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PREFACE

This research was conducted by the Office of System and Economic Assessment at the Volpe
National Transportation Systems Center, Research and Special Programs Administration, U.S.
Department of Transportation. This study was sponsored by the Federal Transit
Administration’s (FTA) Office of Mobility Innovation under its Advanced Public Transportation
Systems (APTS) Program. As part of the U.S. DOT’s initiative in Intelligent Transportation
Systems (ITS), the APTS program focuses on the development, deployment and evaluation of
advanced technologies to improve the safety, reliability, efficiency, and cost of public
transportation services.

This study builds upon prior work, performed by the Volpe Center and other agencies, for the
Federal Transit Administration under the APTS Program. Available studies and surveys of
APTS technology applications were reviewed to identify the major deployments and benefits
derived. Based on these reviews, this study quantified major benefits derived from current
applications of APTS technologies and projected APTS benefits to a national level based on
forecasts and reasonable assumptions on the future applications of APTS technologies.

The author would like to thank Mr. Walt Kulyk, Director of the FTA’s Office of Mobility
Innovation, and Messrs. Ronald Boenau, W. Raymond Keng, and Brian Cronin of the same
organization for their guidance, direction, and valuable comments in the preparation of this
report.
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Executive Summary

Background

The Federal Transit Administration (FTA) created the Advanced Public Transportation Systems
(APTS) Program, as part of the U. S. Department of Transportation’s initiative in Intelligent
Transportation Systems (ITS), to foster the development and implementation of advanced
technologies in the transit industry. Through the APTS Program, the Federal Transit
Administration is making substantial investments in the deployment and evaluation of advanced
technologies to improve the safety, reliability, efficiency, and cost of public transportation
services.

The FTA’'s APTS Program involves the application and integration of existing and emerging
technologies in the following major functional areas:

Fleet Management Systems (FMS) involve the integration of fleet based
communication, automatic passenger counting, vehicle monitoring/location, and
vehicle control technologies to improve the overall planning, scheduling, and
operations of transit systems.

Operational Software and Computer Aided Dispatching Systems (OS/CAD) are
automated systems designed to improve the effectiveness of transit scheduling,
dispatching, service planning and operations. When linked with automated vehicle
monitoring and control systems, transit operational software and computer-aided
dispatch systems provide real-time dispatching of vehicle fleets, faster responses to
service disruptions, and improved coordination of transit services.

Advanced Traveler Information Systems (ATIS) include a broad range of advanced
computer and communication technologies designed to provide transit riders pre-trip
and real-time information to make better informed decisions regarding their mode of
travel, planned routes, and travel times. ATIS systems include in-vehicle
annunciators and displays, terminal or wayside based information centers, telephone
information systems, and systems that provide information via cable TV, interactive
TV, and the internet.

Electronic Fare Payment Systems (EFP) are advanced fare collection and fare
media technologies, designed to make fare payment more convenient for transit
users and fare collection more efficient and more flexible for the transit provider.
These systems include fare media, ranging from magnetic strip to smart cards, and
their associated fare collection and processing systems.

Intelligent Vehicle Initiative (IVI) involves the development, evaluation and
deployment of advanced vehicle technologies, vehicle collision warning, and driver
information systems to improve the safety and efficiency of transit operations.



Study Objectives

This report documents the results of an analysis conducted by the Volpe Center, for the Federal
Transit Administration, to provide an ‘order-of-magnitude’ estimate of the expected benefits to
the transit industry with the application of Advanced Public Transportation System technologies
in the United States. Specifically, the following objectives were established for this study:

Identify and quantify the major benefits derived from current applications of APTS
technologies within the transit industry.

Project current APTS benefits to a national level based on forecasts and reasonable
assumptions on the potential future applications of such technologies within the
transit industry.

Study Scope and Approach

The study addressed five major APTS program areas, shown in Table ES-1, with applications in
the fixed-route bus, demand responsive transit, and rail transit systems.

Table ES-1. APTS Program Applications Considered

Demand

Fixed- Responsive | commuter
APTS Program Area Route Bus Transit Rail Heavy Rail | Light Rail
Fleet Management Systems (FMS) v v v v v
Operational Software/Computer Aided
Dispatching Systems (OS/CAD) v v v v v
Advanced Traveler Information
Systems (ATIS) v v v v v
Electronic Fare Payment Systems (EFP) 4 4 v v v
Transit Intelligent Vehicle Initiative (IVI1) v

This study built upon prior work, performed by the Volpe Center and other agencies, for the
Federal Transit Administration under the APTS Program. Available studies and surveys of
APTS technology applications were reviewed to identify the major deployments and benefits
derived. Using the cited benefit areas, estimating relationships were developed to quantify
APTS benefits based on available transit data. For this analysis, the most recent data on transit
system characteristics, reported under the FTA’s 1997 National Transit Database (NTDB)
program, were used. APTS benefits were projected to a national level based on a projection of
future transit deployments® of APTS technologies.

A ten-year period (2000-2009) was chosen as the timeframe of the analysis, with current and
projected APTS applications being characterized as falling within one of the three following
timeframes:

! The term ‘deployment’ used throughout this report refers to the application of an APTS system technology by a transit agency for
a specific mode of operation (fixed-route bus, demand responsive transit, heavy rail, etc.). A transit agency, that has an
application of a fleet management system for its fixed-route bus and demand responsive transit operations, is considered as
having two APTS fleet management system deployments.



Operational APTS Systems - representing currently deployed APTS technologies
within the transit industry. The benefits of these deployments are accrued over the
entire ten years of the analysis period.

APTS Systems Under Implementation - representing APTS applications that are
expected to be deployed in the transit industry over the next two to three years. The
benefits of these applications are accrued over a seven year period (2003-2009).

Planned APTS Systems - representing those APTS applications that are expected to
be deployed over the next four to five years. The benefits of these deployments are
accrued over a five year period (2005-2009) under the analysis.

The study projected a range of estimated program benefits (minimum, most likely, and
maximum), based on assumed probability distributions of key model input variables. These
estimates were developed because of the nature and uncertainties in the reported benefits from
current APTS applications within the transit industry. All benefits are calculated in current year
(2000) constant dollars and discounted to present-value year 2000 dollars using the OMB
recommended discount rate of 7%. Analysis results are presented as year 2000 constant and
discounted, present-value dollars.

Summary of Results

Over the past five years, there has been a significant increase in the number of deployments of
APTS system technologies within the transit industry (see Figure ES-1). Since 1996, the
number of deployments of APTS technologies have increased by over 70%, with the largest
increases seen in the deployments of fleet management systems, electronic fare payment
systems, and advanced traveler information systems.

APTS Deployments

300

250 _ ’7 W 1996 11999 Number of APTS Deployments
200 %
I_ 1996 1999 increase
150 FMS 105 228 117%
100 r OS/CAD 194 255 31%
ATIS 99 180 82%
50 EFP 72 142 97%
VI 0 0 0%
0 Total 470 805 71%

FMS OS/CAD ATIS EFP VI

Figure ES-1. Growth in APTS Deployments

Today, APTS technologies are deployed (or are being planned for deployment) within 192 fixed-
route bus systems, 153 demand responsive transit systems, 11 heavy rail, 12 light rail, and 13
commuter rail systems. Transit IVI technologies are currently being researched and initial in-
vehicle collision warning systems are being developed, tested and evaluated. An initial
deployment of a Transit 1VI side collision warning system is planned to be evaluated on a fleet
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of 100 buses at the Port Authority of Allegheny County (PAT) Transit Authority (Pittsburgh, PA)
by FY2001. Transit IVI rear impact and frontal collision warning systems will be developed,
tested and evaluated, respectively, at the Ann Arbor Transportation Authority (AATA) in Ann
Arbor, Ml and the San Mateo County Transit District (SamTrans) in San Carlos, CA. This
analysis assumed that APTS VI technologies would be deployed on fixed-route bus systems
under a phased program beginning in Year 2003.

Because of the availability of transit characteristic data, reported under the 1997 National
Transit Database (NTDB), this analysis considered a total of 683 deployments of APTS
technologies for this analysis. Presented in Table ES-2 is a summary count of deployments
considered, by APTS technology area and deployment status.

Table ES-2. APTS Technology Deployments Considered in the Analysis

Under
APTS Program Area Operational | mplementation Planned Total
Fleet Management Systems 66 31 94 191
Operational Software/Computer Aided
Dispatching Systems 126 25 72 223
Advanced Traveler Information Systems 84 24 43 151
Electronic Fare Payment Systems 43 7 68 118
Transit Intelligent Vehicle Initiative Planned deployment on fixed route bus systems
beginning in Year 2003
Total 319 | 87 | 277 | 683

Table ES-3 summarizes the major program benefits that have been identified for each of the

APTS system technologies.

Table ES-3. Summary of APTS Program Benefits

Fleet Management Systems

Increased transit safety and security

Improved operating efficiency

Improved transit service and schedule adherence
Improved transit information

Operational Software and
Computer Aided Dispatching
Systems

Increased efficiency in transit operations

Improved transit service and customer convenience
Increased compliance with transit Americans with
Disabilities Act (ADA) requirements

Electronic Fare Payment Systems

Improved security of transit revenues
Increased customer convenience

Expanded base for transit revenue

Reduced fare collection and processing costs
Expanded and more flexible fare structures

Advanced Traveler Information
Systems

Increased transit ridership and revenues

Improved transit service and visibility within the community
Increased customer convenience

Enhanced compliance with Americans with Disabilities Act

Transit Intelligent Vehicle Initiative

Increased safety of transit passengers
Reduced costs of transit vehicle maintenance and repairs
Enhanced compliance with Americans with Disabilities Act
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This analysis found that the projected benefits for all APTS technology deployments, that are
currently operational, under implementation, or planned for deployment over the next ten years,
would range from as low as $3.9 billion to as high as $9.6 billion, in discounted, present value
dollars. The most likely estimate of the total APTS Program benefits (over the ten year period
2000-2009) is $6.7 billion, in discounted, present value dollars. Figure ES-2 presents the
minimum, most likely and maximum estimates of total program benefits for each of the APTS
technology areas.

APTS Program Benefits (Billions, Present Value Dollars)

$4.0
$35 | B Minimum -
O Most Likely

$3.0 | @ Maximum
$2.5 —
$2.0
$1.5 ) ]
$1.0
$0.0

FMS OS/CAD ATIS EFP VI

Figure ES-2. Total APTS Program Benefits

For the study’s most likely estimate, the deployments of APTS electronic fare payment systems
represent nearly 35% of the total projected benefits, while deployments of APTS advanced
traveler information systems account for 25% of the total projected benefits. APTS fleet
management systems and the planned deployment of APTS IVI technologies represent 18%
and 12%, respectively, of the total projected APTS Program benefits. The deployment of APTS
operational software and computer-aided transit dispatching systems represent the remaining
10% of the projected APTS Program benefits.

Table ES-4 summarizes the total projected minimum, most likely, and maximum program
benefits of each APTS technology for the ten year period 2000-2009. These benefits are
presented in millions of discounted, present value dollars. The table also identifies, for each of
the APTS technology areas, the distribution of total program benefits that are accrued from
program deployments that are currently operational, under implementation or planned for
implementation.
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Table ES-4.

APTS Total Program Benefits

Minimum Estimate

Discounted Present Value Dollars (Millions)

Operational Implementation Planned Total
Fleet Management Systems $557.2 $153.9 $99.7 $810.8
OS / CAD Systems $360.5 $52.8 $88.9 $502.3
Advanced Traveler Information Systems $634.7 $163.7 $72.5 $870.8
Electronic Fare Payment Systems $1,123.1 $4.0 $91.6 $1,218.7
Transit Intelligent Vehicle Initiative $498.0 $498.0
Total $2,675.6 $374.3 $850.7 $3,900.6

Most Likely Estimate Discounted Present Value Dollars (Millions)
Operational Implementation Planned Total
Fleet Management Systems $821.5 $226.1 $146.9 $1,194.5
0OS / CAD Systems $478.1 $71.9 $125.4 $675.5
Advanced Traveler Information Systems $1,223.0 $317.7 $141.8 $1,682.5
Electronic Fare Payment Systems $2,150.3 $7.7 $178.2 $2,336.1
Transit Intelligent Vehicle Initiative $819.6 $819.6
Total $4,672.9 $623.4 $1,411.9 $6,708.2

Maximum Estimate Discounted Present Value Dollars (Millions)
Operational Implementation Planned Total
Fleet Management Systems $1,089.5 $301.9 $200.5 $1,591.9
OS / CAD Systems $594.3 $92.8 $166.3 $853.3
Advanced Traveler Information Systems $1,813.0 $469.2 $210.0 $2,492.2
Electronic Fare Payment Systems $3,182.0 $11.5 $271.4 $3,464.9
Transit Intelligent Vehicle Initiative $1,225.6 $1,225.6
Total $6,678.8 $875.4 $2073.8 $9,628.0
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AATA
ADA
APC
APTS
ATC
ATIS
AVI
AVL
AVM
BART
BRT
CAD
CASM
CPSFIP
CTA
DGPS
DOT
DRT
DPW
DVI
EFP
FARS
FCWS
FHWA
FTA
GBRPS
GES
GIS
GPS
ICAS
ITS

VI
JPO
KCATA
LACMTA
MARTA
MBTA
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Section 1

Introduction

The Federal Transit Administration (FTA) created the Advanced Public Transportation Systems
(APTS) Program, as part of the U. S. Department of Transportation’s initiative in Intelligent
Transportation Systems (ITS), to foster the development and implementation of advanced
technologies in the transit industry. Through the APTS Program, the Federal Transit
Administration is making substantial investments in the deployment and evaluation of advanced
technologies to improve the safety, reliability, efficiency, and cost of public transportation
services.

The FTA’'s APTS Program involves the application and integration of existing and emerging
technologies in the areas of communications, navigation, information processing, and control
systems to improve the effectiveness of transit operations. The APTS Program is structured
along the following major functional areas:

Fleet Management Systems (FMS) involve the integration of fleet based
communication, automatic passenger counting, vehicle monitoring/location, and
vehicle control technologies to improve the overall planning, scheduling, and
operations of transit systems.

Operational Software and Computer Aided Dispatching Systems (OS/CAD) are
automated systems designed to improve the effectiveness of transit scheduling,
dispatching, service planning and operations. When linked with automated vehicle
monitoring and control systems, transit operational software and computer-aided
dispatch systems provide real-time dispatching of vehicle fleets, faster responses to
service disruptions, and improved coordination of transit services.

Advanced Traveler Information Systems (ATIS) include a broad range of advanced
computer and communication technologies designed to provide transit riders pre-trip
and real-time information to make better informed decisions regarding their mode of
travel, planned routes, and travel times. ATIS systems include in-vehicle
annunciators and displays, terminal or wayside based information centers, telephone
information systems, and systems that provide information via cable TV, interactive
TV, and the internet.

Electronic Fare Payment Systems (EFP) are advanced fare collection and fare
media technologies, designed to make fare payment more convenient for transit
users and fare collection more efficient and more flexible for the transit provider.
These systems include fare media, ranging from magnetic strip to smart cards, and
their associated fare collection and processing systems.

Intelligent Vehicle Initiative (IVI) involves the development, evaluation and
deployment of advanced vehicle technologies, vehicle collision warning, and driver
information systems to improve the safety and efficiency of transit operations.






Section 2

Study Objective

This report documents the results of an analysis conducted by the Volpe Center, for the Federal
Transit Administration, to provide an ‘order-of-magnitude’ estimate of the expected benefits to
the transit industry with the application of Advanced Public Transportation System technologies.
Specifically, the following objectives were established for this study:

Identify and quantify the major benefits derived from current applications of APTS
technologies within the transit industry.

Project current APTS benefits to a national level based on forecasts and reasonable
assumptions on the potential future applications of such technologies within the
transit industry.

Section 3

Analysis Approach, Data, and Assumptions

The study addressed five major APTS program areas, shown in Table 3-1, with applications in
the fixed-route bus, demand responsive transit, and rail transit operations.

Table 3-1. APTS Program Applications Considered

Demand
APTS Program Area leeguRSOUte Re‘?Pa%l?;ve Con&r;”uter Heavy Rail | Light Rail
Transit Fleet Management Systems 4 v v v v
Operational Software/Computer Aided e v v v v
Dispatching Systems
Advanced Traveler Information Systems v v v v v
Electronic Fare Payment Systems 4 4 v v v
Transit Intelligent Vehicle Initiative v

This study built upon prior work, performed by the Volpe Center and other agencies, for the
Federal Transit Administration under the APTS Program. The overall study framework, depicted
in Figure 3-1, consisted of the following steps:

Available studies and surveys of APTS technology applications were reviewed to
identify the major deployments and benefits derived.

In those areas where benefits were identified, cited benefits were correlated to the
type and class of APTS application.



Using the cited benefit areas, estimating relationships were developed to quantify
APTS benefits based on available transit data. For this analysis, the most recent
data on transit system characteristics, reported under the FTA’s 1997 National
Transit Database (NTDB) program [Ref.1], was used.

APTS benefits were projected to a national level based on a projection of future
transit deployments of APTS technologies.

Because of the nature of the reported benefits from current applications and the
uncertainty in the quantification of these benefits, a range of estimates (minimum,
most likely, and maximum) was established on the projected level of benefits. This
analysis utilized a simulation process, termed @ Risk™, along with a Microsoft-Excel
spreadsheet model to compute the projected level of benefits based on probability
distributions on key model input variables. Appendix A presents a brief description of
the simulation process used in this analysis, along with a description of the
probability distributions used on each of eight key model input variables.

Identify APTS Applications and Benefits
« Volpe APTS SOA Reports/Surveys
¢ ITS-JPO/TRB Reports

« ITS America Reports APTS Benefits ($)
. Determine Current and Projected
Cited APTS APTS Benefits
Benefits « Develop benefit estimating r
) _> relationships for APTS technologies.
Transit - Determine benefits for current APTS
Characteristics ’ deployments
« Project benefits for future APTS i }
deployments
FMS OS/CAD ATIS EFP VI
Transit System Data (1997 NTDB) B Minimum DI Most Likely B Maximum

¢ Transit financial data

« Operating characteristics
« Transit service supplied

« Transit service consumed

Figure 3-1. Analysis Framework

The study was structured to address the current and projected deployments of APTS
technologies, based on recent surveys and analyses [Refs. 2, 3, 4, 5] conducted by the Volpe
Center. A ten-year period (2000-2009) was chosen as the overall timeframe of the analysis,
with current and projected APTS applications being characterized as falling within one of the
three following timeframes (as shown in Figure 3-2):

Operational APTS Systems - representing currently deployed APTS technologies
within the transit industry. The benefits are accrued over the entire ten years of the
analysis period.

APTS Systems Under Implementation - representing APTS applications that are
expected to be deployed in the transit industry over the next two to three years. The
benefits of these applications are accrued over a seven year period (2003-2009).



Planned APTS Systems - representing those APTS applications that are expected to
be deployed over the next four to five years. The benefits are accrued over a five
year period (2005-2009) under the analysis.

APTS Program Bengefits ($)

|| m@Planned

O Implementation

m Operational

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Figure 3-2. Analysis Timeframe

The study considered the deployment of APTS technologies over all transit systems? reporting
under the FTA’s 1997 National Transit Database (NTDB) system. Table 3-2 presents the total
count of transit agencies (by transit mode) and the total size of the vehicle fleet along with the
number of transit systems (and their respective modal fleet sizes) that have some form of APTS
technology deployment. As shown, the deployment of APTS technologies within the transit
industry is widespread and significant representing 40%-80% of the number of transit agencies
and 60%-95% of the transit modal vehicle fleet.

Table 3-2. APTS Technology Deployments within the Transit Industry

All Transit Systems Transit Systems with % of Transit System Totals
in 1997 NTDB APTS Deployments that hav