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1.  How To Use This Guidebook
This guide is designed for those interested in measuring the level of  transit accessibility for a 
fixed route transit system.  The purpose of  this document is to provide users of  the Trans-
CAD-based Transit Accessibility Measure (TAM) software tool with instructions for installing 
and using the software.  This comprehensive guide provides background information, pertinent 
literature, and describes the methodology used to formulate the transit accessibility index that 
forms the core of  the software application.

The TAM software was developed to provide Texas Department of  Transportation (TxDOT) 
Public Transportation Division staff  and other transportation professionals within the state of  
Texas a tool to measure the level of  transit accessibility for a fixed route transit system.  Using 
this software, the level of  transit accessibility for a fixed route transit system can be determined 
for the urban region as a whole, for specific geographic subareas within the region, or for spe-
cific population subgroups.  The goal is to provide decision-makers with detailed information 
that will enable them to pinpoint areas where the transit system needs improvement or where 
future expansion should be considered.

The software is unique in that it evaluates the level of  accessibility from the customer, or public 
transportation passenger, perspective rather than from a system performance standpoint.  While 
the transit network and service details are integral parts of  transit accessibility, ultimately the 
service must provide convenient connectivity between origins and destinations of  interest to 
the user in order to be “accessible.”  As most systems serve multiple rider groups, detailed data 
and the ability to identify “weak links” in the current transit service are essential to providing a 
balanced service that addresses the needs of  each rider group.

An extensive literature review and synthesis (discussed in Chapter 2) was used to develop the 
underlying framework for the software tool (Chapter 3).  The software requires data inputs in 
specific formats, which are detailed in Chapter 4 of  this manual.  The final chapter provides the 
user with examples of  how the software can be used to both measure and improve transit acces-
sibility for any region.  Each of  these chapters is summarized in more detail below.

Chapter 2:  Background Information and Supporting Literature   
This chapter presents a synthesis of  existing literature relevant to the interpretation and 
measurement of  transit service quality from a customer-oriented perspective, with a focus on 
evaluating fixed-route transit systems.  The synthesis contributed to the software development 
in three ways:

The limitations of  existing transit service indices were identified.  Oriented towards 
system performance, these measures did not reflect the ease with which customers could 
participate in desired activities using transit.

The need for this measure to provide the software user with the ability to distinguish 
among different population subgroups was recognized, since the trip destinations and 
trip purposes could vary widely among them.

1.

2.
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In addition to providing geographic- or population-specific measures, it was determined 
that the software tool needed to also provide the user with the ability to aggregate this 
measure, so an overall service level for a region could be determined.

Chapter 3:  Formulation of  Indices   
This chapter of  the user’s guide presents the development of  the two indices that together 
provide the accessibility measures that are output from the software:  a transit accessibility 
index (TAI) and a transit dependence index (TDI).  The TAI reflects the level of  transit service 
supply, while the TDI indicates the potential level of  transit needs.  Together, the TAI and TDI 
provide a means for transit agencies to identify patterns of  disparity in service provision to 
population groups with different levels of  need.  

Chapter 4:  Software Introduction   
This chapter provides a very brief  overview of  the underlying concepts of  the software tool and 
what it was designed to do.  In addition, the software strengths and weaknesses are reviewed, 
along with the specific data needs for a user to proceed with actual use of  the software tool.  

Chapter 5:  User’s Guide   
In Chapter 5, the User is provided step-by-step instructions for assembling the necessary data 
inputs, installing the software, and conducting an assessment of  transit accessibility.  Examples 
for aggregating by demographic or geographic characteristics are also provided.

Chapter 6:  Data Needs and Application Examples   
The current version of  this software tool will allow the user to develop appropriate measures 
that can be used to improve transit service.  Chapter 6 of  the manual provides details on the 
limitations of  this software tool and data needs that would enable the development of  an 
enhanced software tool that can distinguish accessibility when multiple transit modes exist 
(i.e., bus and rail) or for specific time periods of  the day.  Chapter 6 also provides examples of  
various analyses that the user can perform.

This guidebook is designed to enable the user to effectively use the software in identifying 
service improvements and to understand the theories and research underlying the development 
of  the software tool.  Each chapter is self-contained, enabling the user to extract the level of  
information desired.  

3.

If you want more details about the development of  
the software tool, proceed to Chapter 2 and/or 3.

To install and use the software, proceed to Chapter 4.
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2.  Background Information 
and Supporting Literature

This chapter synthesizes knowledge from existing literature relating to the interpretation and 
measurement of  transit service quality from a customer-oriented perspective. The focus is on 
the evaluation of  fixed-route transit systems.  In addition, earlier studies that offer conceptual 
and operational ways of  identifying different transit sub-markets, their characteristics, and their 
varying activity and mobility needs are summarized.  The review suggests that existing transit 
service delivery measures are limited in their capabilities of  reflecting the ease with which differ-
ent population subgroups are able to participate in their desired activities using transit.  

As a result of  this literature review, it was determined that existing transit service indices, which 
were system performance oriented, were limited in their ability to reflect the ease with which 
customers could participate in desired activities using transit.  As a result, this software includes 
two important features that were lacking in earlier measures, but which are critical for under-
standing accessibility from the perspective of  the user:

The software allows for the calculation of  accessibility levels for distinct population sub-
groups traveling for specific trip purposes.  This was a result of  the literature pointing to 
a need for the software user to have the ability to distinguish among different population 
subgroups, since the trip destinations and trip purposes could vary widely among them.  

The software allows for aggregation across user groups and geographies.  In addition to 
providing geographic- or population-specific measures, the literature review indicated 
that this software tool needed to also provide the user with the ability to aggregate this 
measure so an overall accessibility level for a given area could be determined.

This chapter contains 5 sections:

Section 2.1 is an introduction to the role of  transit and the use of  transit performance 
measures.  

Section 2.2 surveys existing measures of  transit service quality that reflect the custom-
ers’ points of  view.  The section also discusses the comprehensiveness and limitations of  
these existing measures. 

Section 2.3 represents a synthesis of  earlier studies that offer conceptual and operational 
ways of  identifying different transit submarkets and their characteristics.  This is impor-
tant to our objective because the goal of  the software was to provide users with measures 
that quantify the level of  equitable distributions of  transit service.  

Section 2.4 discusses the varying activity and mobility needs of  the transit submarkets.  

Section 2.5 concludes with recommendations for the formulation of  accessibility mea-
sures.

1.

2.
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2.1  Introduction

The rising traffic congestion levels and the resulting negative air quality in many metropolitan 
areas have elevated the need for a successful public transportation system to reduce the reliance 
on the private auto.  Public transportation is an efficient and environmentally friendly alterna-
tive to automobiles that is woven into the social fabric of  a city, providing access to shelter, 
food, employment, schooling, medical care, and entertainment to people who, because of  age, 
income, or disability, do not have regular access to private motor vehicles (Jones 1985, Small and 
Gomez-Ibanez 1999, Iseki and Taylor 2001).

The important role of  transit systems to society may be reflected in the subsidization of  public 
transportation systems.  In 2002 alone, transit providers nationally received about $12.8 billion 
in capital funds from various sources, with 41% from the federal government, 12% from state 
sources, 20% from local sources, and the remainder from taxes levied by transit agencies and 
other directly generated sources (American Public Transportation Association 2005).  Over 
the last four decades, the modal share of  transit has fallen from 3.2% to 1.6% in the country’s 
metropolitan areas, including those in Texas (NHTS 2001), although transit has posted recent 
gains.12  As a consequence of  the public transit share decline, and in order to maintain public 
support for transit, operators are under pressure to provide services that will attract users from 
a wider market.  Such pressure leads to the increased emphasis on commuter-oriented express 
bus and rail services, at the cost of  inadequate service provision to transit dependent riders 
(Garrett and Taylor 1999).  For example, in a study of  the trip subsidies in Los Angeles for each 
type of  transit service by various socio-demographic variables, Iseki and Taylor (2001) found 
that, while per trip bus subsidies do not vary much ($0.38) across income categories, per trip 
express bus subsidies for the highest income riders ($9.55) are nearly twice those of  the lowest 
income riders ($4.98).  The per trip express bus and light rail subsidies were also found to vary 
substantially across racial/ethnic groups, with non-Hispanic whites and Asian-Pacific Islanders 
having the highest per trip subsidies.  Iseki and Taylor (2001, p.32) concluded “… the benefits of  
transit subsidies disproportionately accrue to those least in need of  public assistance. This raises serious questions 
regarding the conflicting objectives of  transit system policies which seek to deploy services to attract both transit 
dependent and choice riders.”

Public agencies and transit operators are looking for methodologies to accurately identify where 
problems in ridership and service equity exist and quantify the severity of  the problems so that 
appropriate actions can be taken.  To date, many performance measures have been developed 
and used in a variety of  ways, reflecting differing perspectives and responding to differing transit 
problems.  For a variety of  reasons—particularly federal reporting requirements and the relative 
ease of  obtaining data—many transit agencies have focused on measures that reflect the agen-
cies’ point of  view and concern with transit system efficiency (that is, how well a transit system 
utilizes available labor and capital resources; see Gilbert and Dajani 1975, Fielding et al. 1978, 
Fielding et al. 1985, Chu et al. 1992, Nolan 1996, Karlaftis 2003).  Meanwhile, critical aspects of  
performance that are important to the transit customers and the community at large have been 

1This statement is not intended to underplay the role of  transit in serving certain important markets (such as to down-
town areas) in urban areas today. Rather, it is intended to acknowledge the increased reliance on the private auto relative 
to the past. 

2 Hagenbaugh, Barbara.  “Drivers switch to public transit.”  USA Today, April 24, 2006, A1.
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insufficiently addressed (Kittelson & Associates, Inc. et al. 2003).  For example, analysis directed 
toward assessing the effectiveness of  subsidies in achieving equitable transit service provision is 
rarely required or produced (Murray and Davis 2001).  

The social-welfare role of  transit and the need to improve public transportation customer ser-
vice as a means to increase transit ridership have begun to receive more serious consideration, 
including the use of  customer-oriented performance measures to evaluate transit service (Takyi 
1993, Murray and Davis 2001).  Moreover, the notion of  equity in travel opportunities offered 
by transit requires that these measures reflect how well a transit system meets the customers’ 
needs in accessing the necessities, and perhaps also luxuries, of  life.  With such measures, one 
can evaluate service equity of  an existing transit system against that of  other alternatives.  One 
can also regularly assess the equity in service in an environment of  constantly evolving land use 
and population characteristics to ensure that a transit system continually meets the needs of  its 
customers.

2.2  Review of Transit Performance Measures

This section reviews past transit performance studies that reflect a customer-oriented perspec-
tive (as opposed to an agency-oriented perspective), with a specific emphasis on the notion of  
service equity.  Before discussing these studies in detail, an overview of  several characteristics 
along which existing measures may be differentiated is presented.  A three-dimensional classifi-
cation scheme is then used to position past performance measures and discuss existing measures 
as they relate to the three dimensions of  our classification scheme. Composite measures that 
attempt to account for more than one of  the three dimensions of  the classification scheme are 
then presented.  This section concludes with a discussion of  the limitations of  existing measures 
for the purpose of  assessing transit service equity.    

2.2.1  Overview
Much has been written about performance measurement in the transit industry and many per-
formance measures have been developed in the past.  Different measures have been designed 
to reflect differing points of  view (e.g., customer versus agency) and for different modes (e.g., 
fixed-route versus demand-responsive transit).  The measures that are of  interest to this report 
(i.e., customer-oriented measures for fixed-route service) differ in the scale of  analysis, type of  
mathematical structure used, and the underlying goals and objectives of  measurement.  Each of  
these three characteristics is discussed in turn in the next three sections.  

2.2.1.1  Scale of Analysis
The scale of  analysis may range from individual bus stops to individual routes to the entire tran-
sit system.  For instance, the Quality of  Service Framework proposed in the Transit Capacity 
and Quality of  Service Manual (TCQSM, TRB 2003) consists of  different measures for differ-
ent scales of  analysis (see Table 2-1).
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Table 2-1   Quality of  Service Framework Proposed for Fixed-Route Transit in the Tran-
sit Capacity and Quality of  Service Manual

A “bus stop level” analysis enables an understanding of  the cause and effect relationship 
between pedestrian access, activity opportunities, and potential ridership.  Often, findings from 
this micro-level can be aggregated to the route and system level to evaluate system coverage and 
duplication of  service.  However, as will be shown later in the discussion of  past performance 
measures, some measures (such as network accessibility or trip travel time) are meaningful only 
at the route or system level.

2.2.1.2  Type of Mathematical Structure
As TCRP Report 88: A Guidebook for Developing a Transit Performance-Measurement System 
(Kittelson & Associates, Inc. et al. 2003, p.127) suggests, the development of  a performance 
measurement program involves a number of  considerations:

The number of  measures to be reported—too many will overwhelm users, while too few 
may not present a complete picture.

The amount of  detail to be provided—general measures will be easier to calculate and 
present, but more detailed measures will incorporate a greater number of  factors influ-
encing performance.

The kinds of  comparisons that are desired—will performance be evaluated only inter-
nally or compared with other agencies?

The intended audience—some audiences will be more familiar with transit services and 
concepts than others.

As a trade-off  among these considerations, past performance evaluations have been conducted 
using one or more of  the following types of  measures: (1) individual measures, (2) ratios, (3) in-
dex measures, and (4) level of  service (LOS) measures (Kittelson & Associates, Inc. et al. 2003).  
An individual measure usually reflects a single attribute of  a transit system, such as frequency, 
that can be measured directly.  It has the advantage of  being intuitive and easy to compute.  Yet, 
in order to describe a complete picture of  a transit system, one usually needs to use several 
individual measures or combine individual measures with other types of  measures.  Ratios often 
represent some kind of  normalized values for comparison purposes and are typically developed 
by dividing one transit attribute by another, such as passengers per bus.  They too are usually 
easy to understand, but again suffer from the problem of  describing only a single aspect of  
system performance.  One way of  overcoming this problem is to use index measures, which are 
developed to produce a single value to reflect the combined, weighted, result of  several perfor-
mance measures.  

The main advantage of  index measures is the ease of  presentation through the minimization 
of  the number of  measures reported.  The accompanying disadvantages are that they cannot 

1.

2.

3.

4.

Transit Stop Route Segment System

Availability Frequency Hours of Service Service Coverage

Comfort & Convenience Passenger Load Reliability Transit-Auto Travel Time
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be directly measured in the field, may not be particularly intuitive, and may mask significant 
changes in their constituting measures.  The LOS measures are developed by assigning “A” to 
“F” letter scores to predefined ranges of  values of  a particular measure.  They are analogous 
to the roadway LOS measures originally proposed by the Highway Capacity Manual.  As with 
index measures, the LOS measures provide a simple way to present evaluation results to the 
public and to decision makers, yet they mask performance changes and trends occurring in the 
underlying measures.  

2.2.1.3  Underlying Goals and Objectives 
Before developing or choosing a performance measure, one must first consider what is meant 
by “performance” in the context of  the agency’s goals and objectives.  However, it is not a 
straightforward task to categorize performance measures based on their underlying goals and 
objectives, as they often overlap each other and their definitions are subject to interpretation.  
For instance, Table 2-2 shows the eight categories and the subcategories of  concern to custom-
ers, communities, agencies, and motor vehicle drivers as identified in TCRP Report 88 (Kittelson 
& Associates, Inc. et al. 2003).  The categories are by no means mutually exclusive and hence 
represent only one way of  classifying the common goals and objectives of  transit planning and 
evaluation process.  For example, travel time measures that assess “how long it takes to make a 
trip by transit” may also be considered as an indicator of  mobility, which is defined as “the ease 
of  traveling between locations within a community.”  Also, measures of  capacity are candidates 
for measuring service availability and service delivery.

Table 2-2  The Eight Goal/Objective-Based Categories Used in  
TCRP 88 Report to Organize Past Transit Performance Measures

Categories Subcateogries (if applicable)

Service Availability Spatial Availability
Temporal Availability
Para-Transit Availabililty
Capacity Availability

Service Delivery Reliability
Customer Service
Passenger Loading
Goal Accomplishment

Community Impact of Transit Mobility
Outcomes
Environment

Travel Time Time
Speed

Safety and Security

Maintenance and Construction

Economic Utilization
Efficiency
Effectiveness
Administration

Capacity
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In contrast to the overlapped eight-way categorization of  goals and objectives outlined in TCRP 
Report 88, the Transit Capacity and Quality of  Service Manual (TCQSM, TRB 2003) makes a 
distinction between only two broad categories of  customer-oriented performance measures: 
availability measures versus comfort and convenience measures.  Here, measures of  availability 
reflect whether or not transit is even a potential mode choice, a definition similar to that of  the 
service availability category in TCRP Report 88.  Measures of  comfort and convenience are those 
that capture the factors influencing a passenger’s decision to choose transit (when transit is an 
option) over a competing mode.  This category can be considered as encompassing many of  the 
categories (except for those under service availability) listed in Table 2-2.

2.2.2  Classification Scheme of the Current Review
The literature review resulted in the identification of  several prior efforts to develop customer-
oriented transit performance measures.  As summarized in Table 2-3, these measures differ in 
terms of  their scale of  analysis, type of  measure, and underlying goals and objectives.  By fol-
lowing the approach used in TCQSM, three types of  measurement related to the project’s goals 
and objectives were identified: local availability, network availability, and comfort and convenience.  
These three types of  measurement goals/objectives are the most relevant to transit performance 
from a customer perspective.  The term local availability is defined as whether or not transit is 
available at the trip origin or destination, while network availability is defined as how suitable 
transit is for transporting a customer from a trip origin to a desired destination.  Both local 
and network availability may refer to spatial availability (where can one use transit service and 
how can one get to it) or temporal availability (when, how often, and for how long can one use 
transit service), or both.  For the purpose of  assessing how well prior measures reflect the level 
of  transit service as perceived by the customers, each is reviewed specifically with regard to the 
degree to which it reflects the characteristics of  the transit system (i.e., supply) and the needs of  
the customers (i.e., demand).  Measures that account for the supply of  transit service, such as 
bus stop locations and headways, are indicated with an “S” in the last three columns of  Table 2-
3.  Similarly, measures that account for the demand of  transit service, such as the desired origins 
and destinations and time of  travel, are marked with a “D.”

In the following sections, the formulation of  prior measures with regards to local availability, 
network availability, and comfort and convenience of  transit service are described.
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2.2.3   Measures of Local Availability
The availability of  transit service is vital for potential passengers: if  transit service is not pro-
vided to the locations where people want to go and at the times they need to travel, transit is 
not a viable option (Kittelson & Associates, Inc. et al. 2003).  In this section, the approaches for 
measuring local availability of  transit service are summarized.  Such measures are sometimes 
referred to as measures of  “local accessibility” (Hillman and Pool 1997) or “access” (Murray et 
al. 1998).  

First, prior measures of  local spatial availability—measures of  how easy it is to have access to 
transit from a trip origin or destination—are described.  These measures usually focus on the 
quality of  the transit stops and the configuration of  walk networks in relation to transit stops.  
Then the focus shifts to prior measures of  local temporal availability—measures of  the opportu-
nity for transit use based upon attributes such as service frequency and operation hours.  Finally, 
a review of  measures that account for both local spatial and temporal availability is presented.

2.2.3.1  Local Spatial Availability
Because most transit riders walk from their trip origins to bus stops and from bus stops to their 
trip destination, local spatial availability is often evaluated in terms of  pedestrian (walk) access, 
as opposed to park and ride or transfers (Hsiao et al. 1997).  Assessment of  local spatial avail-
ability typically requires estimating the population in the service area of  a transit stop or route, 
thus accounting for the location characteristics of  both the supply and demand of  the transit 
service.  The estimation of  the population served involves a two-step procedure: (1) identifying 
the service area that is accessible by pedestrians and (2) estimating the potential ridership based 
on the population and/or land use within the service area.  As discussed below, there are a num-
ber of  different ways to implement the two steps of  the procedure. 

2.2.3.1.1  Identifying Service Area
The identification of  service areas is typically achieved using a GIS buffering operation by 
constructing lines of  equal proximity around each transit stop (for example, see Hsiao et al. 
1997, Ryus et al. 2000, Murray and Davis 2001, Zhao 2003) or each transit route (for example, 
see O’Neill et al. 1992 and Polzin et al. 2002).  The buffering operation clearly involves at least 
two decisions.  The first decision is whether routes or stops should be used as the reference of  
measurement.  As Horner and Murray (2004) demonstrated in their empirical study, the two 
approaches may lead to very different values of  spatial availability.  Horner and Murray contend 
that transit stops offer a more appropriate basis than routes for estimating service area coverage 
because stops are the actual locations where transit users access the system.  The other decision 
involved in the buffering operation is the buffer size.  A common practice in transit planning 
is to assume that people are served by transit if  they are within 0.25 mi (or 400 m) of  either a 
transit route or stop (Murray 2001, Peng et al. 1997, Ramirez and Seneviratne 1996).  However, 
a study conducted by Alshalalfah et al. (2005) suggests that the 0.25 mi criterion underestimates 
how far people are willing to walk to access transit.
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Once a distance threshold is defined, buffers are created around the transit features.  Some 
studies measure the distance based on straight-line, or Euclidean, distance (Murray et al. 1998, 
Murray and Davis 2001), while others use network distance (that is, the walk distance computed 
using the street network to reach a transit feature; O’Neill et al. 1992, O’Neill 1995, Hsiao et al. 
1997, Zhao 1998, Horner and Murray 2004).  Since the network distance between two locations 
in space is greater than, or equal to, the corresponding air distance, the size of  a coverage area 
defined by the network distance will be smaller than, or equal to, that defined by straight-line 
distance (see Hsiao et al. 1997, and Horner and Murray 2004, for comparative analysis of  the 
two distance measures).  Network distance measures are likely to be more realistic because they 
reflect the configuration of  the street network and recognize the presence of  any man-made 
barriers preventing direct access to transit features.

In addition to using the afore-mentioned distance measures, past researchers have also sug-
gested the use of  travel time to transit features as a measure of  proximity (Murray et al. 1998 
and O’Neill et al. 1992).  Using travel time is preferable to distance as a measure of  proximity 
because travel time measures account for such pedestrian-unfriendly factors as steep terrains.  
However, because of  the additional data requirements and the amount of  processing effort 
involved, travel time measures have rarely been used in practice.       

2.2.3.1.2  Identifying Population Served
Once a service buffer is constructed, the next step is to overlay the buffer onto other polygons, 
such as census tracts, for which socio-demographic data is available (hereafter refered to as 
“analysis zones”).5   Typically, a service buffer (denoted as i ) intersects, either fully or partially, 
with more than one analysis zone j ( j=1...J ).  The population served by the transit service in 
buffer  i,  Pi , is thus equal to the sum of  the population in each of  the intersecting areas, Pij :

where Pij is often estimated based on the amount of  interaction between service buffer i and 
analysis zone j.  

A common approach for estimating Pij is to assume that the population is uniformly distributed 
within the analysis zone.  This is known as the area ratio approach:

where Pj is the population in zone j;  Aij is the area of  intersection between buffer i and zone j; 
and Aj is the total area of  zone j.  

5This is done in the absence of  data about the exact population distribution within the service buffer.
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The area ratio approach has been criticized for providing a realistic population estimate only if  
the underlying street network is an evenly spaced fine mesh grid.  O’Neill (1992) suggested the 
network ratio method as an alternative approach:

where Pij and  Pj are defined as before; Lij is the total street miles within the intersection of  
buffer i and analysis zone j; and Lj is the total street miles in zone j.  Essentially, the network 
ratio method assumes that the population is uniformly distributed on streets in a zone.  This 
assumption is realistic for residential areas, but may be weak for zones of  mixed housing types 
or mixed land uses.  To relax the simplistic assumption regarding population distribution, Zhao 
(1998) proposed a modified network-ratio method that uses data about the structure of  the 
dwellings (number of  housing units in multi-family housing and number of  bedrooms in each 
dwelling unit) in an analysis zone to estimate the population distribution within the zone.  Later, 
Zhao et al. (2003) suggested the use of  a distance decay function to reflect the observation that 
transit use deteriorates exponentially with walking distance to transit stops.  Specifically, the 
population size in each dwelling unit (household) is weighted by a decay function of  the distance 
between the dwelling and the transit feature i.  The sum of  the weighted household sizes across 
all households in zone j forms an estimate for the population served by transit feature i in zone 
j.  In their application of  the distance decay method coupled with the modified network-ratio 
method, Zhao et al. (2003) found that their approach results in a much lower estimate of  the 
population served (almost half) than those given by the area-ratio and the network-ratio meth-
ods. 

2.2.3.1.3  Scale of Analysis and Type of Measurement
The procedure described above for assessing the local spatial availability of  a transit service 
gives an individual measure (i.e., population size in the service area) of  service performance.  If  
the measure is based on the buffer around a transit stop, it is considered to be a stop-level mea-
sure.  Because of  the simple nature of  the measure, one can aggregate the measurements for the 
stops along a route to give a route-level assessment (see Hsiao et al. 1997).  Alternatively, if  the 
measure is based on a buffer around a transit route, then it is by nature a route-level analysis (see 
O’Neill 1992).  Both types of  route-level measures can be used to compare the transit perfor-
mance of  multiple transit routes.  They can also be aggregated over multiple routes in a region 
to evaluate an existing transit system against a proposed one, as done by Hsiao et al. (1997).    
 

2.2.3.2  Local Temporal Availability
The studies described in the preceding section evaluate transit service solely based on spatial 
access to stops or routes and do not address the temporal dimension associated with the avail-
ability of  transit service.  Yet, the temporal aspect of  transit availability is important because a 
service within walking distance is not necessarily considered as available if  wait times beyond a 
certain threshold level are required.  This wait time for transit is related to the frequency of  the 
service as well as the threshold for tolerable waits for potential riders (Polzin et al. 2002).
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As part of  their efforts in developing a comprehensive measure of  transit availability, Polzin et 
al. (2002) devised a measure of  temporal availability.  Data on the temporal distribution of  travel 
demand and service frequency are used to calculate the service availability weighted by the time-
of-day distribution of  travel demand.  Specifically, the temporally weighted service availability of  
route i during service period p,  Mip, is defined as

where fip is the service frequency of  route i in period  p, tip is the tolerable wait time on route i in 
period p, and Pp is the fraction of  daily travel demand that falls within period p.  The total daily 
service availability for route i is then given by

where n is the number of  time periods for which service is available.  Essentially, the formu-
lation allows service in periods of  high demand to be weighted more heavily than service in 
periods of  low demand.

2.2.3.3  Local Spatial and Temporal Availability
Based on their proposed temporal measure of  service availability (as described in Section 2.3.2), 
Polzin et al. (2002) developed a measure that accounts for both spatial and temporal availability 
at trip ends.  The calculation involves first computing the total equivalent population in zone j 
as:

where Pj and Ej are the population size and the number of  individuals who work within zone 
j, respectively.  P and E are the total population size and number employed, respectively, in the 
study area.  w is an employment weight factor that is used only when there is a need to adjust 
the relative attractiveness of  zone j with regard to the employment level.  The total exposure to 
transit route i in zone j is calculated by applying the demand-weighted service availability to the 
total equivalent population in the zone:



14 — TAM User’s Manual

where zij is a user-specified value indicating the fraction of  zone j that falls within the service 
buffer of  route i.  Summing across I transit routes in the system and converting trip end expo-
sure to daily trips yields the total daily trips in zone j exposed to transit service:  

where r is the daily person trip rate.  Finally, the daily trips per capita in zone j exposed to transit 
service are then calculated as

The final transit accessibility measure,  Aj  represents a system-level index that can be used to 
evaluate service and compare transit accessibility across zones.

The Transit Capacity and Quality of  Service Manual (TCQSM, TRB 2003) also suggests the 
need to account for both the spatial and temporal dimensions of  transit service when evaluating 
service quality.  As shown in Table 2-1, the manual recommends the combined use of  service 
frequency at the stops (temporal availability), hours of  service of  the routes (temporal avail-
ability), and service coverage of  the transit system (spatial availability).  Based on the TCQSM 
concept, Ryus et al. (2000) developed the transit level-of-service (TLOS) indicator that considers 
a person to have access to transit at a given time if  all of  the following conditions are met: (1) 
the person lives within a user-defined walking distance of  a transit stop; (2) the pedestrian envi-
ronment provides safe and comfortable walking routes to transit stops (as defined by the user); 
and (3) a transit vehicle arrives within a time period that is defined by the user and measured 
from arrival at the bus stop.  The TLOS performance measure is computed as the product of  
(1) the percentage of  the people in zone j with access to transit stop i and (2) the percentage of  
the time the transit service is available within a time window of  an hour, yielding the percent-
age person-minutes served for zone j by stop i.  Even though this method accounts for the 
spatial and temporal dimensions of  the service supply, only the spatial dimension of  the service 
demand (i.e., population size) is considered and not the variation in temporal demand.

The public transport accessibility level (PTAL) index developed in London, England is another 
measure that considers both the space and time dimensions of  local transit availability (see 
Kerrigan and Bull 1992, Hillman and Pool 1997, Cooper 2003).  It is essentially a measure of  
the density of  the transit service at a point of  interest in space.  The computation of  the index 
involves first calculating a measure of  scheduled waiting time (SWT) based on scheduled service 
frequency.  A mode-specific reliability factor is then added to the SWT to produce the average 
waiting time (AWT).  The sum of  the AWT and the walk time from the point of  interest to a 
transit access point gives the total access time, which is then converted to an Equivalent Door-
step Frequency (EDF) such that:
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   EDF (min) = 30/total access time (min). 

The EDF values corresponding to all the routes within the catchment area of  the point of  inter-
est are combined to give an accessibility index (AI):

AI = EDFmax + (0.5 ∙ Sum of  All Other EDFs)

In the above equation, the EDF values for all but the most accessible or dominant route is 
halved to compensate for the fact that (1) the number of  routes actually considered by a user are 
likely to be fewer than that included in the calculation; and (2) riders often have to change routes 
in order to reach the desired destination, leading to significant transfer delays to the journey.  If  
more than one transit mode is present in the catchment area, the AI calculation is repeated for 
each available mode and the values are summed across all modes to give the public transport 
accessibility index (PTAI).  The value of  the PTAI is then mapped to six levels of  PTAL, with 
level 1 being the lowest level of  accessibility and 6 being the highest.  It should be noted that 
since the computation of  PTAL is with reference to a point of  interest and not the customers 
themselves, the measure accounts for the supply but not the demand of  transit service.  

2.2.4  Measures of Network Availability
Measures of  network availability are concerned with how easy it is to get from an origin to a 
specific destination by using transit.   These measures reflect the configuration of  the transit 
network itself  and, therefore, are applicable to the route or system level analysis and not the 
stop level.  In the literature, the measures are also known as measures of  “network accessibility” 
(Hillman and Pool 1997) or simply “accessibility” (Murray et al. 1998).  Typically, past measures 
of  network availability represent a combined assessment of  the quality of  the transit system in 
terms of  both the spatial and temporal dimensions.

Hillman and Pool (1997) described a measure that has been applied by the London borough 
of  Croydon to examine the effects of  implementing a new tramline serving a new sports arena 
on network accessibility.  This measure of  network accessibility is calculated by defining a set 
of  destinations (such as schools, hospitals, and other activity centers) and identifying the transit 
routes that link residential zones (i.e., origins) to the trip attractors (i.e., destinations).  For each 
origin, the time taken to walk from the origin to a stop, the time spent waiting at the stop, the 
time spent traveling and waiting at any interchanges, and the time spent walking to the destina-
tion from the bus stop is aggregated to give a total travel time using transit.

Hillman and Pool’s (1997) idea of  assessing network accessibility by travel time between origin-
destination (O-D) pairs is also used in several later studies.  Schoon et al. (1999) described an 
accessibility index (AI) for comparing the accessibility by alternative modes between an origin-
destination O-D pair.  For a given mode, such as transit for example, the AI is defined as:
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The travel time by bus includes the on-board travel time, access to and from bus stops, and wait-
ing time at stops.  The travel time by car includes in-vehicle travel time and access time between 
parking facility and destination.  Similarly, the travel time by cycling includes the cycling time and 
access time at the destination. 
  
Fu et al. (2005) also take the approach of  comparing travel time by transit against that by car 
when evaluating transit network accessibility.  Their approach differs from that of  Schoon et 
al. (1999) in that the travel time between each O-D pair for a given time period of  the day is 
weighted by the associated travel demand (observed or forecasted).  The weighted travel times 
are then summed over all the time periods and normalized by the total daily travel demand.  The 
weighting allows the demand aspect, together with the supply characteristics, to be incorporated 
into a single index measure. 

Koskinen et al. (2005) also take the O-D based approach to examine transit performance.  
Instead of  combining the various temporal attributes into one composite measure, as is done 
in Fu et al. (2005), Schoon et al. (1999), and Hillman and Pool (1997), Koskinen et al. devel-
oped a tool that calculated then graphically displayed the individual measures for each O-D 
pair.  These measures include the number of  connections required, the different components 
of  transit travel time (in-vehicle time, walking time, waiting time), transit-auto travel time ratio, 
travel speed, headway, number of  boardings, and service coverage. The tool has the capability 
of  identifying multiple optimal and feasible paths on the transit network between an origin and 
a destination for an individual for multiple arrival and departure times.  The average, minimum, 
and maximum values over the optimal and feasible paths are then calculated for each of  the 
aforementioned measures. The average of  a performance measure can be further weighted by 
the O-D demand and summed across all origins for a given destination.  This gives the acces-
sibility by transit for a given zone.

2.2.5  Measures of Comfort and Convenience
As has been argued in several past studies of  transit performance, when measuring the per-
ceived performance of  transit service from the customer’s point of  view, it is important to take 
into consideration factors other than those related to spatial and temporal availability (Benn 
1995, Potts 2002, Kittelson & Associates, Inc. et al. 2003, TRB 2003, Tumlin et al. 2005).  In this 
report, the terminology used in the Transit Capacity and Quality of  Service Manual (TCQSM, 
TRB 2003) is adopted by lumping these factors into the category of  comfort and convenience, 
which may include factors relating to safety and security (such as accidents), service delivery 
(such as on-time performance and headway adherence), capacity (and passenger loading), and 
passenger environment (such as vehicle cleanliness).       

The comfort and convenience associated with transit service is usually excluded from existing 
transit performance measures because data about these factors are often unavailable and many 
of  the factors are difficult to quantify.  Of  the many factors in this category, reliability is perhaps 
the one that is easiest to measure in the field.  Tumlin et al. (2005) suggest using the coefficient 
of  variation in headway gap, calculated as the standard deviation of  actual headway divided by 
the scheduled headway.  Alternatively, the probability of  a vehicle’s headway being off  by more 
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than one-half  of  the scheduled headway may be a more intuitive measure of  reliability.  Or, the 
probability of  different degrees of  headway variation occurring can be mapped to predefined 
LOS grades.  In addition to the reliability indicator, Tumlin et al. (2005) also define separate 
LOS indicators for frequency, span of  service, loading, and travel speed.  Passenger load, which 
is measured in terms of  percentage of  vehicle capacity, is considered as another important 
measure of  comfort.  Notably, a high vehicle capacity is viewed positively from a transit system 
efficiency standpoint, but a high vehicle capacity is viewed negatively as a measure of  passenger 
comfort.

The study by Camus et al. (2005) is devoted to the assessment of  transit reliability.  The pro-
posed measure, which the authors refer to as the “weighted delay index,” is defined as:

where H is the scheduled headway, k is the generic delay value in minutes (0 ≤ k ≤ H ), and p(k) 
is the observed probability for delay k.  R is expected to take a value between 0 and 1, with a 
higher value indicating lower reliability.  This reliability measure takes into consideration both 
the amount of  delay associated with transit trips compared to single-occupant vehicle trips and 
the number of  late trips due to transit service failure.

2.2.6  Other Composite Measures
The Local Index of  Transit Availability (LITA), developed by Rood (1998) for the Sacra-
mento-based Local Government Commission, is one of  the more comprehensive performance 
measures as it combines three aspects of  service: route coverage (spatial availability), frequency 
(temporal availability), and capacity (comfort and convenience).  By relating the amount of  
transit service in an analysis zone to the population of  both residents and workers in the zone, 
the LITA addresses both the supply and the demand of  the service in one composite LOS 
score.  The computation of  the overall LITA score involves first calculating separate scores 
for route coverage, frequency, and capacity.  The service coverage score is given by the number 
of  stops in a zone divided by the square mileage of  the land area in the zone.  The frequency 
score is defined as the total number of  transit vehicles for the line.  The capacity score is in 
seat-miles per capita, calculated as total daily seats on a transit line (which is vehicle capacity 
multiplied by number of  vehicles per day) multiplied by route-miles of  transit line in zone, and 
then divided by the total population in the zone (residential population plus worker popula-
tion).  Each of  these three scores is then standardized across all the zones in the study area to 
provide a measure of  relative accessibility.  The standardization is achieved by (1) taking the 
difference between the raw score and the mean of  the distribution and (2) dividing the differ-
ence by the standard deviation of  the distribution of  that score.  The overall LITA score is the 
average of  the three standardized scores.  For ease of  interpretation, the authors add 5 to the 
overall score so that the score is always positive and takes a value from 1 to 10.  The adjusted 
score is then mapped to grades A through F, with grade “A” corresponding to an adjusted score 
of  6.5 or higher, indicating the highest level of  accessibility.  Figure 2.1 illustrates the application 
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of  the LITA score to Riverside County, California, by the Riverside Transit Agency.  The map 
shows that the central city and the rail station areas in the northwest side of  the county have the 
highest LITA value–an indication of  great potential for infill development, redevelopment, and 
transit oriented new development (Rood, 1998).   

Figure 2.1  The LITA score for Riverside County, California (Source: Rood, 1998) 

2.2.7  Limitations of Existing Measures
As can be observed from Table 2-3, previously proposed measures of  transit service quality 
tend to focus on the local availability and in particular, the spatial availability in terms of  the 
population within the assumed coverage area.  As Polzin et al. (2002) suggested, the convention-
al simplistic measures of  service coverage tend to overestimate the proportion of  population 
with transit access.  Among the studies that consider the temporal as well as the spatial coverage 
at the local level, Polzin et al. (2002) are the only researchers that take into account the time-of-
day distribution of  travel demand to reflect the relative value of  the transit service provided in 
each time period of  the day.  

Past measures of  network availability all seem to be based on travel time or travel speed between 
pairs of  origin and destination zones.  The measures developed by Fu et al. (2005) and Koski-
nen et al. (2005) are the only measures to reflect the spatial distribution of  travel demand.  Very 
few studies have given attention to the comfort and convenience aspect of  transit service, with 
the LITA by Rood (1998) being the only composite measure that addresses local availability, 
comfort, and convenience of  transit service. 
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As revealed in this literature review, an area for additional research in transit performance 
measure development is the formulation of  a single, comprehensive measure to simultaneously 
address local availability, network availability, comfort, and convenience.  Moreover, in order for 
such a measure to be truly “customer-oriented,” the measure needs to contain three primary 
sets of  variables (Hillman and Pool, 1997): (1) the location and characteristics of  the individual 
or person type, for example, where they live, their mobility and car ownership status; (2) the 
opportunities available within their area for the necessities (and perhaps luxuries) of  life—for 
example, jobs, shops, schools, and medical facilities; and (3) the transport systems that link the 
two together, including walk and cycle routes, roads and car parks, and public transport services.  
This need is supported, in part, by the empirical findings of  Alshalalfah et al. (2005) that the 
location characteristics and socio-demographic characteristics of  transit users have a significant 
impact on the perceived local accessibility of  transit.  Yet, past studies on the subject have made 
little or no distinction among transit users of  different socio-demographic characteristics.
   
For the purpose of  assessing equity in transit service delivery, it is especially important to fac-
tor into the performance measures the different service needs of  various population groups.  
The development of  such comprehensive and customer-oriented measures requires a good 
understanding of  the differences among transit customers—their personal characteristics, their 
activity preferences, and their specific travel needs.  It also requires a means to identify individual 
transit market sectors across space, so that the level of  service experienced by individual sectors 
can be measured separately.  These issues are discussed in the next two sections of  this chapter. 
 

2.3  Transit Submarkets
This section examines three different transit user groups: transit-dependent, transit-inclined, and 
choice-riders.  In addition, specifics on how these user groups were operationalized in empirical 
studies in order to identify specific transit submarkets are presented.

2.3.1  Transit Dependent Users
The term “transit-dependent” is often used in transit planning literature without being specifi-
cally defined (Benson 1974, Cervero 1981).  There also seems to be no consensus regarding this 
term among those researchers who do offer a definition.  These definitions range from: the car-
less and those dependent on transit for all non-walking trips (Falocchio et al. 1972); low-income 
households and households with few or no cars (Kendall 1980); the poor, elderly, young, and 
the car-less (Doxsey and Spear 1981, McLaughlin and Boyle 1997, Grengs 2001); and the elderly, 
poor, and the handicapped (Perrin 1982).  It has been largely left to the individual researcher to 
define the transit-dependent population in a way suitable for his or her research.

The American Public Transportation Association (APTA) offers a broader definition of  “tran-
sit-dependent” in the 1997 Transit Fact Book:
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People in the transit dependent market have no personal transportation, no access to such 
transportation, or are unable to drive.  Included are those with low incomes, the disabled, el-
derly, children, families whose travel needs cannot be met with only one car, and those who opt 
not to own personal transportation.

Based on this definition, Polzin et al. (2000) found that, in 1995, 30% of  the U.S. population 
over five years of  age was transit-dependent.

2.3.2  Transit-Inclined and Transit-Choice Users
The subgroup of  the population who are likely to use transit is referred to as the “transit-in-
clined” user groups.  According to McLaughlin and Boyle (1997) and Grengs (2004), these are 
low-income individuals residing and working in high-density areas.  The “transit-choice” users, 
on the other hand, are those that use transit because “[it] is superior to other choices in regard 
to time, cost, convenience, and comfort” (Beimborn et al. 2003).  For example, Crepeau (1996) 
considers the high-income but carless households in New York City to be choice users because 
these households most likely can afford a car but choose not to do so.  The definition offered by 
Garrett and Taylor (1999) is narrower in that, while the poor, minority, central city residents are 
considered transit-dependent riders, choice riders are those who are white, have a car, and live in 
the suburbs.

2.3.3  Methods for Identifying Transit Submarkets
Although many researchers go through the task of  defining the complete gamut of  transit sub-
markets, operationalization is often a more challenging task.  There are three main sources of  
data that past researchers have used to identify their target submarket of  transit: local/custom-
ized travel survey data, national travel survey data, and census data.

2.3.3.1  Use of Local/Customized Travel Survey Data
The term “Travel Survey Data” refers to several different survey datasets that document the 
travel behavior of  regional residents.  The two types of  travel surveys most applicable to this 
study include both household travel surveys and transit user or “on-board” surveys.  Household 
travel surveys focus on the household as the unit of  analysis, and are used to document all trips 
for all household members for a given time period (typically a 24-hour period).  Within house-
hold travel survey data, the incidence of  transit trips is typically quite low, reflecting the region-
wide level of  transit usage.  On-board surveys focus on the transit rider as the unit of  analysis 
and are used to document the travel characteristics of  the current trip being made, including its 
origin, destination, bus access and egress details, trip purpose, and user characteristics.  

Beimborn et al. (2003) define the transit-dependent riders as zero-vehicle households.  For 
their analysis, they use the Portland, Oregon, 1994 Household Activity and Travel Diary Survey 
to identify their target population.  In a study of  the Central Brooklyn poor, Falcocchio et 
al. (1972) used a local statistical handbook to identify the major characteristics of  the Central 
Brooklyn area, and then relied on their own survey data to present findings relating to income 
and travel.  They observed a direct correlation between income and car ownership and noted 
that low income households used transit (bus and subway) at a higher rate than households with 
higher incomes.
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2.3.3.2  Use of National Travel Survey Data
Polzin et al. (2000) used the National Household Travel Survey (NHTS) data to study transit 
travel.  Their analysis is conducted using the APTA definition of  transit-dependent rider as cited 
above, but excluded those households whose travel needs cannot be met by only one car.  All 
other households are designated as choice riders.  Since the national travel survey data has been 
weighted, it was used to estimate the national figures of  the transit-dependent population from 
1969 through 1995.  Polzin et al. note that the increase in household car ownership has de-
creased the transit-dependent population over the time period being studied.
  
Crepeau (1996) also uses the NHTS data for his analysis of  the car-less.  By definition, his inter-
est is strictly on households that do not have a vehicle available.  He uses the national survey 
data from 1990 (minus New York City residents) to construct a socio-demographic description 
of  car-less households.  Crepeau finds that car-less households typically do not include people 
who are in the workforce, have a lower than average income, and are situated in the central cities 
of  urban areas.  In addition, they are often made up of  elderly people or single adults without 
children.  Most car-less households are headed by women (Crepeau 1996).  Crepeau also found 
that recent immigrants are less likely to own vehicles; however, the longer they are in the U.S., 
the more likely they are to own a vehicle.

2.3.3.3  Use of Census Data
The census data is the most commonly used source for identifying transit submarkets.  
McLaughlin and Boyle (1997) use census block group level data to identify the population below 
the poverty line, the young, the elderly, and households without a car, as well as residential den-
sity as a proxy for incentive to use transit.

Grengs (2001) focused on “vulnerable” households; that is, those households who do not have 
a vehicle or reasonable access to transit.  In his development of  a measure of  accessibility to 
grocery stores, Grengs relies on U.S. Census topographically integrated geographic data files as 
well as socioeconomic data.  Assuming that census tracts are homogeneous with respect to so-
cioeconomic factors and generally larger than the Transportation Analysis Zones (TAZ), Grengs 
uses the census data to describe the TAZ, which are his unit of  analysis.  In a later study, Grengs 
(2004) measures transit accessibility using block-group level data.  He contends that, since access 
to transit is associated with short distances that might not be well represented using TAZ-level 
measures, the block-group areas are better suited to a study of  transit accessibility. The actual 
unit of  his analysis is a “neighborhood,” which consists of  four to six census tracts that meet 
his definition of  being racially isolated and high in poverty.  In creating his accessibility measure, 
Grengs uses the U.S. Census Bureau TIGER files for street, infrastructure, and census tract 
boundaries; the Economic Census ZIP Code Files for employment and trade service data; and 
the Census of  Population and Housing for demographic and socioeconomic data.
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A variety of  U.S. Census Bureau products are also used by Kawabata (2003) to evaluate access 
to employment by low-skilled workers from zero-vehicle households.  Three U.S. metropolitan 
areas are examined in this research, with the unit of  analysis being the TAZ.  Kawabata relies on 
the 1980 Urban Transportation Planning Package and the 1990 Census Transportation Planning 
Package (CTPP) for employment data (number of  workers by job type) and the 5% Public Use 
Microdata Samples (PUMS) to calculate the percentage of  low-skill workers in each occupation 
category.  The PUMS data is identified by the Public Use Microdata Area (PUMA).  Because 
PUMAs are larger than tracts, the author aggregated TAZ-level data (the jobs-access measure) 
in order to make a final comparison of  job access to low-skilled workers.  The CTPP is also the 
source for car ownership in this study.  

2.4  Transit Needs
As discussed earlier, different users may perceive the quality of  transit service differently, given 
their specific activity and mobility needs.  The questions associated with the differing needs of  
transit submarkets are especially relevant to the assessment of  equity issues of  transit service 
allocation.  Where, or what services, do users need to access?  When do they need transit service 
the most?  What other transit service needs do they have?  Do the needs differ for different user 
groups?  Below, the literature that addresses some of  these questions is examined. 

2.4.1  Location and Activity Needs
One way to assess where people need to go is to consider what their travel reveals about where 
they go already.  The 2001 National Household Travel Survey collects data regarding individuals’ 
travel to a wide variety of  places, as shown in Table 2-4.  This long list of  places can be col-
lapsed further into a smaller number of  categories as shown in Table 2-5.  The list reflects the 
type of  destinations and services that a transit system can potentially access.  
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Table 2-4  Trip Purposes Defined in the 2001 National Household Travel Survey

Table 2-5  Summary of  NHTS Trip Purposes

Several other sources suggest other lists of  what are the most important or essential places for 
households to reach.  These are summarized in Table 2-6 and described below.  

In activity and travel destination analysis studies, researchers typically concentrate on a small 
number of  destinations: work, school, grocery stores, and medical facilities.  These can all be 
considered “essential” purposes.  Other destinations that are considered important include 
religious facilities, social and recreation activities, and public services such as banks and the post 
office.  These seven types of  destinations appear to be the minimum necessary destinations for 
people to lead a “basic” life in society. 

Home

Go/Return to Work

Attend Business Meeting/Trip

Other Work Related

Go to School as Student

Go to Religious Activity

Go to Library: School Related

Other School/Religious Activity

Day Care

Medical/Dental Services

Shopping/Errands

Buy Goods: Groceries/Clothing/Hardware Store

Buy Services: Video Rentals/Dry Cleaner/Post 
                       Office/Car Service/Bank

Buy Gas

Go to Gym/Exercise/Play Sports

Rest or Relaxation/Vacation

Visit Friends/Relatives

Go Out/Hang Out: Entertainment/Theater/       
                              Sports Event/Go to Bar

Visit Public Place: Historical Site/Museum/Park/
                              Library

Other Social/Recreational

Family Personal Business/Obligations

Use of Professional Services: Attorney/Accountant

Attend Funeral/Wedding

Use Personal Services: Grooming Haircut/Nails

Pet Care: Walk the Dog/Vet Visits

Attend Meeting: PTA/Home Owners 
                          Association/Local Government

Transport Someone

Pick Up Someone

Take and Wait

Drop Someone Off

Meals

Social Events

Get/Eat Meal

Coffee/Ice Cream/Snacks

Other

To Work

Work-Related

Return to Work

School

Religious

Medical/Dental

Shopping

Other Family and Personal

Social Recreation

Eat Meal

Serve Passenger

Return Home
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Scholars of  equity issues have developed their own lists of  places to which people should have 
access.  Miller (2003) discusses the UK’s Index of  Multiple Deprivation.  One dimension is 
called “Geographic Access to Services” and describes the need for people to reach post offices, 
food shops, basic medical care, and primary schools.  Another section of  the Index discusses 
the need for people to reach employment opportunities.

Researchers at the Victoria Transport Policy Institute refer to both inclusion and exclusion when 
discussing transportation equity (Litman 2004).  When discussing inclusion, Litman mentions 
education, employment, public services, and social and recreational activities.  Exclusion, on the 
other hand, addresses inability to access emergency services (police, fire, ambulance, etc.), health 
care, basic food and clothing, education and employment (commuting), public services, mail, 
freight distribution, and social and recreational activities.

Another approach to assess what activity destinations are important for people to access is to 
ask the people with limited access where they go, and where they would like to go more often 
if  they were less restricted in their travel modes.  This is the approach taken by Paaswell and 
Recker (1976).  Their research subjects in Buffalo, New York listed the following five priority 
activities: friends who do not live in their neighborhood, clothes shopping, grocery shopping, 
parks, and recreation.  Their expanded list of  activities include convenience shopping, medi-
cal facilities, friends in the neighborhood, banks, religious places, group social activities, school, 
children’s activities, bars, and ice cream and coffee shops.  

Table 2-6  Destination Needs as Suggested in Past Studies

Destination Analysis Studies

Employment

School

Groceries

Medical

Religious Facilities

Social and Recreation Activities

Public Services (e.g., banks, post office)

UK Index of Multiple Deprivation (Miller 2003)

Post Office

Food Shop

Medical

Primary School

Employment

Victoria Transport Policy Institute (Litman 2004)

Education

Employment

School

Park

Groceries

Mail and Freight

Post Office

Medical

Emergency Services

Paaswell and Recker (1976)

Friends In and Out of the Neighborhood

Clothes Shopping

Groceries

Parks

Recreation/Group Social Activities

Convenience Shopping

Medical

Bank

Religious

School

Bars, Ice Cream and Coffee Shops
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2.4.2  Differential Needs Among User Groups
As revealed by many activity-based travel analysis efforts, the activity and travel needs may differ 
significantly for people of  different socio-demographic characteristics.  For instance, Schintler 
et al. (2000) point out that women exhibit more trip-chaining behavior than do men, with over 
60% of  American women making stops on their way home from work and 25% making more 
than one stop.  The destinations of  travel also differ, with women tending more often to visit 
schools, daycare centers, and shops, while men are more likely to visit restaurants or bars.  Age 
is also an important factor that leads to different travel patterns.  In studying the departure 
time choice for non-work trips, Steed and Bhat (2000) find that, while older individuals are 
most likely to participate in recreational and shopping activities during the mid-day, employed 
individuals and students are most likely to do so during the latter parts of  the day.  Moreover, 
individuals with very young children (under 5 years) in their households are unlikely to pursue 
recreational activities during the afternoon peak and evening.  In his study that discusses transit 
service quality specifically from the perspective of  older travelers, Burkhardt (2003) used focus 
groups of  older travelers to probe their travel preferences and perceptions concerning transit 
services.  The study revealed that seniors value the following features the most: reliable depar-
ture and arrival times, door-to-door service, frequent service, and connection between a wide 
range of  origins and destinations.  Comfortable vehicles and waiting areas were also key factors.
  
The specific needs and demands of  different population groups have significant implications 
on evaluating transit service performance—whether against social equity or other goals.  For 
instance, since women are more likely to combine work and non-work activities into one jour-
ney, their value of  time may differ from that of  men. This difference needs to be reflected in the 
evaluation of  transit service quality.  Similarly, as seniors have less tolerance for wait time than 
other population groups, measures of  transit service frequency should be weighted by demo-
graphic classes.  By reflecting the differential needs of  users, as opposed to treating the popu-
lation as one homogeneous group, transit availability and accessibility measures will be more 
effective in assessing the service quality as perceived by the transit users.

2.5  Conclusions
Many performance indicators and measures have been developed and used in the transit indus-
try in response to a wide range of  planning and operational goals and objectives.  One of  the 
goals that has become increasingly important to the industry is the provision of  equitable and 
“fair” public transportation services.  This is important for certain population groups because 
access to adequate transit may be the difference between holding a job or not, or between get-
ting poorly paid and better paid work.  At the same time, improving the access to areas with 
a high proportion of  transportation disadvantaged groups (such as senior citizens, physically 
challenged individuals, and low income earners) or in areas with specific dwelling types (such 
as high occupancy buildings or public housing) will also help increase the efficiency and the 
sustainability of  the public transport system (Murray et al. 1998).  Administrative agencies and 
transit operators are therefore looking for measures to accurately identify where the disparities 
in service delivery are and to quantify the severity of  the problems so that development projects 
can be prioritized appropriately to maximize investment benefits in a regionally equitable and 
cost-effective manner.  The measurement outcome may also help substantiate the need for con-
tinued public funding for transit services.
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In this chapter, existing performance measures that are relevant to a comprehensive evaluation 
of  service delivery are examined.  In particular, measures that address the aspects of  transit ser-
vice crucial to service delivery are reviewed: availability, comfort, convenience, and accessibility.  
The consideration of  spatial and, to a lesser degree, temporal dimensions of  transit availability 
was found to be common to these studies.  The levels of  comfort, convenience, and spatial con-
nectivity associated with transit service tend to be overlooked.
  
Literature from the areas of  transit planning and activity-based travel analysis to examine the 
different user groups of  transit is also synthesized here.  In doing so, it was found that the 
definitions of  the transit-dependent, transit-inclined, and choice-riders are not always clear and 
sometimes overlap.  It is also apparent that, depending on socio-demographic status, individuals 
have different activity and travel needs and therefore different levels of  transit dependency and 
preference.  Of  course, one’s sociodemographic status evolves over time and so do the transit 
needs of  the community as a whole.  It is therefore important for the transit service delivery to 
be evaluated in relation to the level and distribution of  potential need for the service. 
    
The overall recommendation for the future development of  transit service delivery measures 
is to emphasize the ease with which people are able to participate in activities they would like 
to pursue using transit service.  This puts service evaluation in the context of  demand-supply 
interaction along the spatial, temporal, and other dimensions, such as comfort and convenience, 
at the local and the network level.  Preferably, separate indices should be developed for different 
population subgroups for different trip purposes.  At the same time, there should be a mecha-
nism to consolidate these indices into successively more aggregate measures and ultimately into 
a single generalized measure that represents the overall service level for a fixed route system.
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3.  Formulation of Indices

This chapter describes the development of  a transit accessibility index (TAI) and a transit 
dependence index (TDI). The TAI reflects the level of  transit service supply, whereas the TDI 
indicates the potential level of  transit needs. Together, the TAI and TDI provide a means for 
transit agencies to identify patterns of  disparity in service provision to population groups with 
different levels of  need. They can also help track and monitor changes in transit service delivery 
due to shifts in the population and/or land use distribution.

This chapter of  the user’s guide contains the following sections:

Section 3.1 introduces the reader to the concepts discussed in this chapter.  

Section 3.2 discusses the various considerations involved in the development of  the TAI.  

Section 3.3 describes the development of  the TAI.  

Section 3.4 presents the considerations and the development of  the TDI.  

Section 3.5 concludes the chapter with a discussion on further development of  the TAI 
and the TDI.   

3.1  Introduction
Public agencies and transit operators are looking for methodologies to accurately identify transit 
service delivery problems in terms of  ridership and service equity and to quantify the severity 
of  the problems so that appropriate actions can be taken.  To date, many performance measures 
have been developed and used in a variety of  ways, reflecting differing perspectives and re-
sponding to differing transit problems.   For a variety of  reasons—particularly federal reporting 
requirements and the relative ease of  obtaining data—many transit agencies have focused on 
measures that reflect their point of  view and their concerns with transit system efficiency (that 
is, how well a transit system utilizes available labor and capital resources).  However, critical 
aspects of  performance that are important to the transit customers and the community at large 
have often been overlooked.  The social welfare role of  transit and the need to improve public 
transportation customer service as a means to increase transit ridership call for customer-oriented 
performance measures to evaluate transit service.
    
This chapter of  the user’s guide describes the development of  customer-oriented measures of  
the transit level of  service for fixed-route systems.  The measures presented here will ultimately 
be packaged into a GIS-based software program for use by TxDOT and other transportation 
agencies to design transit systems that provide equitable and accessible transit services.  Two 
types of  measures are presented here: transit accessibility indices (TAI) and the transit depen-
dence index (TDI).  The objectives for developing the TAI are to: 

4

4

4

4

4
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identify areas with relatively low accessibility to provide a basis to develop or expand 
service;

evaluate estimated impacts of  projects;

evaluate estimated impacts of  land use changes; and

provide information for designing policies to target specific aspects of  transit service.

The objective for developing the TDI is to identify areas with relatively higher transit needs (i.e. 
more transit dependent users) than other areas.  The TDI will help transit agencies to correlate 
the level of  service supply with the demand level of  the public to ensure that the system reaches 
the users who need the service the most.    

3.2  Considerations for the Transit Accessibility Indices 
This section discusses the various considerations through which the proposed TAI were devel-
oped.  These considerations have been drawn from the development of  the Urban Accessibility 
Index (Bhat et al. 2002) and the review of  existing transit service delivery measures presented in 
the preceding chapter.  The considerations include:

the mathematical structure of  the measure;

the behavioral dimensions and service characteristics to be incorporated in the measure; 
and

the ability to aggregate the measure across various dimensions

3.2.1  Mathematical Structure of the TAI 
Four types of  accessibility indices have emerged from past research on the subject (Bhat et 
al 2000).  These include spatial separation measures, cumulative opportunity measures, grav-
ity measures, and utility measures.  The nature of  these measures and their applicability in the 
context of  evaluating transit service are described below.

3.2.1.1  Spatial Separation Measures
This is the simplest form of  an accessibility measure and it represents the spatial separation (in 
terms of  distance or travel time) between the origin and the destination.  This form of  measure 
is undesirable for the purpose of  this project because the measure does not account for the 
attraction level (for example, land use intensity) at the destination end, nor does it reflect the 
sensitivity and needs of  users with different characteristics.      

3.2.1.2  Cumulative Opportunity Measures
This measure calculates the accessibility for a given origin as the total number of  attractions (for 
example, the number of  grocery stores) within a pre-specified travel time or distance.  The main 
criticism for this form of  measure is its lack of  behavioral foundation.  Specifically, the uniform 
application of  a travel time threshold would disregard the differential sensitivity to travel time of  
various types of  transit users.

1.

2.

3.

4.

1.
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3.
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3.2.1.3   Gravity Measures
Gravity measures incorporate a separation factor and an attraction factor.  They usually take the 
form of  the sum of  attraction-to-separation ratios across destinations.  The separation factor 
provides a dampening effect that devalues the attractions far from the origin.  Similar to the 
spatial separation and cumulative opportunity measures, the gravity measures also suffer from 
the limitation of  assigning the same accessibility value to all individuals in the same origin zone.

3.2.1.4  Utility Measures
Utility measures represent the utility an individual perceives from travel alternatives.  Specifi-
cally, the accessibility for an individual is generally calculated as the expected maximum (or the 
logsum) utility from a random utility model.  Usually, such measures are derived from a multino-
mial model of  destination choice or a nested logit model of  destination and mode choice.  Since 
utility is generally formulated as a function of  the characteristics of  the individual, as well as the 
characteristics of  the choice alternatives, the utility measures have the capability of  representing 
accessibility at an individual level according to individual preferences and taste differences.  This 
is why the utility measures have been considered the most suitable form for the purpose of  this 
project.  

In the past, the utility approach to measuring accessibility has been criticized for its underlying 
assumption that all individuals consider the same choice set of  alternative destinations.  This is 
especially a problem in the context of  measuring transit accessibility because any single bus, or a 
collection of  buses, usually covers only a portion of  a given study area.  Thus, while an indi-
vidual can potentially drive a car to reach any of  the alternative destinations in the area, only a 
subset of  destinations may be accessed by transit.  For instance, consider an individual residing 
at o, and let a, b, and c be activity centers (see Figure 3.1).  

All of  these activity centers are accessible by car, but only c is serviced by transit.  Thus, only 
when a destination is considered as reachable by transit can the associated utility based on the 
service available for reaching the destination be calculated.  The utility can then in turn be incor-
porated into the final accessibility index.   

The application of  a utility-based approach to measuring transit accessibility therefore involves 
two stages.  In the first stage, the feasibility of  using transit to reach a potential destination is 
considered.  If  it is indeed feasible, the utility associated with traveling to the destination using 
transit is determined.  The discussion presented in the next section (3.2.2) represents the prem-
ise for modeling transit feasibility and utility with respect to a given destination.  The second 
stage of  our utility-based approach is concerned with consolidating the utilities associated with 
all feasible destinations to form a single measure of  transit accessibility.  This consolidation 
process is further discussed in section 3.2.3.     
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Figure 3.1  Relevance of a Destination Depends on Transit Service Coverage

3.2.2  Elements of the Utility Measure for the TAI
In this section, the various elements considered as relevant to the perceived feasibility and utility 
associated with using transit to reach a given destination are discussed.  As depicted in Figure 
3.2, the perceived feasibility and utility depend on both the ease of  reaching boarding and 
destination points, referred to as local accessibility, and the ease of  travel between boarding and 
egress points, referred to as network accessibility.  While local accessibility is related to the place-
ment of  transit stops, network accessibility is mainly concerned with the actual transit operation, 
particularly the alignment of  routes and the scheduling of  service.  Travel to a destination by 
transit is feasible only if  the local and network accessibilities meet an individual’s desired level 
of  service.  Once a destination is regarded as feasible, the utility associated with using the transit 
service to reach the destination is the combined levels of  local and network accessibilities. 

Below, the elements of  transit service that constitute the local and network accessibility are 
discussed.

3.2.2.1  Local Accessibility
The level of  local accessibility can be characterized along spatial, temporal and other dimensions 
as follows (see Figure 3.2).

3.2.2.1.1  Spatial
If  transit service is not provided within the proximity of  where an individual lives and wants to 
go, then, as far as the individual is concerned, transit service does not exist.Thus, spatial proxim-
ity is one of  the elements, and probably the most important one, that determines local acces-
sibility.  The definition of  proximity should be dependent on the individual.  For example, a 
distance of  a quarter-mile may be considered walkable, and thus accessible, by a young adult but 
perhaps not by a senior adult.  Proximity should also be defined based on the available access 
mode, that is, whether the individual walks, bicycles, drives, or gets a ride from home to a given 


































































