit
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Table 3-8. Tour mode choice model results.

Model name mode2bw
# Observations 1022
Final log- likelihood 971.1
Rho squared w.r.t. 0 0.429
Rho squared w.r.t. constants only 0.179
Coeff. = 0.646
Nesting of scheduled transit and walk in separate nests T-stat=3.5
Other Car Car
ADA special | shared- | drive- | Scheduled Walk/
Choice paratransit | transit ride | alone transit | wheelchair
# chosen-
unweighted 666 16 226 25 29 60
# chosen-
weighted 510 18 334 69 32 63
unweighted Coeff. Coeff. | Coeff. | Coeff. Coeff. Coeff.
T-
Variable % of sample |  T-stat. T-stat. | T-stat. | stat. T-stat. T-stat.
Mode accessibility 100.0 0.877 0.877 0.877 | 0.877 0.877 0.877
logsum 2.3 2.3 2.3 2.3 2.3 2.3
Age 16-39 22.1 1.780
1.9
Age 40-54 20.8 1.468
1.5
Age 55-64 25.1 2.794
2.6
Female 64.0 -1.674
2.8
Sensory impairment 26.1 -1.115 -0.860
-6.0 -1.7
Income under $15,000 51.7 -1.558 -1.303 | 1.263
2.9 2.4 2.0
No cars in HH 49.3 -1.561 4.999
-8.4 1.9
Cars per driver in HH 50.7 4.245
4.8
Work tour 15.4 1.960 2.654
55 2.3
School tour 4.3 1.559 3.439
29 29
Medical/dialysis tour 23.2 0.162 2.588
0.7 3.8
Adult daycare tour 6.7 1.348
3.6
Shopping/meal tour 19.7 -1.494
-5.7
Recreation tour 6.9 -0.229
-0.7
Social tour 2.0 -1.008
-2.1
DART area 52.3 0.268
1.7
Residual constant 100.0 -6.534 | -0.277 | -4.327 | -8.444 -1.519
-8.1 -1.0 -49 [-26 -1.0
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2. Road-based, fixed route and schedule: (2a) Regular scheduled transit
3. Non-road-based: (3a) Walk/wheelchair

The estimated nesting logsum coefficient of 0.646 is significantly different from both 0 and 1,
indicating closer substitution between the four flexible road-based modes than across the three
groups. Several other nesting structures were tested during model estimation—for instance
nesting ADA paratransit with regular scheduled transit—but none gave statistically acceptable
results with logsum coefficients between 0 and 1.

Different types of variables were tested, most of them defined in the same way as for the tour
generation model above. The effects of each variable are described below.

Mode-specific accessibility logsum: Because the tour mode choice model is applied
before destination choice, we do not know exactly where each tour goes when we predict
mode choice. For that reason, we use the accessibility measures defined in Table 3-6 to help
explain the choice of mode as a function of overall accessibility by each mode from the resi-
dence zone to all possible destinations. The off-peak automobile accessibility logsum was
used for all alternatives except for scheduled transit and walk/wheelchair, which used the
off-peak transit accessibility and walk accessibility measures, respectively. The resulting coef-
ficient of 0.877 is significantly different from 0, which shows that differences in accessibility
between ADA paratransit, walk, transit, and automobile across all destinations influence the
choice of tour mode somewhat.

Age group: The only age effects found are that the walk/wheelchair mode is most likely to be
chosen in the younger age groups under age 65.

Gender: Females are less likely to choose the slowest mode, walk/wheelchair. Similar trends
for gender and age are typically found for the walk mode in regional travel models.

Impairment type: Although variables were tested for all three impairment types, significant
effects were found for only one of them—those with sensory/visual impairments are somewhat
less likely to choose ADA paratransit or walk/wheelchair (so, by inference, somewhat more likely
to travel as car passengers).

Income level: Those in the lowest income category are less likely to travel by ADA paratransit
or by private auto. This means that they travel by walk/wheelchair, scheduled transit, or spe-
cialized transit/shuttles instead; however, the sample was too limited to estimate coefficients for
these modes.

Household size: This variable was tested on various modes, but no significant results were
obtained.

Car ownership: Those with no cars in the household (about 50% of the cases) are more likely
to choose scheduled transit and less likely to choose car shared-ride. (Also, car drive-alone is not
available for those households.) For households that do own cars, a variable was included as the
number of cars per licensed driver in the household, capped at a maximum value of 1.0. Those
in households with more cars per driver were more likely to choose the car drive-alone mode.
Although the model shows no direct effect of car ownership on the likelihood of choosing ADA
paratransit, there is a strong indirect effect, because travel by car is the main alternative among
the respondents to traveling by ADA paratransit.

Tour primary purpose: Because of the limited number of tours in the data, we did not esti-
mate separate mode choice models for each tour purpose. Instead, we tested dummy variables
to look for cases where certain modes are more likely to be used for certain types of tours. The
results show that ADA paratransit is more likely to be used for the most regular tour types,
including work, school, and adult daycare tours, and less likely to be used for several of the

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22720

Improving ADA Paratransit Demand Estimation: Regional Modeling

The ADA Paratransit Demand Models 45

discretionary purposes—shopping, meals, recreation, and social visits. Other specialized transit
services are most likely to be chosen for work, school, and medical purposes, corresponding to
the types of institutions/facilities most likely to offer those services.

Service area: About 52% of the observations are from those living in the DART (Dallas)
service area. After accounting for all other variables, those in the DART service area are slightly
more likely to choose ADA paratransit than those living in the MITS service area, but the effect
is small.

Residual constants: The alternative-specific constants are residual to the other variables and
have no behavioral interpretation in themselves—their values depend on what other variables
are included in the model specification.

The Intermediate Stop Generation Model

The intermediate stop model is specified in a similar way as the tour generation model. For
each half of a tour (the first half from home to the main tour destination and then the second
half from the main tour destination back to home), this model predicts how many intermedi-
ate stops are made (if any) and what the purpose of each stop is. The top rows in Table 3-9
show that out of 2,342 choice observations in this model, 2,062 of the choices (unweighted)
are to make no intermediate stops, meaning that there are only 280 such stops observed in
the survey data.

Most of those stops are for shopping/meals (121) or personal business/errands (78).
The weighted data shows an even higher percentage of stops for those discretionary purpose
stops.

Apart from the constants, all of the variables in this model are for the “No (more) stops” alter-
native, with a positive coefficient meaning fewer extra stops per tour and a negative coefficient
meaning more extra stops per tour. Only the residual constants are used to determine which
purpose each stop is for. The model is specified this way (1) because there are very few observa-
tions for most stop purposes, and (2) because of the hierarchical way that the main tour purpose
is determined, the tour purpose can limit the possible stop purposes on any tour. For example,
medical stops can only be on medical tours—if they were on any other tour, then medical would
have been designated as that tour’s main purpose. Similarly, work stops can only be found on
work tours and medical tours, and so on. So, the tour purpose already goes a long way toward
determining the stop purpose.

The explanatory variables in the model shown in Table 3-9 are described below.

Tour main mode: Three tour main modes are used as explanatory variables. As expected, the
tour main mode is very important in explaining the number of extra stops on a tour. ADA para-
transit tours tend to have fewer extra stops, while private car tours tend to have more. The effect
is particularly strong for car drive-alone tours, which are the most flexible in terms of making
multiple stops along the tour. These mode-specific differences are why we chose to model extra
stop generation after modeling the main tour mode.

Tour main purpose: Five tour main purposes are used as explanatory variables. Because of
the time schedules and constraints particular to specific types of tours, tours for some purposes
may tend to include more extra stops. The results show that the less discretionary tour purposes
(work, school, medical, adult daycare) all tend to include fewer extra stops, while shopping/meal
tours include somewhat more stops, on average. These differences, however, are not as large as
the mode-specific differences described above.
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Table 3-9. Intermediate stop generation model results.
Model name sgen2bw
# Observations 2342
Final log- likelihood -1239.2
Rho squared w.rt. 0 0.707
Rho squared w.r.t. constants only 0.123
personal No
medical | work | school adult shopping/ | recreation | social visit business (more)
Choice stop stop stop | daycare stop meal stop stop stop stop stops
# chosen
unweighted 8 4 11 2 121 21 35 78 2062
# chosen
weighted 5 2 12 3 179 20 38 91 1991
weighted Coeff. | Coeff. | Coeff. Coeff. Coeff. Coeff. Coeff. Coeff. Coeff
Variable % of sample | T-stat. | T-stat. | T-stat. T-stat. T-stat. T-stat. T-stat. T-stat. T-stat.
ADA paratransit tour 44.9% 0.439
1.7
Car drive-alone tour 9.3% 1.627
5.8
Car shared-ride tour 35.0% 0.755
-3.0
Medical/dialysis tour 33.7% 0.496
25
Work tour 9.2% 0.667
2.1
School tour 2.7% 5.0
Const
Adult daycare tour 4.8% 0.419
1.2
Shopping/meal tour 25.3% 0.275
-1.4
Income under $15,000 60.6% 0.333
24
Age 40-54 22.5% -0.323
2.2
Physical impairment 70.2% 0.707
39
Sensory impairment 24.8% 0.543
3.0
Proxy data 6.2% 0.458
1.6
Number of tours in day 100.0% 1.066
51
1st half tour 46.7% 1.297
5.4
2 half tour- No. of trips 53.3% 0.254
in 1t half tour 1.6
Already made 1 stop 11.2% 0.394
in half tour 2.3
Already made 2 stops 3.6% 0.184
in half tour 0.7
Already made 3 stops 1.2% 1.224
in half tour 2.3
Residual constant 100.0 -1.606 | -2.748 | -0.923 -2.342 0.675 -1.632 -1.016 0.557
-3.5 3.7 -2.9 -4.1 5.2 -6.6 5.2 1.2
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Household income: Those in lower income households tend to make fewer extra stops per
tour, on average. It is a typical result in travel studies that the number of activities outside the
home tends to increase with income.

Age group: Those in the 40-54 age group tend to make more stops per tour than others—this
tends to be one of the busiest age groups in general.

Type of impairment: Those with physical and sensory impairments make the fewest extra stops
per tour. Complex, multi-stop tours may be more difficult physically for those people to manage.

Proxy data: People whose travel diary data was reported by proxy tend to have fewer extra
stops per tour. The person reporting the travel may not know all of the details of the person’s
tour, or people who need to use proxy reporting may actually make fewer stops. In either case,
the effect is moderate and only applies to 6% of respondents.

Number of tours in the day: In activity-based models, it is a common finding that people
who make more tours during a day tend to make fewer stops per tour—instead of chaining trips
together into a single tour, they tend to split them across multiple tours. The result here shows the
same—the more tours generated in the day, the more likely to choose the “no stops” alternative.

Outbound or return tour half: There tend to be fewer extra stops made on the first (out-
bound) tour half than on the second (return) half. This is also a typical result, as people
often go to the main/most important activity of their tour first upon leaving home and then
make extra stops on the way home, particularly for longer, scheduled activities such as work
and school.

Number of trips made in the first half tour: In general, the more extra stops that some-
body has made on the first half tour, the fewer stops they will need to make on the return
half. This coefficient is not very large, however, implying that some people make stops on
both halves.

Number of extra stops already made in the current half tour: If somebody has already made
one extra stop in the current half tour, they are actually more likely to make another stop than
somebody who has not made any extra stops yet. This result implies that extra stops can often
occur in pairs. However, the coefficients for people who have already made two or three stops
in the tour go in the other direction, meaning that it is very rare to make more than two extra
stops in a half tour.

Residual constants: In this model, the residual constants partly determine the purpose of
any intermediate stops. The constants for all purposes other than shopping/meal and personal
business/errand are significantly negative, because those other types of intermediate stops are
much less common.

The Trip Mode Choice Model

The trip mode choice model is actually just a simple table that gives the probability of each
possible trip mode as a function of (1) the main tour mode and (2) the position of the trip in the
tour—from home, back to home, or non-home-based (NHB).

The survey observations that this model is based on are shown in Table 3-10. In total, there
are 1,021 trips from home, 1,021 trips returning back to home, and 315 NHB trips, indicating
that most tours are simply one trip out and another trip back with no extra stops. Also note
that the large majority of the trips are on the diagonals, with the trip mode the same as the tour
mode. The function of the trip mode choice model is to predict those few cases where the trip
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Table 3-10. Trip mode choice model: survey data trip observations.

Trip mode
ADA Special Scheduled Car Car Walk/

Trip type Tour mode paratransit  transit transit passenger driver wheelchair | Total
From home | ADA paratransit 630 1 3 24 1 2 661
From home | Special transit 16 16
From home | Scheduled transit 25 1 5 31
From home | Car passenger 219 6 225
From home | Car driver 28 28
From home | Walk/wheelchair 60 60
From home | Total 630 17 28 244 29 73 1021
NHB ADA paratransit 7 1 1 25 31 129
NHB Special transit 0 1 7 8
NHB Scheduled transit 6 1 4 11
NHB Car passenger 123 1 124
NHB Car driver 27 27
NHB Walk/wheelchair 16 16
NHB Total 7 1 8 149 27 59 315
To home ADA paratransit 596 5 48 12 661
To home Special transit 13 1 2 16
To home Scheduled transit 15 16 31
To home Car passenger 223 2 225
To home Car driver 28 28
To home Walk/wheelchair 60 60
To home Total 596 13 21 271 28 92 1021

mode is different from the tour mode. Most of those cases are car passenger trips as part of
ADA paratransit tours (97 cases) and walk/wheelchair trips that are part of ADA paratransit or
scheduled transit tours (70 cases). There are only 34 other cases across all cells.

Choice distribution fractions based on the data in Table 3-10 are shown in Table 3-11. The
diagonal nature of the tables (highlighted with bold font) is based on the hierarchy used to define
the main tour mode, where ADA paratransit tours can include any other modes, but ADA para-
transit trips can only be part of ADA paratransit tours. At the other end of the hierarchy, walk/
wheelchair tours can only include walk/wheelchair trips, but walk/wheelchair trips can be part of
any tour. Notice that almost all private car tours (as a driver or passenger) include only private
car trips and no trips by other modes.

In model application, these fractions will be applied “as is,” conditional on tour mode and
trip position within the tour.

The Trip Destination Choice Model

Finally, once we have predicted how many trips are made as part of a tour and what mode
is used for each trip, we predict the exact destination zone location for each trip. This model is
specified to work somewhat differently depending on whether a tour has a single out-of-home
destination or multiple destinations.

Single-destination tours: This is the majority of all tours, particularly for ADA paratransit
tours. For these tours, the destination choice model is applied just once to predict the location
zone of the single out-of-home destination. The model has two main parts:
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Table 3-11. Trip mode choice model: choice distribution fractions.

Trip mode

ADA Special Scheduled Car Car Walk/
Trip type Tour mode paratransit transit transit passenger driver wheelchair
From home | ADA paratransit 95.3% 0.2% 0.5% 3.6% 0.2% 0.3%
From home | Special transit 100.0% 0.0% 0.0% 0.0% 0.0%
From home | Scheduled transit 80.6% 3.2% 0.0% 16.1%
From home | Car passenger 97.3% 0.0% 2.7%
From home | Car driver 100.0% 0.0%
From home | Walk/wheelchair 100.0%
NHB ADA paratransit 55.0% 0.8% 0.8% 19.4% 0.0% 24.0%
NHB Special transit 0.0% 12.5% 0.0% 0.0% 87.5%
NHB Scheduled transit 54.5% 9.1% 0.0% 36.4%
NHB Car passenger 99.2% 0.0% 0.8%
NHB Car driver 100.0% 0.0%
NHB Walk/wheelchair 100.0%
To home ADA paratransit 90.2% 0.0% 0.8% 7.3% 0.0% 1.8%
To home Special transit 81.3% 6.3% 0.0% 0.0% 12.5%
To home Scheduled transit 48.4% 0.0% 0.0% 51.6%
To home Car passenger 99.1% 0.0% 0.9%
To home Car driver 100.0% 0.0%
To home Walk/wheelchair 100.0%

The impedance function: An average of the travel time to go from the home location to each
possible destination zone and the time to return back home again.

The attraction function: A composite function of the number of jobs and households in each
possible destination zone that attract trips to that zone.

Multiple-destination tours: For this minority of tours, the model is applied once for each

out-of-home destination along the trip. The specification is much the same as above for single-
destination tours, but with two differences in the impedance function:

After the first out-of-home destination has been predicted, the impedance function is
measured from the previous destination location rather than from the home location.
Instead of using the average of the time to go to the (next) destination and back again, it uses
only the time to go to the (next) destination from the current location, and then a second
variable that measures the travel time to go from each possible destination location back to
the home location. The use of this second variable prevents the possibility that we would
simulate a series of one-way trips that end up a great distance from the home location, which
would be unrealistic because the tour eventually needs to end up back at home. (In fact, when
we are predicting the last out-of-home destination in the tour, this variable is exactly the travel
time for the last trip in the tour that returns to home.)

The destination choice model was estimated using a full sample of all 5,386 possible des-

tination zones for each trip. In the past, a subsample of destinations would typically be used
to estimate such a model, but the current logit model estimation software and hardware can
estimate a model on a large number of alternatives in just a few minutes, so it is possible
to use the full sample, which is more efficient than sampling both in terms of statistics and
analyst time.

The model estimation results are summarized in Table 3-12.
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Table 3-12. Trip destination choice model results.

Model name Tdes4
# Observations 1332
Final log- likelihood -7961.4
Rho squared w.r.t. 0 0.304
Car Car Other
Impedance function ADA drive- | shared- | special | Regular Walk/
By trip mode paratransit | alone ride transit | transit | wheelchair
Coeff. Coeff. | Coeff. | Coeff. | Coeff. Coeff.
Variable T-stat. T-stat. | T-stat. | T-stat. | T-stat. T-stat.
Automobile time (minutes) -0.124 -0.181 | -0.172 | -0.120 | -0.120
274 -8.0 -20.0 -6.8 -6.8
Automobile distance (miles) -0.570
-10.4
Intra-zonal 0.503 0.635 | 0.908 -10.0 -10.0 2.932
1.4 0.8 35 const Const 11.5
Automobile time back home (min) (Multi-
stop tours -0.103 -0.118 | -0.118 -0.177 -0.177 -.088
only, segmented by tour mode) -8.3 -9.3 9.3 -3.9 -3.9 -1.3
Attraction size variable adult  shopping social personal
function by trip medical work school daycare /meal recreation visit business
purpose trip trip trip trip trip trip trip trip
Coeff. Coeff. Coeff.  Coeff. Coeff. Coeff. Coeff.  Coeff.
Variable T-stat. T-stat. T-stat.  T-stat. T-stat. T-stat.  T-stat.  T-stat.
Service employment 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
const*  const*  const*  const* const* const* const*  const*
Retail employment 0.49 12.45 0.81 1.94
-1.4* 10.2 0.3 1.9%
Basic employment 1.87
2.2
Hospital/medical center 6.45
employment 13.3
Households 0.15 0.66 2.90 0.85
-2.2* -0.9% 2.2 -0.5

* For size variable functions, the base size variable (Service employment) has coefficient constrained to 1.0 and the
t-statistics for the other variables in the function are relative to a coefficient of 1.0.

The impedance function: Separate impedance functions can be used for the six different
trip modes. The destinations for car drive-alone and shared-ride trips are the most sensitive to
automobile travel time, with coefficients of —0.181 and —0.172, respectively—both with very high
t-statistics. The travel time coefficients for ADA paratransit, scheduled transit, and other special
transit are all very similar, at around —0.120. The lower ADA paratransit sensitivity to general-
ized ADA paratransit travel time is an indication that these trips are somewhat longer than
private car trips, on average. The walk/wheelchair trip impedance is based on automobile path
distance rather than travel time. (NCTCOG does not have a separate walk network with best
paths for pedestrians, but such an input could be used with this model system in other regions
if it is available.) The coefficient for walk distance is —0.570.

The impedance function uses automobile time, rather than transit in-vehicle and out-of-
vehicle time, as the measure for scheduled transit. As discussed earlier, the NCTCOG transit
matrices are quite sparse, so using transit times from those matrices would require making
many destinations unavailable for transit trips when in reality those destinations are con-
nected by transit. Given (1) the relatively minor role of scheduled transit in the model system,
(2) transit matrices can be considerable work to process, and (3) many regions do not have
transit matrices at all, this simplification was judged appropriate in the current study context.
In the future, if the model system is applied in a region with much higher scheduled transit
mode shares and more complete transit data, it would be possible to adjust the models to
accommodate them.
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Even though the NCTCOG zone system is detailed, with over 5,000 zones in the region, some
observed trips in the survey data are intra-zonal, meaning that the origin and destination address
are in the same TAZ. In those cases, there is no zone-to-zone travel time information to use in
the models, so a separate dummy variable is added for the origin zone alternative to represent the
probability of making an intra-zonal trip. As one would expect, this probability is clearly highest
for walk/wheelchair trips, but also positive for private car and ADA paratransit trips, indicating
that intra-zonal car and ADA paratransit trips do occur. There are no intra-zonal trips observed
by scheduled transit or other special transit, so the intra-zonal constant for those modes is con-
strained to a large negative value.

The final variable in the impedance function is the automobile time back to the home loca-
tion, applied only for multi-stop tours, as explained earlier. For this variable, the segmentation
is by the tour mode, rather than the trip mode, because we do not know for sure that other trips
in the tour are made by the same mode as the current trip. For ADA paratransit and automobile
tours, which make up the majority of cases, the coefficient for this variable is very accurately
estimated and 20 to 35% lower than the main automobile time coefficient for the current trip.
For walk tours, the travel time back to home is less significant, but such tours tend not to stray
very far from home in the first place.

The attraction function: The size variable function is a specific feature of destination choice
models. A “base” size variable is designated—in this case service employment—and the coef-
ficient for that variable is constrained to 1.0, while the estimated coefficients for any other size
variables determine their importance relative to the base variable. So, the results at the bottom
of Table 3-12 indicate that hospital/medical center employment has an effect that is 6.45 times
as large as service employment in attracting medical trips. The largest effect for other purposes
is for shopping/meal trips, where retail employment has an effect that is 12.45 times as large as
for service employment. (In fact, we combined those two trip purposes because they are both
carried out almost exclusively at retail establishments.)

Other noteworthy results are that households are important in attracting social visit
trips; basic employment is important in attracting work trips; and recreation trips and
personal business/errand trips are attracted by a combination of service jobs, retail jobs, and
households.

Model Calibration
Ridership Targets for DART and MITS Forecasts

As a first step in calibrating the models, reported trips in the ADA paratransit travel survey
were compared to actual ADA paratransit trips made by ADA-eligible adults, excluding atten-
dants or companions as reported by the two ADA paratransit systems for the time period around
the time of the ADA paratransit travel survey. The survey diary days were weekdays, mainly
during spring of 2010.

The calculations are shown in Table 3-13. DART provided annual ridership and ridership for
the year of survey and also for the period April-June 2010. FWTA provided only annual rider-
ship. The DART ridership figures show 163,219 weekday trips made by ADA-eligible adults in
the period. That period included 65 weekdays, for an average of 2,511 trips per spring weekday.
Applying the ratio of DART spring weekday ridership to annual ridership to the MITS annual
ridership gives an estimate of 1,214 trips per spring weekday for MITS. Dividing the annual trips
(row B) by the spring weekday trips (row C) gives a factor of 284.5 to convert to a spring weekday
from an annual total. (Note that there are 260 weekdays in a year, so a factor greater than 260
means that spring ridership is somewhat lower than average.)
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Table 3-13. Actual and surveyed ADA paratransit ridership.

Based on operator ridership data DART MITS
A. Total annual ADA paratransit trips by ADA-eligible persons 718,178 347,270
B. Total annual ADA paratransit trips by ADA-eligible adults 714,336 | 345,421**
C. Trips per spring weekday by ADA-eligible adults 2,511~ 1,214*
D. Factor to convert from annual to spring weekday trips (=B/C) 284.5 284.5
Based on operator client databases DART MITS
E. Full client database — ADA-eligible adults 7,335 4,591
F. Full client databases — trips in last 12 months 654,667 312,792
G. Calculated expected trips per Spring weekday (=F/D) 2,301 1,099
Based on survey sample expanded to full client databases DART MITS
H. Survey expanded sample — ADA-eligible adults 7,282 4,533
|. Survey expanded sample — trips in last 12 months 605,666 284,870
J. Calculated expected trips per spring weekday (=1/D) 2,129 1,001
K. Reported diary trips per spring weekday (expanded) 4,570 2,189
L. Factor — reported / expected trips (=K/J) 2.15 2.18
* Statistics provided by operators, ** assumes same distributions for DART and MITS
MITS
Area / frequency category DART | DART | DART | MITS MITS MITS |none -
high | medium | low high medium | low new
Survey Expanded sample (H) 2,200 2,811 2,271 1,130 1,466 1,104 | 833
Avg. trips last 12 months 219.45 | 30.56 16.28 | 207.61 26.73 10.04 0
Expected trips per weekday (J) 1,697 302 130 825 138 39 0
Reported diary trips / day (K) 2,436 1,473 661 1,245 596 199 149
Factor reported / expected trips (L) 1.44 4.88 5.09 1.51 4.33 5.11

The second section of the first table is based on full client databases provided by DART
and MITS (excluding anyone who did not make any trips and did not register in the previous
12 months). Each client record contains the count of the number of trips the person made in the
previous 12 months. (The total number of clients and trips are in rows E and F.) If we apply the
same factor from row D, we obtain the expected number of trips from those clients on a spring
weekday (row G). For both DART and MITS, the values in rows F and G are about 10% lower
than the values from the total ridership statistics in rows B and C. One possible reason for this
is that just as our sample could contain records for people who had recently registered but not
(yet) made any trips on the system, there could also be people who had made trips on the system
in the prior year but were no longer in the client database because they had moved or otherwise
left the system. In any case, the two estimates are reasonably close.

The third section of the first table is similar to the second section, but now based only on
the 800 final survey respondents, after expansion to match the full client database. We had
oversampled on frequent riders, and the sample expansion adjusts for that, although not per-
fectly, as the expanded sample trips in the last 12 months (row I) is about 8% below the figure
for the full client database (row F). The most striking difference, however, is that the average
number of expanded ADA paratransit trips reported per survey diary day is over twice as high
as the number that would be expected based on the observed number of trips made in the last
12 months (row K versus J). The reported number of ADA paratransit trips is about 115% too
high for both MITS and DART respondents (row L).

The second table in Table 3-13 takes the comparisons in rows H-L and reports them separately
for each observed frequency segment used for sample stratification. For the high observed fre-
quency categories, the reported trips are “only” about 50% higher than expected. For the lower
observed frequency categories, however, the reported trips are 4 to 5 times higher than expected.
This means that those people were much more likely to use ADA paratransit on one or both
of the two diary days than they had been in reality over the previous year. Even though people
in the lower frequency categories were less likely to report ADA paratransit diary trips than those
in the higher frequency categories, this difference was not as strong as would be expected based
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Table 3-14. Model calibration constants and results.

Transit Operator and Frequency Category
DART | DART | DART [DART| MITS | MITS | MITS | MITS
high |medium| low | new | high |medium| low new

Calibration constant in tour
generation model (on Stay
Home alternative) 0.0 0.9 1.0 0.8 0.0 0.9 1.0 0.8
Calibration constant in tour
mode model (on ADA

paratransit alternative) 0.0 -1.8 -2.3 -1.5 0.0 -2.0 -2.5 -1.5
Trips by ADA paratransit —
uncalibrated 1,650 | 1,550 | 1,050 | 325 925 850 600 175
Trips by other modes-
uncalibrated 1,900 | 2,350 | 2,050 | 475 | 1,175 | 1,450 | 1,300 | 275
Trips by ADA paratransit —
calibrated 1,650 400 175 125 925 175 75 50
Trips by other modes —
calibrated 1,900 | 2,450 | 2,025 | 500 | 1,175 | 1,500 | 1,200 | 300

on previously observed behavior. This is most likely a survey-related bias that needs to be cor-
rected in model calibration. It appears that respondents who travel infrequently may have made
it a point to schedule the trips they needed to make on their assigned survey days. The number
of trips to calibrate toward is that based on actual aggregate ridership statistics (row C)—roughly
2,500 ADA paratransit trips per weekday on DART, and 1,200 on MITS.

Calibration Procedure

The actual model calibration adds constants to the stay-at-home portion of the tour genera-
tion model and the ADA paratransit alternative of the tour mode choice model, using the fol-
lowing procedure:

1. Run the uncalibrated model, and get predictions of ADA paratransit trips, designated as
PAR(u), and trips by other modes, designated as OTH(u), within each area and frequency
stratum (the columns of the table above).

2. Set target ADA paratransit demand, PAR(t), in each area/stratum.

3. Calibrate the tour generation model so that the total number of trips in each stratum is approxi-
mately equal to PAR(t) + OTH(u) (fewer ADA paratransit trips but no change in other modes)

4. Calibrate the tour mode choice model so that the predicted ADA paratransit trips in each
stratum is approximately equal to PAR(t) and the trips by other modes is near OTH(u).

The results of the calibration procedure are shown in Table 3-14. The numbers are given
approximately, rounded to the nearest 25 trips, because there is some simulation error due to
stochastic simulation of choices, so the model system gives somewhat different results if a different
random number sequence is used. (Each sample observation is simulated multiple times to reduce
the simulation error substantially.) The calibration was done using both the “sketch” version and
the full “regional” version, with both methods giving approximately the same aggregate results.

The resulting total calibrated in-scope ADA paratransit trips per day is approximately 2,350
for DART and 1,225 for MITS—both very close to the actual ridership statistics.

Sensitivity Tests

The calibrated model was run using Dallas-Fort Worth data to explore how its predictions
vary, given changes in demographic variables. These tests involved factoring the input census-
tract numbers that feed into the ADA registration rate model, affecting the size of the predicted
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registered population, and then making corresponding changes to the survey expansion factors
in the ADA population synthesis procedure. Three scenarios were tested:

1. Higher incomes: In this scenario, the fraction of households in each census tract with
income below the poverty level was decreased by 10%, and the median income in each census
tract was increased by 10%. Also, the expansion factor for any sample members in the lowest
income category (less than $15K) was decreased by 10% relative to the rest of the sample (The
“lowest income” dummy variable is the only income variable that appears in the tour and trip
level models, so this is the only distinction that needs to be made to the sample to reflect the
effect of income changes.)

2. Aging of the population: In this scenario, the fraction of the population in all age groups over
age 60 was increased by 10%. Also, the expansion factor for any sample members in those
same age groups was increased by that same amount relative to the other sample members.

3. Larger households: In this scenario, the fraction of the households in each census tract that
are single-person households was decreased by 10%, and the average household size in each
tract was increased by 10%. Also, the expansion factor for all sample members in single-
person households was decreased by 10% relative to the other sample members.

Each of these scenarios was run in two ways:

¢ Only on the expanded survey sample, with no change in the number of people registered:
This used the “sketch version” of the model to estimate the sensitivity of ADA paratransit trips
in terms of the number of trips per registered individual, without considering changes in the
number of individuals registered and without detailed spatial expansion.

¢ On the full model system: This used the full “regional” version of the model, including run-
ning the ADA registration rate model at the census-tract level, and re-expanding the survey
sample to be representative of registered people in each tract.

The results are shown in Table 3-15. First, the results of running the model in sketch mode
are shown, giving predicted changes in ADA paratransit trips per registered person. Second,
results of the registration model alone are shown, predicting changes in the number of registered
persons. The third and fourth rows show results for running the model in full regional mode,
which adds a prediction of changes in travel patterns. Each scenario assumed a 10% change in
some variable(s), and the resulting change in trips or registered people was used to calculate
an approximate elasticity. For example, a predicted increase in trips of 1% would imply a +0.1
elasticity (1%/10%).

The results indicate that a rise in incomes would tend to increase the average number of trips
per registered person, but would cause a more substantial drop in the number of persons who
register, so the overall effect is a negative elasticity of ADA paratransit demand with respect to
income of roughly —0.2. An increase in household size shows effects in the same direction, with
a similar large drop in the number of registered persons, but with only a slight increase in the

Table 3-15. Sensitivity test results.

Model Mode and Predicted Quantity Scenario

Higher Older Larger

incomes | population | households

Sketch Mode: Travel day simulation models
Elasticity of ADA paratransit trips per registered person +040 -043 +0.13
Full Regional Mode - Registration rate model: } )
Elasticity of number of ADA-registered persons 0.58 +0.18 0.53
Full Regional Mode: Travel day simulation models )
Elasticity of ADA paratransit trips per registered person +0.41 039 +0.10
Full Regional Mode - all model components
Elasticity of total ADA paratransit trips e R 044
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number of ADA paratransit trips per person, for a net negative elasticity of roughly —0.4. Aging
of the population (increase in the fraction of people over age 60) shows effects in the opposite
direction, with a slight increase in the number of registered persons, but a larger offsetting drop
in the number of ADA paratransit trips per registered person, for a resulting slightly negative
net elasticity of about —0.2.

It would be interesting to test the effect of automobile ownership also, net of any changes in
income. We did not include automobile ownership/availability in the tract-level registration
rate model, because this variable is endogenous to many travel demand model systems. That is,
it is not used as an input, but is predicted, because for many households automobile ownership
decisions depend on the relative accessibility by various modes. In further research along this
line, it may be worthwhile to include automobile ownership as exogenous, because it is unlikely
that the level of ADA paratransit service would significantly affect automobile availability levels
among the eligible population.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22720

Improving ADA Paratransit Demand Estimation: Regional Modeling

56

CHAPTER 4

ADA Paratransit Riders and
Travel in Dallas-Ft. Worth

Personal and Household Characteristics

Tables 4-1 through 4-15 below show the personal characteristics of DART and MITS ADA
paratransit registrants based on the ADA paratransit travel survey conducted in early 2010.

These are weighted tabulations (i.e., corrected for the stratification procedure used in sampling).
The sample sizes were 406 for DART and 394 for MITS.

Paratransit registrants tend to be women, without a driver’s license, either retired or on dis-
ability status of some type, living alone or in a two-person household, and with an annual income
of less than $14,000. Notably, 39% have a valid driver’s license and 66% live in a household with
at least one licensed driver. Physical impairments are far more common than mental or sensory
impairments. Perhaps contrary to expectations, 60% of paratransit registrants are below the age
of 65. 60% have been using paratransit for 1 to 5 years.

Trip-Making Characteristics

Tables 4-16 through 4-31 show the types of trips and modes of travel made by ADA para-
transit registrants and rates of travel (by all modes). As before, these are weighted tabulations
(i.e., corrected for stratification procedure used in sampling). The samples sizes were 406 for
DART and 394 for MITS. The MITS sample includes some respondents who had been certified
as eligible in the previous 12 months but had taken no ADA paratransit trips in that time, while
the DART sample included only people who had used the ADA paratransit service in the previ-
ous 12 months.

There are three types of figures: (1) figures showing the percentage of total trips by mode or
by purpose; (2) one showing the percentage of respondents who reported various numbers of
trips for the two survey days; and (3) figures showing the average (mean) number of trips (by
all modes) per person, depending on various characteristics of the person or their household.

The tabulations show that ADA paratransit registrants make only 1.4 linked trips per day on
average, of which about 40% are taken on ADA paratransit and 35% are taken as an automobile
passenger. Younger registrants take more trips than older ones, but even those under the age of
45 take just 2.1 unlinked trips per day on average. Surprisingly, possession of a driver’s license is
not linked to higher trip-making rates. Registrants in larger households travel somewhat more
than registrants in smaller households and registrants with higher incomes travel more than
those with lower incomes. As would be expected, higher rates of travel are also linked to more

vehicles in the household, more licensed drivers in the household, and more workers in the
household.
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Table 4-1. Gender. Table 4-2. Valid driver’s license.
Dallas Ft Worth Total Dallas Ft Worth Total
(DART)  (MITS) (DART)  (MITS)
Gender Male 34.9% 31.5% 33.6% Valid Driver's License YES 34.5% 45.6% 38.8%
Female 65.1% 68.5% 66.4% NO 65.5% 54.4% 61.2%
Total 100.0% 100.0%  100.0% Total 100.0% 100.0% 100.0%
Table 4-3. Employment status.
Dallas Ft Worth Total
(DART) (MITS)
Employment Status ~ Employed full-time 5.2% 4.9% 5.1%
Employed Part-time 4.6% 4.5% 4.5%
Not employed 90.2% 90.6% 90.4%
Total 100.0% 100.0%  100.0%
Table 4-4. Non-worker status.
Dallas Ft Worth Total
(DART) (MITS)
Non-Worker Status Not applicable 9.8% 9.4% 9.6%
Retired 24.7% 30.4% 26.9%
Disabled / On Disability Status 58.2% 51.7% 55.7%
Homemaker 5% .6% 5%
Unemployed but looking for work 3.9% 4.1% 4.0%
Unemployed and not looking for work 1.3% 4% 1.0%
Student 7% 1.1% 8%
Other (specify) 9% 2.0% 1.3%
REFUSED 1% .0%
Total 100.0% 100.0%  100.0%
Table 4-5. Student status.
Dallas Ft Worth Total
(DART) (MITS)
Student Status  Yes - Full-time 3.4% 2.0% 2.9%
Yes - Part-time 3.0% 2.6% 2.9%
No 93.5% 95.3% 94.2%
Total 100.0% 100.0%  100.0%
Table 4-6. Level of school attended by current students.
Dallas Ft Worth Total
(DART)  (MITS)
Level of School Attending Not a student 93.5% 95.3% 94.2%
DAYCARE 1% 1% 1%
GRADE 9 TO GRADE 12 2% 1% 2%
TECHNICAL/VOCATION SCHOOL 3.8% 1.9% 3.1%
2 YEAR COLLEGE (COMMUNITY 2.0% .6% 1.4%
COLLEGE)
4-YEAR COLLEGE OR UNIVERSITY 2% 1.9% 8%
GRADUATE SCHOOL/PROFESSIONAL 1% 1% 1%
Total 100.0% 100.0% 100.0%
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Table 4-7. Type of impairment.

(Percent with each type of Impairment — (Average 1.2 impairments
per respondent)

Table 4-8. Household size.

Dallas Ft Worth Total
(DART) (MITS)

Impairment? Dallas Ft Worth Total
(DART) (MITS)

PHYSICAL 70.4% 82.9% 75.2%

MENTAL 16.2% 18.1% 16.9%

SENSORY 25.0% 22.5% 24.0%

Table 4-9. Household Income.

Dallas Ft Worth Total
(DART)  (MITS)
Household Income $0 - $14,999 59.9% 68.8% 63.3%

$15,000 - $24,999 16.1% 12.4% 14.7%
$25,000 - $34,999 6.5% 7.4% 6.8%
$35,000 - $49,999 3.0% 1.2% 2.3%
$50,000 - $74,999 2.3% 2.5% 2.4%

$75,000 - $99,999 9% 2.7% 1.6%
$100,000 - $149,000 2.6% .9% 2.0%
Refused 8.6% 4.1% 6.9%

Total 100.0% 100.0%  100.0%

Household Size 1 35.6% 47.9% 40.3%
2 32.7% 28.9% 31.3%

3 18.7% 12.7% 16.4%

4 71% 4.8% 6.2%

5 2.5% 3.6% 2.9%

6 1.8% .9% 1.5%

7 1.1% 7% 9%

8 5% 5% 5%

Total 100.0% 100.0%  100.0%

Table 4-10. Household vehicles.

Dallas Ft Worth Total
(DART) (MITS)
Household Vehicles 0 47.0% 51.3% 48.7%
1 36.1% 36.0% 36.1%
2 13.1% 8.6% 11.4%
3 3.1% 2.1% 2.7%
4 1% 1.8% .8%
5 6% 4%
8 1% .0%
Total 100.0% 100.0%  100.0%

Table 4-11. Number of household licensed drivers.

Dallas Ft Worth Total

(DART)  (MITS)

Number of Household Licensed Drivers

34.4% 33.0% 33.9%

Total

1

00.0% 100.0%  100.0%

Table 4-12. Number of household members who are workers.

Dallas Ft Worth Total
(DART) (MITS)

Number of Household Members Who Are
Workers

64.1% 71.5% 66.9%

24.6% 18.0% 22.1%
8.3% 8.4% 8.3%
2.7% 2.0% 2.4%

4% 1% .3%

Total

100.0% 100.0%  100.0%
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Table 4-13. Age. Table 4-14. Years since certification.

Dallas Ft Worth Total Dallas Ft Worth Total

(DART) (MITS) (DART) (MITS)
Age age 16-44 21.7% 16.0% 19.5% Years Since Certification Less than 1 18.2% 30.4% 22.8%
age 45-64 39.6% 41.1% 40.2% 1t04.9 63.4% 55.2% 60.3%
age 65-79 26.6% 28.0% 27.1% 5t09.9 13.4% 10.7% 12.4%
age 80+ 12.2% 14.8% 13.2% 10 or more 5.0% 3.7% 4.5%
Total 100.0% 100.0%  100.0% Total 100.0% 100.0%  100.0%

Table 4-15. ADA paratransit trips in the last 12 months.

Dallas Ft Worth Total
(DART) (MITS)
ADA Paratransit Trips in the Last 12 Months None 18.4% 71%
1-11 36.3% 25.7% 32.2%
12-23 14.9% 16.3% 15.4%
24 - 59 16.7% 14.7% 16.0%
60 - 119 8.8% 8.9% 8.8%
120+ 23.3% 16.0% 20.5%
Total 100.0% 100.0%  100.0%

Table 4-16. Mode of trip.

Mode of Trip DART MITS Total

Walk 41% 5.0% 4.4%

Wheelchair/Electric Scooter 5.5% 3.2% 4.6%
Automobile / Van/ Truck Driver 3.5% 23.6% 11.0%
Automobile / Van / Truck Passenger 38.4% 29.3% 35.0%
Transit (DART or the T) 2.7% 1.8% 2.3%

DART ADA Paratransit 43.1% 5% 27.2%

MITS ADA Paratransit .0% 34.8% 13.0%

Other Specialized Transit or Shuttle Service 1.5% 1.1% 1.4%
Taxi 6% 5% 6%

School Bus .6% 1% 4%

Total 100.0% 100.0%  100.0%

Table 4-17. Purpose of trip.

Purpose DART MITS Total

Working At Home 2% A%

All Other At Home Activities 42.2% 41.0% 41.7%
Work/Job 4.5% 3.6% 4.2%

Other Work/Business Related Activities .0% 1% 1%
Attending Class 2.5% 5% 1.8%

Other School-Related Activities .0% .0%

Change Type of Transportation/Transfer 7% T% 7%
Dropped Off Passenger From Car 1% .0% 1%
Other Transportation-Related 1.2% 0% 7%

Shopping 11.1% 14.0% 12.2%

Other Household Errands 3.6% 4.8% 4.1%
Personal Business 3.1% 2.8% 3.0%

Eat Meal Outside of Home 4.2% 5.7% 4.8%
Dialysis 3.0% 1.6% 2.5%

Other Health Care 10.7% 13.9% 11.9%

Adult Daycare 1.8% 2.9% 2.2%
Civic/Religious Activities 21% 1.3% 1.8%

Recreation/Entertainment 4.7% 4.4% 4.6%
Visit Friends/Relatives 4.0% 1.7% 3.2%
Other 2% 7% 4%

Total 100.0% 100.0%  100.0%
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Table 4-18. Total linked Table 4-19. Average linked trips
trips by all modes per day (all modes) by gender.
reported in two
P d Gender Dallas Ft Worth Total
survey days. (DART) _ (MITS)
, Male 1.34 1.34 1.34
T”gg E?;/T 2'5" 'gTo/s Female 1.50 1.40 1.46
100 o e Total 1.44 1.38 1.42
200 26.6% @ 26.1%
3.00 2.9% 4.9%
400  19.2% 16.4% . .
500  71%  BE% Table 4-20. Average linked trips
6.00 4.2% 9.9% per day (all modes) by age.
7.00 2.8% 1.9%
8.00 2.6% 2.2% Dallas Ft Worth Total
9.00 1.4% 8% (DART)  (MITS)
10.00 1.7% 1.7% age 16-44 2.22 1.83 2.10
11.00 1.5% age 45-64 1.52 1.31 1.44
12.00 A% age 65-79 .99 1.12 1.04
13.00 A% age 80+ .82 1.61 1.16
14.00 1% Total 1.44 1.38 1.42
Total 100.0% 100.0%
Table 4-21. Average linked trips Table 4-22. Average linked trips per
per day (all modes) by whether day (all modes) by employment status.
respondent has a valid driver’s
license Employment Status Dallas Ft Worth Total
. (DART)  (MITS)
. Employed Full-Time 2.57 2.43 2.52
5 Valid DDA”‘A‘;S Ft X/Yf%'éh Total Employed Part-Time 2.49 1.90 2.27
privers (DART)  (MITS) Not Employed 1.33 1.30 1.32
VES o7 155 139 Total 1.44 1.38 1.42
NO 1.54 1.24 1.44
Total 1.44 1.38 1.42
Table 4-23. Average linked trips per day Table 4-24. Average linked trips per day
(all modes) by student status. (all modes) by type of impairment.
Student Status Dallas Ft Worth Total Dallas Ft Worth Total
(DART)  (MITS) (DART)  (MITS)
Yes — Full-Time 2.47 2.95 2.60 Physical Impairment 1.31 1.34 1.32
Yes — Part-time 2.87 3.79 3.19 Mental Impairment 1.93 1.23 1.64
No 1.36 1.28 1.33 Sensory Impairment 1.53 1.29 1.44
Total 1.44 1.38 1.42 Total 1.44 1.38 1.42
Table 4-25. Average linked Table 4-26. Average linked trips per day
trips per day (all modes) by (all modes) by household income.
household size.
Household Income Dallas Ft Worth Total
Household ~ Dallas FtWorth  Total (DART) _ (MITS)
Size  (DART) (MITS) $0 - $14,999 1.47 1.22 1.36
1 104 123 104 $15,000 - $24,999 1.48 1.53 1.50
2 1.48 139 145 $25,000 - $34,999 1.11 2.08 1.51
3 1.70 172 170 $35,000 - $49,999 2.08 .90 1.85
4 178 1.43 167 $50,000 - $74,999 1.01 1.86 1.36
5 156 204 1.89 $75,000 - $99,999 2.82 2.16 2.40
6 185 1.06 165 $100,000 - $149,000 3.03 3.74 3.15
7 .00 1.25 34 Refused .75 1.25 .86
8 50 1.48 86 Total 1.44 1.38 1.42
Total 1.44 1.38 1.42
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Table 4-27. Average linked trips Table 4-28. Average linked trips per day
per day (all modes) by number (all modes) by number of household
of household vehicles. licensed drivers.
Household Dallas Ft Worth Total Number of Household Dallas Ft Worth Total
Vehicles  (DART) (MITS) Licensed Drivers  (DART) (MITS)
0 1.27 1.01 117 0 1.34 .95 1.19
1.45 1.71 1.55 1 1.47 1.56 1.50
2 1.72 2.32 1.89 2 1.44 1.57 1.49
3 1.98 1.90 1.96 3 2.21 1.70 2.07
4 2.50 32 52 4 59 2.40 1.72
5 5.50 . 5.50 5 . 2.25 2.25
8 . 2.00 2.00 Total 1.44 1.38 1.42
Total 1.44 1.38 1.42
Table 4-29. Average linked trips per day Table 4-30. Average linked trips per day
(all modes) by number of household members (all modes) by years since certification.
who are workers. .
Years Since Dallas Ft Worth Total
Number of Household ~ Dallas  Ft Worth Total Certification  (DART) _ (MITS)
Members Who Are  (DART)  (MITS) Less than 1 1.02 1.33 1.18
Workers 1t04.9 1.54 1.51 1.53
0 1.23 1.23 1.23 51t09.9 1.39 1.07 1.28
1 1.70 1.51 1.64 10 or more 1.80 .78 1.48
2 225 221 2924 Total 1.44 1.38 1.42
3 1.74 2.22 1.89
4 1.80 2.00 1.83
Total 1.44 1.38 1.42

Table 4-31. Average linked trips per day
(all modes) by ADA paratransit trips in the
last 12 months.

ADA Paratransit Trips  Dallas (DART) Ft Worth Total

in the Last 12 Months (MITS)
.00 Not applicable 1.37 1.37
1-11 trips 1.32 1.59 1.41
12 - 23 trips 1.41 .94 1.22
24 - 59 trips 1.15 1.10 1.13
60 - 119 trips 1.48 1.29 1.41
120+ trips 1.85 1.84 1.85
Total 1.44 1.38 1.42

MITS registrants report taking 23.6% of their trips as a driver, compared to only 3.5% of
trips by DART registrants. This seems very high, but is at least somewhat consistent with the
fact that many more MITS registrants (45.6%) report having a valid driver’s license than DART
registrants (34.5%). MITS registrants are also more likely to report themselves as “retired” rather
than “disabled/on disability status,” more likely to live alone, more likely to be in the lowest
income group, and more likely to have registered in the past year. A little over half of driver trips
were taken by respondents between the ages of 45 and 64 who are infrequent ADA paratransit
users (at least one trip in the past 12 months, but fewer than six trips in the past 3 months). The
rest were taken by all types of respondents.

The many driver trips by MITS respondents are also partly due to the weighting procedure. In
the raw survey data, about equal numbers of DART and MITS respondents took trips as a driver,
but the MITS respondents took about 3 times as many trips as the DART respondents and also
had a larger expansion factor.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/22720

Improving ADA Paratransit Demand Estimation: Regional Modeling

62

Abbreviations and Acronyms

ADA
CATI
DART
FWTA
HH
IPF
MITS
MPO
NCTCOG
NHB
O-D
PUMS
SP
TAZ
VOT

Americans with Disabilities Act

Computer Aided Telephone Interviewing

Dallas Area Rapid Transit

Fort Worth Transportation Authority

household

Iterative proportional fitting

Mobility-Impaired Transportation Service (paratransit service of FWTA)
Metropolitan Planning Organization

North Central Texas Council of Governments
Non-home-based

Origin-Destination

Public Use Microsamples

Stated Preference

Traffic Analysis Zone or Transportation Analysis Zone
Value of time
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APPENDIX A

Using the ADA Paratransit
Travel Models

The body of the report describes the survey data and the estimated choice models of the travel
patterns of ADA paratransit users and demonstrates the models’ use to predict demand for
ADA paratransit in the Dallas/Fort Worth region under different demographic scenarios and
ADA paratransit service scenarios. This appendix provides details about the current implemen-
tation of the demand models for the Dallas/Ft. Worth region, followed by a discussion of how a
similar implementation could be done in other regions.

The current model implementation is programmed in Delphi Pascal, a high-level program-
ming language similar to C++, Java, or Python. The program is a console application that can run
under Windows on any PC (or Mac with a Windows emulator). Depending on the user settings,
the program will run for the entire region in less than 10 minutes on a typical PC.

The structure of the program code is given below. This information applies to implement-
ing to the Regional Planning Model, referred to here as “Regional Mode.” The documentation
describes switches that are set in user-created input files that control whether the model runs
in Regional Mode or Sketch Mode. To use the model in Sketch Mode, it is probably easier to
do this using the Excel spreadsheet interface available from TCRP and described at the end of
this appendix.

Program Structure: ADA Paratransit
Demand Model Simulation

A. ReadUseControllnputs: Reads in the user program control parameters, described below.

B. ReadZoneData: Reads in the user-specified input file with zone-level attraction data.

C. ReadHighwayMatrices: Reads in user-specified input files with zone-to-zone highway travel
times and distances.

D. ReadTransitMatrices: Reads in user-specified input files with zone-to-zone scheduled tran-
sit travel times, frequencies, and fares. (Optional: The program can be run without these, if
specified.)

E. CalculateAccessibilityMeasures: Calculates accessibility measures for automobile, walk,
and (optionally) scheduled transit from each possible residence zone.

Steps F through I are run only if the user indicates that the models are to be run for the entire
regional population (“Regional Mode”). Steps F through I are not run in “Sketch Mode.”

F. ReadCensusTractData: Reads in a user-specified file with census tract-level socioeconomic
distribution data.

G. CalculateSurveySampleDistribution: Reads in all survey sample records to calculate a
multi-dimensional distribution across expansion variables.
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H. ApplyADARegistrationModel: Applies the census tract-level model to predict how many
residents in each tract are registered as eligible to use ADA paratransit.

I. ReexpandSurveySampleToTractsAndZones: Within each census tract, re-expands the sur-
vey sample to approximate the specific ADA-registered population within the tract, includ-
ing allocation to specific residence zones within the tract.

J.  SimulateTravelDay: This is the main routine in the program. For each member of the survey
sample, the following steps are executed:

If “Regional Mode,” repeat the steps below for each zone in the region for which the sample
member has a positive expansion factor. Otherwise, in “Sketch Mode,” just repeat the steps a
given number of times specified by the user. (Each sample member can be simulated multiple
times to reduce random stochastic simulation error.)

e ApplyTourGenerationModel
For each generated tour . . .
— ApplyTourModeChoiceModel

ApplyIntermediateStopGenerationModel

ApplyTripModeChoiceModel

ApplyTripDestinationChoiceModel

o WriteTravelPredictions: This last routine writes the simulation results to user-specified
output files that can later be queried and analyzed by the user. Three different files are
written: person-day level, tour-level, and trip-level.

The key program inputs are supplied by the user in a control file, as in the example shown
in Appendix B, where each line has a six-letter prefix that indicates what the value is used for,
followed by the user-supplied value. The comments at the end of each line that follow the //
symbol are for documentation purposes.

The first line is simply a run title that the user can supply. The next switch SKETCH con-
trols whether the program is run in “sketch mode or regional mode.” RDSEED is the initial
seed for the random number generator. If RDSEED is changed, even without changing other
inputs, the forecast results will change somewhat because each choice is predicted stochasti-
cally as a discrete choice, which requires the use of random draws from the choice model
probabilities.

There are two ways to control the amount of random simulation variability, depending on
whether the program is run in sketch mode or regional model. If the program is run in sketch
mode, each survey sample person can be simulated for multiple different travel days, with the
number input on the SKREPT line. Because discrete choices are simulated stochastically, rather
than as choice shares, the results contain some random simulation error if each of the 800 sur-
vey sample members is simulated only once. Each person can be simulated for many days to
“smooth out” the random error. When the choices are written to the results file, the expansion
factor is divided by SKREPT, so the total number of expanded simulated choices always remains
constant.

Similarly, when the program is run in regional mode, there is a value MINEXP used to control
how many times each sample member will be simulated and thus influence runtime and random
simulation error. In the example, with MINEXP at 50, when a sample member has an expansion
factor for a given zone of 1/50 (=0.02) or greater, it will always be simulated for that zone. If the
calculated expansion factor (CALCEXP) is less than 1/MINEXP, then a uniform random num-
ber is drawn between 0 and 1, and if the random number is less than CALCEXP / (1/MINEXP),
it will be simulated with expansion factor I/MINEXP; otherwise, the expansion factor is set to 0,
and it will not be simulated for that zone. (This is a variant of “bucket rounding” often used in
travel demand forecasting.)
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The next sets of inputs give the directories and file names for all input and output files to be
used by the program. One special switch is USETRN. If no skim matrix files for scheduled tran-
sit are available, then this can be set to 0, and the program will not try to read in any files with
scheduled transit travel times—instead transit travel time will be approximated as a multiple of
automobile travel time.

The last group of input variables is a series of overall demographic or ADA paratransit
service scenario variables. These switches were used to run the sensitivity tests reported in the
preceding sections.

Transferring the Models to Other Regions

The sketch mode of running the models uses the survey sample “as is,” and is thus specific
to the Dallas/Ft. Worth region. The regional mode of running the models, however, can be
transferred to other regions. To do so, the user needs to provide region-specific versions of the
following:

1. The input census tract data file: Can be compiled from the US Census website, either from
the 2000 Census or from the 2005-2009 American Community Survey (ACS), or, starting in
Autumn 2011, from the 2010 Census.

2. The input zonal data file: Typically available from the local MPO or another local planning
agency.

3. Theinput automobile zone-to-zone travel time matrices: Also typically available from the local
MPO or another local planning agency. If congested automobile travel times are not avail-
able, a next-best approximation would be to use free-flow travel times to represent all time
periods.

4. The input scheduled walk-to-transit zone-to-zone travel time matrices (optional): These are
sometimes available from the local MPO. If not, it is possible to run the model system without
such data.

Most regions are smaller geographically than Dallas/Ft. Worth, which has over 900 cen-
sus tracts and 5,000 traffic analysis zones. As a result, the model application will generally
run in even less time for other regions, compared to about 10 minutes per run for Dallas/
Ft. Worth.

The model application program (.EXE file) can be run “as is,” without changing or recompil-
ing the source code. If, however, the user has validation data on actual ADA paratransit ridership
and wishes to re-calibrate any model coefficients to match the existing ridership, then it may be
necessary to modify parameters in the source code.

Transferring the Model Application
to Other Software Systems

Relative to most tour-based model microsimulation software, the Pascal code written for this
project is simple and straightforward and uses only very standard types of coding (no object-
oriented code, assembly language, etc.). Thus, it would be possible to re-program the model
application into any network-based software platform that allows record-based data processing
and has a flexible scripting language. This certainly includes the main network packages in the
US—CUBE, TransCAD, and Visum—and probably includes EMME as well. However, such
software platforms require a license which can be costly, and they may not be available to all
potential model users.
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Main travel demand models:
- Trip generation

- Trip distribution
- Mode choice
Input Data:
— - Zonal data (housing, employment)
Route assignment - Road networks, travel times
- Traffic speeds — - Transit networks, travel times
- Transit speeds - Census data (demographics)
'y W - ADA paratransit service levels
4 ‘
~.| ADA paratransit demand
Special generators: models:
- Freight/ commercial - ADA registration
- Airports - Trip generation
- Non-resident visitors - Trip distribution
Mode choice

Figure A-1. Diagram of an enhanced regional model
framework.

Figure A-1 illustrates how the regional mode of the ADA paratransit demand model could fit
into a regional forecasting model framework. Input data includes three main types of data typi-
cally used in regional modeling: (1) zone-level data on population, employment, parking, and
other relevant variables; (2) zone-to-zone matrix data on travel times and costs for automobiles;
and (3) similar matrix data on travel times and costs by transit modes. It also includes (4) census
tract-level demographic distributions and (5) ADA paratransit service levels, although such data
does not need to vary at a zonal level.

The input data feeds into the main demand models for resident travel, as well as one or
more “special generators” for freight and commercial traffic, trips to airports, and sometimes
non-resident visitor travel as well. In the route assignment step, the trips predicted by the main
models and the special generators are loaded onto the road and transit networks, and new travel
flows and speeds on the networks are predicted. These new speeds and travel times are typically
fed back into the travel demand models (at least the mode choice model), and (ideally) the
whole system is iterated in this way until the predicted trips and speeds remain stable from one
iteration to the next. (The diagram is also valid for most new activity-based (AB) model systems,
where the activity-based model components reside in the “Main travel demand models” box.)

The new “ADA paratransit demand models” are included at the lower right. These are actually
models of travel by ADA-paratransit-eligible people and produce trips by all modes, including
ADA paratransit trips, fixed-route transit trips, trips as a passenger in a car, and a small number
of trips driving a private vehicle. There are two main ways that ADA paratransit models can fit
into this framework.

Integrated as another special generator: In this procedure, the ADA paratransit models are
run during the main equilibration loop, just as the other special generators are, and the demand
from the ADA paratransit models (both car trips and ADA paratransit trips) are loaded onto the
networks for traffic assignment, as indicated by the dashed arrow. (This method could lead to
double counting of some trips, because the automobile and scheduled transit trips of all house-
holds are already predicted by the main demand models, including households that contain
registered ADA paratransit users.)

Run as a post-process: In this mode, the main travel demand models and other special gen-
erators are run until equilibrium, and then the resulting automobile and transit travel times are
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used as input for a single run of the ADA paratransit demand models, with no subsequent route
assignment. This mode of using the models is much simpler, particularly if the models are being
run by the ADA paratransit agency instead of the MPO. The implicit assumption made is that any
changes in network loadings due to changes in travel patterns by registered ADA paratransit users
will not noticeably change the traffic speeds in the region. Given that ADA paratransit vehicles
and automobiles carrying ADA paratransit users as drivers or passengers are a very minor share of
traffic and travelers, this assumption seems valid. We recommend applying the models in this post-
process mode. However, it would be possible for any agency to use the models in either manner.

In terms of software for running the models, the model system has been designed as a user-
configured executable (EXE) file that can be run from within any of the major network model
packages such as CUBE or TransCAD. (Some activity-based model software is run in that same
manner.). If used as a post-processor, it is also possible to run the ADA paratransit demand
model completely outside of the network model software.

The model system can be run either by the ADA paratransit operator or by the local MPO,
whichever seems most efficient. Use of the model will likely require the following:

¢ Specifying general ADA paratransit-specific parameters for model input, such as travel time
factors, fares, and punctuality.

¢ Providing a census-tract-level file of demographic distributions.

e Executing a run using pre-existing inputs (zonal demographic segmentation and land use
data, zone-to-zone travel time, and cost matrices).

¢ Querying the model output to obtain results in the form of summary tables.

The resulting models are applied with the same inputs used in the regional travel demand
models and thus can provide forecasts of ADA paratransit demand at an origin-destination level
(and system-wide level) under the following:

e Various ADA paratransit operating scenarios (e.g., fares, service levels, coverage areas).

e Various growth scenarios related to future changes in fuel prices, household size, income,
automobile ownership, age distribution, and residential distribution patterns.

e Scenarios related to changes in the service levels and/or coverage of the fixed-route transit
system, as well as highway service levels.

Currently, the model only predicts weekday ADA paratransit trips, and not weekend trips.
Modeling weekend trips would require collection of additional survey data. Also, we have not
modeled trip departure time choice for ADA paratransit users. It would be possible to provide
time-of-day distributions by applying fixed time-of-day factors for each trip purpose, but these
factors would be based on the observed distributions from our surveys and not be varied.

Using the Sketch Planning Model in Excel

The spreadsheet interface available from TCRP provides a simple way of running the model
system in Sketch Mode. Download the file ADAModel.zip and unzip the files to a folder on your
computer. Make sure you put it in a folder whose complete path name has no spaces in it. For
example, you can name your folder “ADAModel” but not “ADA Model” and that folder can be
within a folder called “TCRPB-28A” but not “TCRP B-28A” and not within “My Documents.”

Open the spreadsheet ADAModelRun.xlsm. On most systems running recent versions of
Excel, you will see the warning “Macros have been disabled” as in Figure A-2. Click on the
button labeled “Options . . .,” then in the pop-up window select the radio button “Enable this
content,” and then select OK. This enables the macro that will run the demand model when the
user presses the “Run Sketch Model” button.
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Workbook Views Show/Hide Zoom
'\:] Security Warning Macros have been disabled. Options...
| c23 - % |
A B C
1 ADA Paratransit Demand Sketch Model - TCRP Project B28 |
2
3 |[RUNLAB | TEST2 |This is the file name label for the input and output files |

Figure A-2. “Macros have been disabled” warning.

Before running the model, the user should provide input to several fields on the screen. The
model is set up so that the user can perform a “base run” and then do a series of runs that test
the effect of various changes. For the base run, enter a label of your choice in RUNLAB
and enter “None” in BASERN as illustrated in Figure A-3. In the example below, RUNLAB is
“ExampleBase.” When the model is run, it will then create a results file called “ExampleBase.”
Once the base run is completed, in the test runs, enter “ExampleBase” (or whatever you named
the base run) in BASERN and put a label that describes the change being tested in RUNLAB.
For instance, in an example shown in detail later, a run that tests the effect of increasing income
levels by 10% has the name “ExampleInc10” in the field for RUNLAB.

The RUNLAB field should always be used, as that provides the label to use to refer to the run
and determines the name of the resulting output files. Each time you run the model, it produces
a file with a name based on whatever you have specified in the RUNLAB field.

Doing a Base Run

The first step in using the sketch model is to do a base run. Figure A-3 shows how the model
might be set up for a base run. RUNLAB has been set to ExampleBase. This will be the name
given to the output file created by the base run.

The BASERN field, immediately below RUNLAB, only needs to be filled in if the user wishes to
compare the results to the results of an earlier base run. In this case, we are setting up a new base

A B L L
1 ADA Paratransit Demand Sketch Model - TCRP Project B28
2
3 |[RUNLAB ExampleBase |Thisis the file name label for the input and output files
4 |BASERN Mone This is the file name label for the base run for comparison
5 |RDSEED 12345 This is the seed value for the random number generator
& SKREPT 100 This is the number of times to simulate each person in sketch mode
7 |INCCHG 0 A percent change in regional income
8 |AGECHG 0 A percent change in senior citizen proportion
3 HHSCHG 0 A percent change in household size
10 |PTTCHG 0 A percent change in paratransit travel times
11 |RELCHG 1] A percentage change in paratransit trips within time window
12 [FARCHG 0 An absolute change in paratransit fares in cents
13
14
15 Run Sketch Model
Figure A-3. Performing a base run.
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run in ExampleBase, so BASERN is set to “None.” In a base run, policy changes for income, age,
household size, and ADA paratransit service levels are typically all left at 0, as in the screen above.

The final two user inputs for a base run are RDSEED and SKREPT. RDSEED is the seed for the
random number generator used in the simulation. It can be any arbitrary value, such “12345”
as shown in the example, but should be the same for a base run and later runs to determine the
effect of policy changes, because changing the random number sequence can change the results
somewhat, even if no other inputs are changed. The SKREPT value determines the number of
model replications run for each member of the proto-typical sample used to run the model. In
the example, SKREPT has been set to 100. The higher the number, the longer the program will
take to run, but the less influence that random variability will have on the results. Thus, a lower
number of replications can be used for initial, more exploratory runs and more replications if
one wants results with a lower margin of error.

After the RunSketchModel button is pressed, the model starts to run, and a console-type
window, such as shown in Figure A-4, pops up to report the progress of the run. If there are no
errors, the window will disappear when the model is done running, and the model results will

[H C:\Users\David\Desktop\ADAModel\ADA_Paratransit_Demand - |O ﬁ

Opened text file C:\Users\David\Desktop\ADAModel\ExampleBase.ctl for input 4|
Opened text file C:\Users\David\Desktop\ADAHodel\ExampleBase.prt for output
ExampleBase

Run for control file C:\Users\David\Desktop\ADAModel\ExampleBase.ctl started at
1/16/2012 5:16:17 PM

Control file contents:
text file C:\Users\David\Desktop\ADAModel\ExampleBase.ctl for input
ExampleBase
None
12345
100

C:\Users\David\Desktop\ADAModely
C:\Users\David\Desktop\ADAModel\
C:\Users\David\Desktop\ADAModely
C:\Users\David\Desktop\ADAModely
Reading zonal data...
5386 records read from zonal data file
reading binary highway matrices. ..
reading binary transit matrices...
Calculating zonal accessibility variables ....
Setting model coeffcients...
Opening sample file C:\Users\David\Desktop\ADAModel\sampextract.dat
Main loop across sample records. ..
PIDIDDDIIDDIDDDDIIDDIIDDIIIDDDDDDDIIDDIDDDDIIDDIDIDDDIIDDDIIDDIID DD DD DD DD I DD
11813.7 expanded person-days simulated
Run finished at 1/16/2012 5:17:42 PH
Cannot open text file C:\Users\David\Desktop\ADAModel\ExampleBase_summ.csv
Cannot open text file C:\Users\David\Desktop\ADAModel\None_summ.csu

Base scenario file C:\Users\David\Desktop\ADAModel\None_summ.csv does not exist.
Change versus base will be 0. Press <{Enter>

Figure A-4. Report of model progress.
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appear automatically in Excel. In the example case, there is no base run name provided, so the
program gives a message that the Base scenario ‘None’ does not exist, and waits for the user to
press Enter before returning to Excel. (This warning message is primarily intended for cases
where the user intended to provide the name of a valid base run, but that base run cannot be
found in the working directory.)

When the model is done running, it writes out numerical results in a file named RUNLAB_
summ.csv, where RUNLAB is the run name provided by the user. So, in this example, the results
are in ExampleBase_summ.csv. The Excel macro then creates standard tables and charts based
on those numbers and saves the results to a file named RUNLAB_summ.xlIsx (in this case,
ExampleBase_summ.xlsx ). At that point, the user can further edit the tables and graphs if
desired, just as in any Excel spreadsheet.

The macro creates the following standard tables and graphs:

e Trips by tour purpose and mode.

e Trips by trip destination purpose and mode (similar to the tour table, but based on each trip,
with an extra purpose ‘return home’).

e Trips by gender/age group combination and mode.

¢ Trips by main occupation (worker, student, other) and mode.

e Trips by impairment type (physical, mental, sensory, multiple) and mode.

e Trips by household type (numbers of persons and vehicles) and mode.

e Trips by household income group and mode.

e Trips by area type (in terms of accessibility of nearby attractions) and mode.

The following pages show examples for the first set of tables and graphs. In Figure A-5, the
tables first show the predicted number of trips, and then show them with percents within rows
(mode shares within purpose) and percents within columns (purpose distributions within
modes).

In Figure A-6, the first chart shows the number of trips by both mode and purpose in a
3-dimensional graph, while the second chart shows mode share within purpose as a percentage
bar chart.

A final table and graph within each set show the percentage change relative to the base sce-
nario, but in this case there is no base scenario, so those are empty.

At the bottom of the .xslx (and .csv) file is a copy of the run settings, as shown in Figure A-7.
This is mainly for documentation purposes, so the user can remember which inputs produced
a specific set of outputs.

Testing Policy or Demographic Changes

The values that can be entered for policy changes represent percentages, except for fare
change, but must be entered as whole positive or negative numbers without a percentage sign.
They are as follows:

INCCHG: A percentage increase in household income. For example, a 10% increase would
be entered as 10. The fraction of households in each census tract with income below the poverty
level is decreased by INCCHG, and the median income in each census tract is increased by the
same amount. Also, the expansion factor for any sample members in the lowest income category
(less than $15K) is decreased by this same percentage relative to the rest of the sample.

AGECHG: The fraction of the population in all age groups over age 60 is increased by the
percentage entered in AGECHG. (Do not enter a percentage sign.) Also, the expansion factor
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School
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Trips by tour purpose and mode
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Medical [ dialysis
Work

School
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Trips by tour purpose and mode
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Medical / dialysis
Work

School

Adult daycare
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Recreation
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Total
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paratransit
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865.5
217.5
277.6
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451.8
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ADA
paratransit
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Figure A-5. Model tabular output.
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Trips by tour purpose and mode

B ADA paratransit
B zpecial transit

B scheduled transit
B car-shared ride
B car-drive alons

B walkS wheelchair
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A W ADA paratransit

Shopping B zpecial transit
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Adult daycare
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School B car-drive alone

Work B walk/ wheelchair
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Figure A-6. Model graphical output.
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351

352 Control file contents:

353 Opened text file C:\Users\David\Desktop\ADAModel\ExampleBase.ctl for input
354 RUNLAB ExampleBase

355 BASERN None

356 RDSEED 12345

357 | SKREPT 100

358|INCCHG 0

359 AGECHG 0

360 HHSCHG 0

361 PTTCHG 0

362 RELCHG 0

363 FARCHG 0

364 INPDIR C:\Users\David\Desktop\ADAModel\
365 HWFDIR C:\Users\David\Desktop\ADAModel\
366 TRFDIR C:\Users\David\Desktop\ADAModel\
367 OUTDIR C:\Users\David\Desktop\ADAModel\
368 11813.7 expanded person-days simulated
369 Run finished at 1/16/2012 5:17:42 PM

-~

Figure A-7. Output with summary of run settings.

for any sample members over age 60 is increased by the percentage relative to the other sample
members.

HHSCHG: The fraction of the households in each census tract that are single-person house-
holds is increased by the percentage entered in HHSCHG, and the average household size in
each tract is decreased by the same percentage. Also, the expansion factor for all ssample members
in single-person households is increased by the same percentage relative to the other sample
members.

PTTCHG: The travel time by ADA paratransit relative to travel time by car for each trip is
increased by the percentage entered in PTTCHG.

RELCHG: The likelihood of a pick-up or drop-off being late is increased by the percentage
entered in RELCHG.

FARCHG: The ADA paratransit fare for each trip is increased by the amount (not a percent-
age) entered in FARCHG in cents (e.g., a $1.00 fare increase would be entered as 100).

Figure A-8 shows the input for a run done for a scenario with a 10% increase in regional
income, to be compared to the base case run done above. Only the values for RUNLAB, BASERN
and INCCHG are changed from the previous (base) run.

The output now includes the same tables as before, plus values for the change with respect to
the base scenario, as shown in Figures A-9 and A-10. In, this case, increasing regional income by
10% reduces the number of total trips by about 2%, but that change is very different for certain
purposes, such as work tours (a 9% increase), and for certain modes, such as scheduled transit
(a 5% drop).
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A B L:
1 ADA Paratransit Demand Sketch Model - TCRP Project B28
2
3 RUNLAB Examplelncl0 The file name label for the input and output files
4 ' BASERN ExampleBase The file name label for the base run for comparison
5 RDSEED 12345 The seed value for the random number generator
6 |SKREPT 100 The number of times to simulate each person in sketch mode
7 INCCHG 10 A percent change in regional income and households above the poverty level
8 AGECHG 0 A percent change in the proportion of the population over age 60
9 HHSCHG 0 A percent change in household size and household with more than 1 person
10 |PTTCHG 0 A percent change in paratransit travel times
11 |RELCHG 0 A percent change in paratransit trips that are late (outside time window)
12 |FARCHG 0 An absolute change in paratransit fares in cents
13
Figure A-8. Model input for a scenario testing run.
39
40 Trips by tour purpose and mode
ADA special scheduled car-shared car-drive walk/
41 % Change vs. Base % paratransit transit transit ride alone wheelchair Total
42 Medical / dialysis 3.40% -6.60% -3.90% 4.50% 2.50% -2.20% 2.40%
43 Work 9.40% 3.40% 5.60% 11.30% 1.50% 4.70% 9.30%
44 School 3.80% -4.70% -5.20% 4.80% 9.80% -2.50% 3.20%
45 Adult daycare -1.80% -2.80% -8.10% -2.80% -2.00% -5.50% -2.70%
46 Shopping 0.10% -8.10% -6.30% 0.80% -0.50% -5.30% -0.80%
47 Personal business 1.40% -8.00% -5.70% 1.60% 1.60% -5.10% 0.00%
48 Recreation 3.50% -6.00% -3.40% 5.80% 2.20% -1.60% 3.70%
49 Social visit -0.10% -3.10% -5.10% 1.20% -2.30% -5.90% -0.60%
50 Total 3.90% -6.00% -4.80% 3.00% 1.00% -3.50% 1.70%
51
Figure A-9. Sample of tabular output for a scenario testing run.
32
36 15.00% .
37 Trips by tour purpose and mode: Change
38
39 from Base
10.00%
40
W ADA paratransit
41 5.00% M special transit
42 m scheduled transit
43 hared rid
44 0.00% | M car-shared ride
45 ’ M car-drive alone
46 m walk/ wheelchair
47 <0
48 S
Q©
49
50 10.00%
51 _'
B2

Figure A-10. Sample of graphical output for a scenario testing run.
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APPENDIX B

File Specifications

Example User Control Input File

>

vV V V V vV V V V vV V V V vV V V V

vV V V V V

YV V V V V V

RUNAME The user can put in text here that is the title of the run

SKETCH 1 //If this is >0, it runs in “sketch” mode, otherwise in “regional” mode
RDSEED 12323 // This is the seed value for the random number generator
SKREPT 50 // This is the number of times to simulate each person in sketch mode
MINEXP 50 // This is the minimum expansion factor for regional mode, as 1/N

INPDIR c:\usen\input\ // The directory path where most input files are located
ZONEFN zonedata07.dat // The file name of the input zonal data file
TRCTFN tractvars.dat // The file name of the input census tract data file
SAMPFN sampextract.dat // The file name of the survey sample data file

HWFDIR c:\user\2007_highway\ // The directory path for highway files
AMHWEFN amsov.dat // The file name of the AM peak SOV matrix file
PMHWEFEN pmsov.dat // The file name of the PM peak SOV matrix file
OPHWEFN opsov.dat // The file name of the off-peak SOV matrix file

USETRN 1 /[ This controls whether transit matrices are used
TRFDIR c:\user\2007_transit\ // The directory path for transit files
AMTRFN amtran.dat // The file name of the AM peak transit matrix file
OPTRFN optran.dat  // The file name of the off-peak transit matrix file

OUTDIR c:\output\ // The directory path where output files are to be written
PRNTFN print.dat // The file name of the output print/message file
PDAYFN adapersout.dat // The file name of the person-day results data file
TOURFN adatourout.dat // The file name of the tour level results data file
TRIPFN adatripout.dat // The file name of the trip level results data file

INCCHG 0 // A percent change in regional income, for scenario testing

AGECHG 0 // A percent change in senior citizen proportion, for scenario testing

HHSCHG 0 // A percent change in household size, for scenario testing

PTTCHG 0 // A percent change in paratransit travel times, for scenario testing

FARCHG 0 // An absolute change in paratransit fares in cents, for scenario testing
RELCHG 0 // An absolute change in paratransit punctuality, in trips/20, for scenario testing
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Output Files

The output files are space-delimited ASCII files with a header record and can be easily read into
analysis software. SPSS syntax is shown to read in each of the data files, along with some tables
generated in the analysis:

>

The person-day file: The first group of tables just shows the distribution of the expanded
regional sample along a number of household and person characteristics. The second table
shows the mean number of predicted tours per day, ADA paratransit trips per day, and ADA
paratransit miles per day, along those same person and household dimensions. Note that
the walk accessibility measure for the residence zone is also written to the output file, and
this variable can be used to create an area type variable.

The tour file: The tables created from this file show the tour purpose split, tour mode split,
tour complexity (number of trips) along a number of household and person dimensions.

The trip file: The tables from this file tabulate the trip purpose and mode against the tour
purpose and mode, respectively. These tables show the hierarchy and dependency between
the tour main purpose and mode and the trip purpose and mode. Note that the tables for trip
origin purpose and trip destination purpose are identical, because during a tour each stop is
a trip origin and a trip destination exactly once. The trip distance and auto travel time are
also written to the trip file, and can be used in analysis as well.

Example SPSS syntax to analyze the output results files and resulting
tables

VV V V VYV VY VYV VYV V VYV VY VY YVYVY

1. Person-day level output

GET DATA
[TYPE=TXT
/FILE="C:\Users\Mark\Documents\Paratransit\adapersout.dat"
/DELCASE=LINE
/DELIMITERS=""
/ARRANGEMENT=DELIMITED
/FIRSTCASE=2
/IMPORTCASE=ALL
/VARIABLES=
SAMPN F7.0

GEND F1.0

AGE F2.0

LIC F1.0

EMPLY F1.0

STUD F1.0
PHYSIMP F1.0
MENTIMP F1.0
SENSIMP F1.0
HHSIZ F1.0
INCOME F1.0
HHVEH F1.0
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VV V V VV VYV VYV VYV VVVV VYV VYV VYV VVVVVVY VYV VYV VYV VYV VY VY VY VYV VVVYVYVYY

HHLIC F1.0
HHWRK F1.0
HHSTU F1.0
resarea F1.0
restract F9.0
restsz F5.0
autoacc F7.4
walkacc F7.4
expfact F6.4
numtours F1.0
adatrips F1.0
adamiles F4.1.
CACHE.
EXECUTE.
DATASET NAME DataSet1 WINDOW=FRONT.

compute areatyp=1.

if walkacc>=7.5 areatyp=2.
if walkacc>=8.4 areatyp=3.
if walkacc>=9.2 areatyp=4.

compute agegrp=1.
if age>34 agegrp=2.
if age>49 agegrp=3.
if age>64 agegrp=4.
if age>74 agegrp=>5.

weight by expfact.

variable labels

sampn 'Sample number'/

gend 'Gender'/

age 'Age'/

lic 'Valid Drivers License'/

emply 'Employment Status'/

stud 'Student Status'/

physimp 'Physical impairment?'/

mentimp 'Mental impairment?'/

sensimp 'Sensory impairment?'/

hhsiz 'Household Size'/

income 'Household Income'/

hhveh 'Household Vehicles'/

hhlic 'Number of Household licensed drivers'/
hhwrk 'Number of household members who are workers'/
hhstu 'Number of Household students'/
resarea 'Residence service area'/

restract 'Residence census tract'/
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VV V VYV VY Y VY VYV VY VY Y VY

vV V V V V V V VY

restsz 'Residence TAZ number NCTCOG'/
autoacc 'Residence auto accessibility'
walkacc 'Residence walk accessibility'/
expfact 'Expansion factor'/

numtours '‘Number of tours per day'/
adatrips 'ADA paratransit trips per day'/
adamiles 'ADA paratransit miles per day'/
areatyp 'Residence area type'/

agergrp 'Age group'.

value labels
gend 1 'male’ 2 ‘female’/
age 999 'refused/

lic physimp mentimp sensimp 0 'no' 1 'yes' 2 'no' 9 'refused/
emply stud 1 'full time' 2 'part time' 3 'no' 9 'refused'/

hhsiz hhveh 98 'dk' 99 'refused'/

income 1'$0 - 15k' 2 '$15 - 25k’ 3 '$25 - 35k’ 4 '$35 - 50k’ 5 '$50 - 75k’ 6 '$75 - 100k’ 7 '$100

- 15k0' 8 'Sover 150k’ 99 'refused'/
resarea 1 'DART' 2 'MITS'/

areatyp 1 'low walk acc' 2 'medium walk acc' 3 'high walk acc' 4 ‘very high walk acc'/

agegrp 1'17-34'2'35-49'3'50-64'4'65-74'5"75 up".

freq gend to resarea areatyp.

means numtours to adamiles by areatyp agegrp gend to resarea.

Gender

Frequency

Percent

Valid Percent

Cumulative

Percent

Valid

male
female

Total

3968
7845
11813

33.6
66.4
100.0

33.6
66.4
100.0

33.6
100.0

Age

Frequency

Percent

Valid Percent

Cumulative

Percent

Valid

17
18
19
20
21
22
23

9

8
79
21
33
87
78

NN o hdN

NN w o doN

1.0
1.3
2.0
2.7
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

101

49
140
118

89
119

54

81

67

36

27

70
111

14

66
217
109

26
149
121
198
158
269
146
111
167
127
185
218
139
261
180
252
130
231
304
445
370
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35
3.9
5.1
6.1
6.9
7.9
8.3
9.0
9.6
9.9

10.1

10.7

117

11.8

12.3

14.2

15.1

15.3

16.6

17.6

19.3

20.6

229

241

25.1

265

27.6

29.1

31.0

32.1

34.4

35.9

38.0

39.1

411

436

47.4

50.5
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62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
94
refused

Total

Improving ADA Paratransit Demand Estimation: Regional Modeling

392
256
401
165
180
425
251
238
210
123
167
182
158
272
184
56
258
224
172
111
151
292
83
96
44
107
96
119
217
35
119
11
45
11813

100.0

100.0

53.9
56.0
59.4
60.8
62.3
65.9
68.1
70.1
71.9
72.9
74.3
75.9
77.2
79.5
81.1
81.5
83.7
85.6
87.1
88.0
89.3
91.8
92.5
93.3
93.7
94.6
95.4
96.4
98.2
98.5
99.5
99.6
100.0

Copyright National Academy of Sciences. All rights reserved.



http://www.nap.edu/22720

Improving ADA Paratransit Demand Estimation: Regional Modeling

Valid Drivers License

Cumulative
Frequency Percent Valid Percent Percent
Valid yes 4575 38.7 38.7 38.7
no 7238 61.3 61.3 100.0
Total 11813 100.0 100.0
Employment Status
Cumulative
Frequency Percent Valid Percent Percent
Valid  full time 600 5.1 5.1 5.1
part time 536 4.5 4.5 9.6
no 10677 90.4 90.4 100.0
Total 11813 100.0 100.0
Student Status
Cumulative
Frequency Percent Valid Percent Percent
Valid  full time 342 29 2.9 2.9
part time 343 2.9 2.9 5.8
no 11128 94.2 94.2 100.0
Total 11813 100.0 100.0
Physical impairment?
Cumulative
Frequency Percent Valid Percent Percent
Valid no 2923 24.7 24.7 24.7
yes 8890 75.3 75.3 100.0
Total 11813 100.0 100.0
Mental impairment?
Cumulative
Frequency Percent Valid Percent Percent
Valid no 9813 83.1 83.1 83.1
yes 2000 16.9 16.9 100.0
Total 11813 100.0 100.0
Sensory impairment?
Cumulative
Frequency Percent Valid Percent Percent
Valid no 8976 76.0 76.0 76.0
yes 2837 24.0 24.0 100.0
Total 11813 100.0 100.0
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Household Size

Cumulative
Frequency Percent Valid Percent Percent
Valid 1 4766 40.3 40.3 40.3
2 3693 31.3 31.3 71.6
3 1935 16.4 16.4 88.0
4 735 6.2 6.2 94.2
5 345 29 29 971
6 173 1.5 1.5 98.6
7 111 9 9 99.5
8 56 5 5 100.0
Total 11813 100.0 100.0
Household Vehicles
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 5749 48.7 48.7 48.7
1 4262 36.1 36.1 84.7
2 1343 11.4 11.4 96.1
3 319 2.7 2.7 98.8
4 90 .8 .8 99.6
5 44 4 4 100.0
8 5 .0 .0 100.0
Total 11813 100.0 100.0
Number of Household licensed drivers
Cumulative
Frequency Percent Valid Percent Percent
Valid O 4005 33.9 33.9 33.9
1 4516 38.2 38.2 721
2 2627 22.2 222 94.4
3 473 4.0 4.0 98.4
4 181 15 1.5 99.9
5 10 A A 100.0
Total 11813 100.0 100.0
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Number of household members who are workers

Cumulative
Frequency Percent Valid Percent Percent
Valid O 7905 66.9 66.9 66.9
1 2606 221 221 89.0
2 980 8.3 8.3 97.3
3 286 2.4 2.4 99.7
4 36 3 3 100.0
Total 11813 100.0 100.0
Number of Household students
Cumulative
Frequency Percent Valid Percent Percent
Valid 0 9299 78.7 78.7 78.7
1 1879 15.9 15.9 94.6
2 284 24 2.4 97.0
3 280 24 2.4 99.4
4 13 A A 99.5
5 53 4 4 100.0
6 5 .0 .0 100.0
Total 11813 100.0 100.0
Residence service area
Cumulative
Frequency Percent Valid Percent Percent
Valid  DART 7314 61.9 61.9 61.9
MITS 4499 38.1 38.1 100.0
Total 11813 100.0 100.0
Residence area type
Cumulative
Frequency Percent Valid Percent Percent
Valid  low walk acc 2305 19.5 19.5 19.5
medium walk acc 4170 35.3 35.3 54.8
high walk acc 3835 32.5 32.5 87.3
very high walk acc 1503 12.7 12.7 100.0
Total 11813 100.0 100.0
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Number of tours per day, ADA paratransit trips per day, ADA paratransit miles

Statistics=Mean

per day * Residence area type

Residence area type Number of tours | ADA paratransit | ADA paratransit
per day trips per day miles per day

low walk acc 49 .31 3.744

medium walk acc .50 .31 3.120

high walk acc .51 .30 2.600

very high walk acc .52 .29 2.116

Total .50 .30 2.945

Number of tours per day, ADA paratransit trips per day, ADA

paratransit miles per day * agegrp

Statistics=Mean

Age group Number of tours | ADA paratransit | ADA paratransit
per day trips per day miles per day

17 - 34 .93 71 7.062

35-49 .60 .37 3.558

50 - 64 .50 .29 2.785

- 65-74 .30 18 1.777

75 up .39 19 1.820

Total .50 .30 2.945

Number of tours per day, ADA paratransit trips per day, ADA

paratransit miles per day * Gender

Statistics=Mean

Gender Number of tours | ADA paratransit | ADA paratransit
per day trips per day miles per day

male .50 .30 2.935

female .51 31 2.950

Total .50 .30 2.945

Number of tours per day, ADA paratransit trips per day, ADA paratransit

miles per day * Valid Drivers License

Statistics=Mean

Valid Drivers License

Number of tours

ADA paratransit

ADA paratransit

per day trips per day miles per day
yes 43 .19 1.833
no .55 .37 3.648
Total .50 .30 2.945
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Number of tours per day, ADA paratransit trips per day, ADA paratransit

miles per day * Employment Status

Statistics=Mean

Employment Status Number of tours | ADA paratransit | ADA paratransit
per day trips per day miles per day

full time 1.13 1.15 11.397

part time .88 .88 8.573

no .45 .23 2.188

Total .50 .30 2.945

Number of tours per day, ADA paratransit trips per day, ADA

paratransit miles per day * Student Status

Statistics=Mean

Student Status Number of tours | ADA paratransit | ADA paratransit
per day trips per day miles per day

full time .89 .75 7.495

part time .76 .58 5.693

no .48 .28 2.721

Total .50 .30 2.945

Number of tours per day, ADA paratransit trips per day, ADA paratransit

miles per day * Physical impairment?

Statistics=Mean

Physical impairment? Number of tours | ADA paratransit | ADA paratransit
per day trips per day miles per day

no .61 A1 4.000

yes 47 .27 2.598

Total .50 .30 2.945

Number of tours per day, ADA paratransit trips per day, ADA paratransit

miles per day * Mental impairment?

Statistics=Mean

Mental impairment? Number of tours | ADA paratransit | ADA paratransit
per day trips per day miles per day

no A7 .26 2.545

yes .64 .50 4.910

Total .50 .30 2.945

Copyright National Academy of Sciences. All rights reserved.

File Specifications

85


http://www.nap.edu/22720

Improving ADA Paratransit Demand Estimation: Regional Modeling

86

Improving ADA Paratransit Demand Estimation: Regional Modeling

Number of tours per day, ADA paratransit trips per day, ADA paratransit

miles per day * Sensory impairment?

Statistics=Mean

Sensory impairment? Number of tours | ADA paratransit | ADA paratransit
per day trips per day miles per day

no .50 .32 3.129

_yes .51 .24 2.362

Total .50 .30 2.945

Number of tours per day, ADA paratransit trips per day, ADA

paratransit miles per day * Household Size

Statistics=Mean

Household Size Number of tours | ADA paratransit | ADA paratransit
per day trips per day miles per day

1 42 .25 2.429

2 .49 .28 2.711

3 .62 .40 3.861

4 .76 51 4.963
5 .61 .35 3.271
6 .58 .39 3.671

7 .34 A1 1.345

8 .53 .36 3.154
Total .50 .30 2.945

Number of tours per day, ADA paratransit trips per day, ADA paratransit

miles per day * Household Vehicles

Statistics=Mean

Household Vehicles Number of tours | ADA paratransit | ADA paratransit
per day trips per day miles per day
0 44 .31 2.982
1 .52 .24 2.332
2 .64 .40 3.952
3 .83 .69 6.750
4 A7 .22 1.947
5 .45 .03 .394
8 1.05 1.10 10.249
Total .50 .30 2.945

Copyright National Academy of Sciences. All rights reserved.



http://www.nap.edu/22720

Improving ADA Paratransit Demand Estimation: Regional Modeling

Number of tours per day, ADA paratransit trips per day, ADA paratransit

miles per day * Residence service area

Statistics=Mean

Residence service area

Number of tours
per day

ADA paratransit
trips per day

ADA paratransit
miles per day

DART
MITS
Total

.51
49
.50

.32
.28
.30

3.089
2.712
2.945

2. Tour level output

GET DATA
[TYPE=TXT

/DELCASE=LINE
/DELIMITERS=""

/FIRSTCASE=2

/VARIABLES=
SAMPN F7.0
GEND F1.0
AGE F2.0
LICF1.0
EMPLY F1.0
STUD F1.0
PHYSIMP F1.0
MENTIMP F1.0
SENSIMP F1.0
HHSIZ F1.0
INCOME F1.0
HHVEH F1.0
HHLIC F1.0
HHWRK F1.0
HHSTU F1.0
resarea F1.0
restract F9.0
restsz F5.0
autoacc F7.4
walkacc F7.4
expfact F6.4
numtours F1.0
adatrips F1.0
adamiles F5.1
tourn F1.0
tourpurp F1.0

YV V V VV VYV VYV VVVV VYV VYV VY VY VY VYV VYV VYV VY VY VYV YVYVYVY

/ARRANGEMENT=DELIMITED

/IMPORTCASE=ALL
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tourmode F1.0

tourtrips F1.0.

CACHE.

EXECUTE.

DATASET NAME DataSet2 WINDOW=FRONT.

compute areatyp=1.

if walkacc>=7.5 areatyp=2.
if walkacc>=8.4 areatyp=3.
if walkacc>=9.2 areatyp=4.

compute agegrp=1.
if age>34 agegrp=2.
if age>49 agegrp=3.
if age>64 agegrp=4.
if age>74 agegrp=>5.

weight by expfact.

variable labels

sampn '‘Sample number'/

gend 'Gender'/

age 'Age'/

lic 'Valid Drivers License'/

emply 'Employment Status'/

stud 'Student Status'/

physimp 'Physical impairment?'/

mentimp 'Mental impairment?'/

sensimp 'Sensory impairment?'/

hhsiz 'Household Size'/

income 'Household Income'/

hhveh 'Household Vehicles'/

hhlic 'Number of Household licensed drivers'/
hhwrk ‘Number of household members who are workers'/
hhstu 'Number of Household students'/
resarea 'Residence service area'/

restract 'Residence census tract'/

restsz 'Residence TAZ number NCTCOG'/
autoacc 'Residence auto accessibility'
walkacc 'Residence walk accessibility'/
expfact 'Expansion factor'/

numtours ‘Number of tours per day'/
adatrips 'ADA paratransit trips per day'/
adamiles 'ADA paratransit miles per day'/
areatyp 'Residence area type'/

agergrp 'Age group'/

tourn "Tour number in day'/

VV V VV VYV VYV VVVVVV VYV VYV VYV VVVVVVV VYV VYV YV VVV VYV VY VY VY VYV YV VY
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File Specifications

tourpurp 'Tour main purpose'/
tourmode Tour main mode'/
tourtrips 'Trips in tour".

value labels

gend 1 'male' 2 'female'/

age 999 'refused’/

lic physimp mentimp sensimp 0 'no' 1 'yes' 2 'no' 9 'refused’/

emply stud 1 'full time' 2 'part time' 3 'no' 9 'refused'/

hhsiz hhveh 98 'dk' 99 'refused'/

income 1'$0 - 15k’ 2 '$15 - 25k’ 3 '$25 - 35k’ 4 '$35 - 50k’ 5 '$50 - 75k’ 6 '$75 - 100k’ 7 '$100
- 15k0' 8 '$over 150k' 99 'refused'/

resarea 1 'DART' 2 'MITSY/

areatyp 1 'low walk acc' 2 'medium walk acc' 3 'high walk acc' 4 'very high walk acc'/
agegrp 1'17-34'2'35-49'3'50 - 64'4 '65 - 74' 5'75 up'/

tourpurp 1 'medical' 2 'work' 3 'school' 4 'adult daycare' 5 'shop/meal' 6 'pers.bus' 7
'recreation’' 8 'social' 9 'home'/

tourmode 1 'ADA paratransit' 2 'other special trans' 3 'scheduled transit' 4 ‘car shared ride' 5
'car drive alone' 6 'walk/wheelchair'.

cross areatyp agegrp gend to resarea by tourpurp tourmode tourtrips/cell row.

Residence area type * Tour main purpose Crosstabulation

% within Residence area type

Tour main purpose
medical work school | adultdaycare | shop/meal | persbus | recreation social Total
Residence areatype  |lowwalk acc 354% 11.9% 2.7% 5.5% 21.2% 11.9% 3.6% 27% 100.0%
medium walk acc 33.8% 11.8% 3.0% 5.4% 21.4% 127% 9.0% 29% 100.0%
high walk acc 32.7% 10.7% 3.4% 5.1% 22.8% 12.9% 3.3% 30% 100.0%
very high walk acc IM1% 10.5% 3.5% 5.0% 22.8% 14.1% 10.2% 29% 100.0%
Total 334% 11.3% 31% 5.3% 22.0% 12.8% 9.2% 29% 100.0%

Residence area type * Tour main mode Crosstabulation

% within Residence area type

Tour main mode
other special scheduled car shared car drive walkiwheelch
paratransit trans transit ride alone air Total
Residence areatype  lowwalk ace 325% 31% 37% 43.5% 61% 6.1% 100.0%
medium walk acc 31.8% 28% 5.3% 44.2% 6.4% 9.4% 100.0%
high walk acc 30.6% 26% 5.4% 42.4% 6.3% 128% 100.0%
very high walk acc 23.5% 23% 5.6% 39.1% 5.9% 18.5% 100.0%
Total 3IM1% 27% 5.1% 43.8% 6.2% 1M11% 100.0%

Residence area type * Trips in tour Crosstabulation

% within Residence area type

Trips in tour
2 3 4 4] 6 7 g Total
Residence area type  lowwalk ace 70.2% 18.0% 7.5% 35% BH% 2% 0% 100.0%
medium walk acc 70.9% 17.5% 71% 37% 5% 1% 0% 100.0%
high walk acc 1.1% 17.0% 7.4% 3.6% 5% 2% A% 100.0%
very high walk acc 71.4% 17.2% 7.0% 37% 5% 1% 0% 100.0%
Total 70.9% 17.4% 7.3% 3T7% 6% 2% 0% 100.0%
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% within Gender

Gender * Tour main purpose Crosstabulation

Tour main purpose
medical wiork school adult daycare | shop/meal | pers.bus | recreation social Total
Gender  male 23.0% 16.2% 4.0% 9.5% 18.6% 18.2% 12.4% 1.2% 100.0%
female 38.6% 8.9% 27% 3.2% 23.8% 11.6% 7.6% 3.8% 100.0%
Total 33.4% 11.3% 3I1% 5.3% 22.0% 12.8% 9.2% 2.9% 100.0%
Gender * Tour main mode Crosstabulation
% within Gender
Tour main mode
other special scheduled carshared car drive walklwheelch
paratransit trans transit ride alone air Total
Gender  male 31.1% 1.9% 3.3% 40.5% 4.5% 18.7% 100.0%
fermale 31.1% 3.2% 6.0% 45.4% T1% 7.3% 100.0%
Total 3I1% 27% 51% 43.8% 6.2% 11.1% 100.0%
Gender * Trips in tour Crosstabulation
% within Gender
Trips in taur
2 3 4 4 B 7 g Total
Gender male T21% 16.9% 6.9% 3.5% 5% A% 0% 100.0%
fernale 70.3% 17.6% 7.4% 3.8% 6% 2% 0% 100.0%
Total 70.9% 17.3% 7.3% 37% 6% 2% 0% 100.0%
agegrp * Tour main purpose Crosstabulation
% within agegrp
Tour main purpose
medical work schoal adult daycare | shopfmeal | pers.bus | recreation social Total
agegrp 17-34 12.8% 26.5% 7.4% 9.9% 12.9% 10.9% 17.0% 26% 100.0%
35-49 29.2% 15.0% 4.9% B.0% 18.2% 13.8% 10.0% 2.8% 100.0%
50 - 64 38.1% 9.2% 1.6% 41% 24.5% 14.9% 55% 21% 100.0%
B5-74 51.9% 1.3% B% 2.2% 24 7% 12.9% 4.2% 2.2% 100.0%
7o up 40.1% 1.0% 1.0% 3.6% 29.7% 9.6% 9.6% 5.3% 100.0%
Total 33.4% 11.3% 31% 5.3% 22.0% 12.8% 9.2% 29% 100.0%
agegrp * Tour main mode Crosstabulation
% within agegrp
Tour main mode
other special scheduled car shared car drive walktwheelch
paratransit trans transit rice alone air Total
agegrp  17-34 39.4% 1.5% 2.2% 45.4% 1.1% 9.4% 100.0%
35-49 31.4% 2.9% 5.3% 45.2% 8.1% 10.0% 100.0%
a0- 64 29.5% 2.5% 81% 37 6% 6.1% 19.2% 100.0%
B5-74 31.4% 4.1% 6.6% 44.5% 10.1% 3.3% 100.0%
75 up 24.7% 3.4% 71% a0.4% 10.8% 36% 100.0%
Total IMNA% 2.7% 5.1% 43.8% 6.2% 11.1% 100.0%
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agegrp * Trips in tour Crosstahulation
% within ageaqrp

Trips in tour
2 3 4 4] 3] 7 g Total
agegrp  17-34 75.2% 14.7% 6.5% 3.0% A% A% 0% 100.0%
35-49 68.4% 17.7% 81% 4.7% 9% 2% A% 100.0%
50- 64 T21% 171% 6.7% 3.3% 6% 2% 0% 100.0%
B5-74 70.4% 18.3% 6.9% 3.8% E% 2% 0% 100.0%
7aup 67.0% 19.8% 8.9% 3.9% 6% 3% 0% 100.0%
Total 70.9% 17.4% 7.3% 37% B% 2% 0% 100.0%

Household Income * Tour main purpose Crosstabulation

% within Household Income

Tour main purpose
medical Work school | adult daycare | shopimeal | pers.bus | recreation | social Total
Househald Income  §0- 15k 32.2% 5.8% 27% 6.6% 261% 145% 8.5% 35% 100.0%
$15- 25K 37.4% 14.8% 3.3% 31% 18.7% 11.4% 8.8% 2.3% 100.0%
§25- 35K 38.0% 16.8% 2.4% 32% 17.6% 10.7% 9.0% 2.2% 100.0%
$35- 50K 38.0% 11.0% 6.8% 3.4% 17.8% 13.0% 6.8% 21% 100.0%
§50- 75K 26.5% 25.3% 3.0% 6.6% 14.5% 10.2% 12.0% 1.8% 100.0%
§75- 100k 21.6% 44.4% 3% 3% 7.4% 5.6% 13.6% 1.2% 100.0%
§$100-15k0 19.3% 36.5% 51% 4.6% B.6% 76% 17.3% 1.0% 100.0%
refused 40.4% 12.5% 4.0% 2.9% 17.68% 10.5% 9.2% 2.6% 100.0%
Total 334% 11.3% 31% 5.3% 22.0% 128% 9.2% 2.9% 100.0%

Household Income * Tour main mode Crosstabulation

% within Household Income

Tour rmain mode
other special scheduled car shared car drive walkiwheelch
paratransit trans transit ride alone air Total
Household Income  §0- 15k 26.7% 3.8% 7.3% 40.4% 6.9% 14.7% 100.0%
$15- 25K 35.4% 1.3% 26% 47 9% 6.0% 6.8% 100.0%
§25- 35K 36.8% 1.0% 2.9% 48.3% 6.4% 47% 100.0%
§35- 50K 35.6% 1.4% T% 48.6% 41% 9.6% 100.0%
§50- 75K 35.9% 1.2% 1.8% 50.3% 54% 5.4% 100.0%
$75-100K 40.7% 1.2% 0% 48.9% 3% 6.2% 100.0%
$100-15k0 29.6% 1.5% 0% 58.2% 465% B.1% 100.0%
refused 441% 9% 2.0% 436% 4.2% 5.3% 100.0%
Total 3M1% 2.8% 51% 43.8% 6.2% 11.1% 100.0%

Household Income * Trips in tour Crosstabulation

% within Household Income

Trips in tour
2 3 4 5 6 7 8 Total
Household Income  §0- 15k 725% 17.4% 6.6% 29% A% 1% 0% 100.0%
$15- 25k 67.8% 17.4% 8.7% 4.9% 9% 2% A% 100.0%
§25- 35K 67.3% 18.5% 8.0% 51% T% 2% 0% 100.0%
§35- 50K 69.2% 16.4% 7.5% 6.2% T% 0% 0% 100.0%
§50- 75K 69.3% 16.3% 8.4% 54% 6% 0% 100.0%
$75-100K 73.5% 15.4% 7.4% 31% 5% 0% 0% 100.0%
$100-15k0 59.7% 16.4% 2.2% 4.6% 1.0% 0% 0% 100.0%
refused 69.0% 18.0% 7.9% 4.2% T% 2% 0% 100.0%
Total 70.9% 17.4% 7.3% 37% % 2% 0% 100.0%
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% within Household Vehicles

Household Yehicles * Tour main purpose Crosstabulation

Tour main purpose
medical work school | adultdaycare | shopimeal | pers.bus | recreation | social Tatal

Household Vehicles 0 36.7% 6.1% 2.5% A% 26.9% 15.8% 7.8% 3.7% 100.0%

1 321% 13.2% 21% 8.8% 208% 108% 9.6% 26% 100.0%

2 29.0% 17.8% T1% 95% 136% 10.2% 11.0% 1.8% 100.0%

3 250% 254% 3.8% 8.3% 129% 95% 13.3% 1.9% 100.0%

4 51.2% 0% 7.0% 4.7% 233% 7.0% 4.7% 2.3% 100.0%

] 50.0% 0% 5.0% 20.0% 15.0% 10.0% 0% 100.0%

a 0% 60.0% 0% 0% 0% 20.0% 20.0% 0% 100.0%
Total 33.4% 11.3% 31% 5.3% 220% 128% 9.2% 2.9% 100.0%

Household Vehicles * Tour main mode Crosstabulation
% within Household Vehiclas
Tour main mode
other special scheduled car shared car drive walkiwheelch
paratransit trans transit ride alone air Total

Household Vehicles 0 36.1% 4.5% M11% 33.8% 14.5% 100.0%

1 23.9% 1.6% 8% 531% 11.3% 9.4% | 100.0%

2 325% 1.5% 4% 491% 95% 7T1% 100.0%

3 42 6% 11% A% 44 2% 42% 7.5% 100.0%

4 23.8% 0% 0% 3B/1% 357% 2.4% 100.0%

g 4.8% 4.8% 381% 47 6% 4.8% 100.0%

g 50.0% 0% 0% 333% 16.7% 100.0%
Total 1% 27% 51% 43.8% 6.2% 11.1% 100.0%

Household Vehicles * Trips in tour Crosstabulation

% within Household Vehicles

Trips in tour
2 3 4 5 [} 7 8 Total

Household Vehicles 0 756% 16.2% 57% 2.2% 2% 0% .0% 100.0%

1 B6.1% 19.1% 8.9% 4.9% 8% 3% 0% 100.0%

2 69.9% 16.4% 7% 4.8% 9% 2% A% 100.0%

3 731% 15.9% 6.8% 34% 8% 0% 0% 100.0%

4 61.9% 19.0% 9.5% T1% 24% 0% 100.0%

5 47 4% 26.3% 15.8% 10.5% 0% 100.0%

8 80.0% 200% 0% 0% 0% 100.0%
Total 70.9% 17.4% 7.3% 3.7% 6% 2% .0% 100.0%

Residence service area * Tour main purpose Crosstabulation
% within Residence service area
Tour main purpose
medical work schoal adult daycare | shopimeal pers.bus recreation sacial Total
Residence service area  DART 32.0% 109% 4.0% 41.4% 22.9% 13.4% 9.6% 3.0% 100.0%
MITS 36.0% 12.0% 1.7% 6.8% 206% 11.7% 8.4% 2.8% 100.0%
Total 33.4% 11.3% 31% 5.3% 22.0% 12.8% 9.2% 29% 100.0%
Residence service area * Tour main mode Crosstabulation
% within Residence service area
Tour main mode
other special scheduled car shared car drive walkiwheelch
paratransit trans transit ride alone air Total
Residence service area  DART 32.3% 25% 5.5% 42.4% 6.2% 11.2% 100.0%
MITS 291% 3.2% 4.4% 46.1% 6.3% 11.0% 100.0%

Total 31.1% 2.7% 51% 43.7% 6.2% 11.1% 100.0%
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Trips in tour
2 3 4 5 Total
Residence sewice area  DART 71.3% 17.0% 7.2% 3.7% 6% 2% 0% 100.0%
MITS 70.3% 17.9% 7.4% 36% 6% A% 0% 100.0%
Total 70.9% 17.4% 7.3% 3I7% 6% 2% 0% 100.0%

VV V V VV VYV VYV VYV VVV VYV VYV VY VYV VVV VY VY VYV V VYV VYVYYVY

GET DATA
TYPE=TXT

/FILE="C:\Users\Mark\Documents\Paratransit\adatripout.dat"

/DELCASE=LIN

3. Trip level output

E

/DELIMITERS=""
/ARRANGEMENT=DELIMITED

/FIRSTCASE=2

/IMPORTCASE=ALL

/VARIABLES=
SAMPN F7.0
GEND F1.0
AGE F2.0

LIC F1.0
EMPLY F1.0
STUD F1.0
PHYSIMP F1.0
MENTIMP F1.0
SENSIMP F1.0
HHSIZ F1.0
INCOME F1.0
HHVEH F1.0
HHLIC F1.0
HHWRK F1.0
HHSTU F1.0
resarea F1.0
restract F9.0
restsz F4.0
autoacc F7.4
walkacc F7.4
expfact F6.4
numtours F1.0
adatrips F1.0
adamiles F4.1
tourn F1.0
tourpurp F1.0
tourmode F1.0
tourtrips F1.0
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tripn F1.0
tripopurp F1.0
tripdpurp F1.0
tripmode F1.0
tripozone F5.0
tripdzone F5.0
tripdist F5.2
triptime F5.2.
CACHE.
EXECUTE.
DATASET NAME DataSet3 WINDOW=FRONT.

compute areatyp=1.

if walkacc>=7.5 areatyp=2.
if walkacc>=8.4 areatyp=3.
if walkacc>=9.2 areatyp=4.

compute agegrp=1.
if age>34 agegrp=2.
if age>49 agegrp=3.
if age>64 agegrp=4.
if age>74 agegrp=5.

weight by expfact.

variable labels

sampn 'Sample number'/

gend 'Gender'/

age 'Age'/

lic 'Valid Drivers License'/

emply 'Employment Status'/

stud 'Student Status'/

physimp 'Physical impairment?'/

mentimp 'Mental impairment?'/

sensimp 'Sensory impairment?'/

hhsiz 'Household Size'/

income 'Household Income'/

hhveh 'Household Vehicles'/

hhlic 'Number of Household licensed drivers'/
hhwrk ‘Number of household members who are wc
hhstu 'Number of Household students'/
resarea 'Residence service area'/

restract 'Residence census tract'/

restsz 'Residence TAZ number NCTCOG'/
autoacc 'Residence auto accessibility'
walkacc 'Residence walk accessibility'/
expfact 'Expansion factor'/

VVVVV VY VYV VVVVVV VYV VYV VV VYV VYV VY YV VYV VVVV VYV VY VYV VYV VYV VYVYVYY
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v YV V V V

vV VY

numtours ‘Number of tours per day'/

adatrips 'ADA paratransit trips per day'/
adamiles 'ADA paratransit miles per day'/

areatyp 'Residence area type'/
agergrp 'Age group'/

tourn "Tour number in day'/
tourpurp "Tour main purpose'/
tourmode ‘Tour main mode'/
tourtrips ‘Trips in tour'/

tripn "Trip number within tour'/
tripopurp Trip origin purpose'/
tripdpurp Trip destination purpose'/
tripmode 'Trip mode'/

tripozone 'Trip origin zone'/
tripdzone 'Trip destination zone'/
tripdist 'Trip auto distance'/
triptime 'Trip auto time'.

value labels
gend 1 'male' 2 'female'/
age 999 refused’/

lic physimp mentimp sensimp 0 'no' 1 'yes' 2 'no' 9 'refused'/
emply stud 1 full time' 2 'part time' 3 'no’ 9 'refused'/

hhsiz hhveh 98 'dk' 99 'refused'/

income 1'$0 - 15k’ 2 '$15 - 25k’ 3 '$25 - 35k’ 4 '$35 - 50k' 5 '$50 - 75k’ 6 '$75 - 100k’ 7 '$100

- 15k0' 8 '$over 150k' 99 'refused'/

File Specifications

resarea 1 'DART' 2 'MITS'/
areatyp 1 'low walk acc' 2 'medium walk acc' 3 'high walk acc' 4 'very high walk acc'/
agegrp 1'17-34'2'35-49'3'50-64'4'65-74'5'75 up'/
tourpurp tripopurp tripdpurp 1 'medical' 2 'work' 3 'school' 4 'adult daycare' 5 'shop/meal' 6
‘pers.bus' 7 'recreation' 8 'social' 9 'home'/
tourmode tripmode 1 'ADA paratransit' 2 'other special trans' 3 'scheduled transit' 4 'car
shared ride' 5 'car drive alone' 6 'walk/wheelchair'.
cross tripopurp tripdpurp by tourpurp/ tripmode by tourmode /cell col.
Trip origin purpose * Tour main purpose Crosstabulation
% Double-click to [P0
activate Tour maih purpose
medical wWiork school adult daycare | shopimeal | pers.hus | recreation social Total
Trip arigin purpose  medical 42.7% 13.8%
Wik 2% 45.1% 4.7%
schoal 1.4% 1.0% 50.0% 1.8%
adult daycare A% 3% 42.8% 2.3%
shop/meal 7.5% 4.8% 0% 9.4% 51.7% 11.3% 11.8% 11.8% 18.9%
pers.bus 3.9% 25% 0% 4.3% T.6% 45.6% 6.0% 5.9% 10.2%
recreation 8% A% T 1.4% 1.1% 40.6% 1.4% 4.7%
social 1.4% H% 0% 1.4% 2.7% 2.2% 2.2% 41.5% 3.0%
horme 41.9% 45.0% 50.0% 42.4% 36.6% 39.9% 39.8% 39.4% 40.6%
Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
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Trip destination purpose * Tour main purpose Crosstabulation

Tourmain purpose
medical work school adult daycare | shop/meal | pers.bus | recreation social Total
Trip destination purpose  medical 42.7% 138%
work 2% 451% 4.7%
school 1.4% 1.0% 50.0% 1.8%
adult daycare 4% 3% 42.8% 2.3%
shopimeal 7.5% 48% 0% 8.4% 51.7% 11.3% 11.8% 11.8% 18.9%
pers.bus 3.9% 25% 0% 43% 7.6% 456% 6.0% 5.9% 10.2%
recreation 8% 5% T% 1.4% 1.1% 40.6% 1.4% 4.7%
social 1.4% 9% 0% 1.4% 27% 2.2% 2.2% 41.5% 3.0%
home 41.9% 45.0% 50.0% 42.4% 36.6% 39.9% 39.5% 39.4% 40.6%
Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Trip mode * Tour main mode Crosstabulation
% within Tour main mode
Tour main mode
other special scheduled car shared car drive walkiwheelch
paratransit trans transit ride alone air Total
Trip mode  paratransit 89.7% 245%
other special trans A% 81.3% 21%
scheduled transit 6% 3.9% 63.2% 33%
car shared ride 6.6% 26% 98.5% 48.1%
car drive alone 1% 100.0% 8.4%
walkiwheelchair 2.8% 14.9% 34.2% 1.5% 100.0% 13.7%
Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
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AAAE
AASHO
AASHTO
ACI-NA
ACRP
ADA
APTA
ASCE
ASME
ASTM
ATA
CTAA
CTBSSP
DHS
DOE
EPA
FAA
FHWA
FMCSA
FRA
FTA
HMCRP
IEEE
ISTEA
ITE
NASA
NASAO
NCFRP
NCHRP
NHTSA
NTSB
PHMSA
RITA
SAE
SAFETEA-LU

TCRP
TEA-21
TRB
TSA
US.DOT

Abbreviations and acronyms used without definitions in TRB publications:

American Association of Airport Executives
American Association of State Highway Officials
American Association of State Highway and Transportation Officials
Airports Council International-North America
Airport Cooperative Research Program

Americans with Disabilities Act

American Public Transportation Association
American Society of Civil Engineers

American Society of Mechanical Engineers

American Society for Testing and Materials

American Trucking Associations

Community Transportation Association of America
Commercial Truck and Bus Safety Synthesis Program
Department of Homeland Security

Department of Energy

Environmental Protection Agency

Federal Aviation Administration

Federal Highway Administration

Federal Motor Carrier Safety Administration

Federal Railroad Administration

Federal Transit Administration

Hazardous Materials Cooperative Research Program
Institute of Electrical and Electronics Engineers
Intermodal Surface Transportation Efficiency Act of 1991
Institute of Transportation Engineers

National Aeronautics and Space Administration
National Association of State Aviation Officials
National Cooperative Freight Research Program
National Cooperative Highway Research Program
National Highway Traffic Safety Administration
National Transportation Safety Board

Pipeline and Hazardous Materials Safety Administration
Research and Innovative Technology Administration
Society of Automotive Engineers

Safe, Accountable, Flexible, Efficient Transportation Equity Act:
A Legacy for Users (2005)

Transit Cooperative Research Program
Transportation Equity Act for the 21st Century (1998)
Transportation Research Board

Transportation Security Administration

United States Department of Transportation
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