NATioNAL CooPeRATIVE HIGHWAY RESEARCH PROCRAWN

NCHR Report 401

Guidamee from
Transportation Data

Transporiation Ressardh Board
Nationa) Ressardh Counl




TRANSPORTATION RESEARCH BOARD EXECUTIVE COMMITTEE 1997

OFFICERS

Chair: David N. Wormley, Dean of Engineering, Pennsylvania State University

Vice Chair: Sharon D. Banks, General Manager, AC Transit
Executive Director: Robert E. Skinner, Jr., Transportation Research Board

MEMBERS

BRIAN J. L. BERRY, Lioyd Viel Berkner Regental Professor & Chair, Bruton Center for Development Studies, University of Texas at Dallas
LILLIAN C. BORRONE, Director, Port Cominerce Department, The Port Authority of New York and New Jersey (Past Chair, 1995)

DAVID G. BURWELL, President, Rails-to-Trails Conservancy
E. DEAN CARLSON, Secretary, Kansas Department of Transportation

JAMES N. DENN, Conunissioner, Minnesota Department of Transportation
JOHN W. FISHER, Director, ATLSS Engineering Research Center, Lehigh University

DENNIS J. FITZGERALD, Executive Director, Capital District Transportation Authority, Albany, NY
DAVID R. GOODE, Chair, President and CEO, Norfolk Southern Corporation, Norfolk, VA

DELON HAMPTON, Chair and CEQ, Delon Hampton & Associates, Washington, DC
LESTER A. HOEL, Hamilton Professor, Civil Engincering, University of Virginia

JAMES L. LAMMIE, Director, Parsons Brinckerhoff, Inc., New York, NY

BRADLEY L. MALLORY, Secretary of Transportation, Pennsylvania Department of Transportation

ROBERT E. MARTINEZ, Secretary of Transportation, Commonwealth of Virginia

JEFFREY J. McCAIG, President and CEO, Trimac Corporation, Calgary, Alberta, Canada

MARSHALL W. MOORE, Director, North Dakota Department of Transportation

CRAIG E. PHILIP, President, Ingram Barge Co., Nashville, TN
ANDREA RINIKER, Deputy Executive Director, Port of Seattle

JOHN M. SAMUELS, VP-Operating Assets, Consolidated Rail Corp. (CONRAIL)
WAYNE SHACKELFORD, Commissioner. Georgia Department of Transportation
LES STERMAN, Executive Director, East-West Gateway Coordinating Council
JOSEPH M. SUSSMAN, JR East Professor, Civil and Environmental Engineering, MIT

JAMES W. van LOBEN SELS, Director, CALTRANS (Past Chair, 1996)

MARTIN WACHS, Director, University of California Transportation Center, University of California at Berkeley

DAVID L. WINSTEAD, Secretary, Maryland Department of Transportation

MIKE ACOTT, President, National Asphalt Pavement Association (ex officio)

ROY A. ALLEN, Vice President, Research and Test Departiment, Association of American Railroads (ex officio)

JOE N. BALLARD, Chief of Engineers and Commander, U.S. Army Corps of Engineers

ANDREW H. CARD, JR., President and CEOQ, American Automobile Manufacturers Association (ex officio)

KELLEY S. COYNER, Acting Research and Special Programs Administrator, U.S. Department of Transportation (ex officio)
THOMAS J. DONOQHUE, President and CEO, American Trucking Associations (ex officio)

MORTIMER L. DOWNEY, Deputy Secretary, Office of the Secretary, U.S. Department of Transportation

THOMAS H. DOWNS, Chairman and President, National Railroad Passenger Corporation

FRANCIS B. FRANCOIS, Executive Director, American Association of State Highway and Transportation Officials (ex officio)
DAVID GARDINER, Assistant Administrator, Environmental Protection Agency (ex officio)

JANE F. GARVEY, Federal Aviation Administrator, U.S. Department of Transportation {ex officio)

JOHN E. GRAYKOWSKI, Acting Maritime Administrator, U.S. Department of Transportation (ex officio)

GLORIA J. JEFF, Acting Administrator, Federal Highway Administration

T. R. LAKSHMANAN, Bureau of Transportation Statistics Director, U.S. Department of Transportation (ex officio}
GORDON J. LINTON, Federal Transit Administrator, U.S. Department of Transportation (ex officio)
RICARDO MARTINEZ, National Highway Traffic Safety Administrator, U.S. Department of Transportation (ex officio}

WILLIAM W. MILLAR, President, American Public Transit Association

JOLENE M. MOLITORIS, Federal Railroad Administrator, U.S. Department of Transportation (ex officio)

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Transportation Research Board Executive Committee Subcommittee for NCHRP

DAVID N. WORMLEY, Pennsylvania State University (Chair)

FRANCIS B. FRANCOIS, American Association of State Highway and
Transportation Officials

LESTER A. HOEL, University of Virginia

Project Panel B8-32(5) Field of Transportation Planning Area of Forecasting

RONALD TWEEDIE, New York State DOT (Chair)

PHIL FULTON, U.S. DOT, Bureau of Transportation Statistics
KENNETH DUEKER, Portland State University, OR

ED J. CHRISTOPHER, Chicago Area Transportation Study
CHARLES PURVIS, Metro Transportation Commission, Oakland, CA

Program Staff

ROBERT J. REILLY, Director, Cooperative Research Programs
CRAWFORD F. JENCKS, Manager, NCHRP

DAVID B. BEAL, Senior Program Officer

LLOYD R. CROWTHER, Senior Program Officer

B. RAY DERR, Senior Program Olfficer

AMIR N. HANNA, Senior Program Officer

EDWARD T. HARRIGAN, Senior Program Officer

GLORIA 1. JEFF, Federal Highway Administration
ROBERT E. SKINNER, JR., Transportation Research Board
JAMES W. van LOBEN SELS, Cualifornia Department of Transportation

KENNETH S. MILLER, MA Bureau of Transp. Planning and Development,
Boston, MA

RANDALL WADE, Wisconsin DOT

MARTIN WEISS, FHWA Liaison Representative

ALICE WATLAND, TRB Liaison Representative

RONALD D. McCREADY, Senior Program Officer
KENNETH S. OPIELA, Senior Program Officer
EILEEN P. DELANEY, Managing Editor

KAMI CABRAL, Production Editor

HELEN CHIN, Assistant Editor

HILARY FREER, Assistant Editor



N

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Report 401

Guidance Manual for Managing
Transportation Planning Data

JACK FAUCETT ASSOCIATES
Bethesda, MD
with
COMSIS Corporation
and
Mid-Ohio Regional Planning Commission

Subject Areas

Planning and Administration

Energy and Environment

Highway and Facility Design

Highway Operations, Capacity and Traffic Control
Public Transit

Freight Transportation

Research Sponsored by the American Association of State
Highway and Transportation Officials in Cooperation with the
Federal Highway Administration

TRANSPORTATION RESEARCH BOARD
NATIONAL RESEARCH COUNCIL

NATIONAL ACADEMY PRESS
Washington, D.C. 1997



NATIONAL COOPERATIVE HIGHWAY RESEARCH
PROGRAM

Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway
administrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments
individually or in cooperation with their state universities and
others. However, the accelerating growth of highway transportation
develops increasingly complex problems of wide interest to
highway authorities. These problems are best studied through a
coordinated program of cooperative research.

In recognition of these needs, the highway administrators of the
American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program is
supported on a continuing basis by funds from participating
member states of the Association and it receives the full cooperation
and support of the Federal Highway Administration, United States
Department of Transportation.

The Transportation Research Board of the National Research
Council was requested by the Association to administer the research
program because of the Board’s recognized objectivity and
understanding of modern research practices. The Board is uniquely
suited for this purpose as it maintains an extensive committee
structure from which authorities on any highway transportation
subject may be drawn; it possesses avenues of communications and
cooperation with federal, state and local governmental agencies,
universities, and industry; its relationship to the National Research
Council is an insurance of objectivity; it maintains a full-time
research correlation staff of specialists in highway transportation
matters to bring the findings of research directly to those who are in
a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are proposed
to the National Research Council and the Board by the American
Association of State Highway and Transportation Officials.
Research projects to fulfill these needs are defined by the Board, and
qualified research agencies are selected from those that have
submitted proposals. Administration and surveillance of research
contracts are the responsibilities of the National Research Council
and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative. Highway Research Program can make significant
contributions to the solution of highway transportation problems of
mutual concern to many responsible groups. The program,
however, is intended to complement rather than to substitute for or
duplicate other highway research programs.

Note: The Transportation Research Board, the National Research Council,
the Federal Highway Administration, the American Association of State
Highway and Transportation Officials, and the individual states participating in
the National Cooperative Highway Research Program do not endorse products
or manufacturers. Trade or manufacturers’ names appear herein solely
because they are considered essential to the object of this report.
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FOREWORD

. By Staff
Transportation Research
Board

This guidance manual contains procedures for identifying, collecting, organizing,
and using data for transportation planning purposes. Specific discussions are included
on strategic assessments of data needs, a framework for organizing data, cost effective-
ness of data, and the integration and consistency of data. The guidance contained herein
will be of interest to planners in state departments of transportation (DOTs) and metro-
politan planning organizations (MPOs). Two additional project reports are available on
the Internet’s World Wide Web: the agency’s (1) Final Report and (2) Compendium of
Data Collection Practices and Sources.

Interest in planning and decision-making processes prompted by the Intermodal
Surface Transportation Efficiency Act of 1991 (ISTEA) and the Clean Air Act Amend-
ments of 1990 (CAAA) resulted in new and expanded data requirements for passenger
and freight multimodal transportation planning activities of state DOTs and MPOs. As
multimodal planning methods evolve and are applied, the availability of data must keep
pace.

Under Project 8-32(5), “Multimodal Transportation Planning Data,” Jack Faucett
Associates, Inc., conducted research that resulted in guidance on (1) strategic assess-
ments of data requirements to support statewide and metropolitan multimodal trans-
portation planning; (2) the availability of current data from primary (i.e., collected
directly by the user) and secondary (i.e., collected by others) data sources; (3) analyti-
cal techniques and the data required; (4) economic assessments of transportation data
programs; and (5) the integration of data within and among jurisdictions.

Of special interest to state DOTs and MPOs should be the discussions on strategic
assessments and the framework. The discussions on strategic assessments highlight the
need for incorporating this activity into the planning process to ensure that the right data
and most cost-effective data are used. The suggested framework for transportation data—
analzyed around four main components: system supply, performance, demand, and
impacts—can be used individually or nationally to help organize, coordinate, and stan-
dardize data within and among agencies.

The project was successfully completed and is documented in three separate
reports: the guidance manual published herein; the agency’s Final Report document-
ing and supporting the research effort; and a supplemental agency report titled, Com-
pendium of Data Collection Practices and Sources. The latter two reports are available
through the NCHRP homepage (www2.nas.edu/trbcrp) on the Internet’s World Wide
Web as NCHRP Web Documents 3 and 4, respectively. Individuals checking the home-
page should look at the write-up on Project 8-32(5) or the listing of NCHRP Web
Documents.
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CHAPTER 1
INTRODUCTION AND SUMMARY -

INTRODUCTION

New planning and decision-making processes prompted
by the Intermodal Surface Transportation Efficiency Act of
1991 (ISTEA) and the Clean Air Act Amendments of 1990
(CAAA) have resulted in new and expanded data require-
ments for passenger and freight multimodal transportation
planning activities of state departments of transportation
(DOTs) and metropolitan planning organizations (MPOs).
As new multimodal planning methods are being developed
and applied and as social, economic, and environmental
issues are addressed, the availability of data must keep pace.

There is little guidance to assist data users in strategically
assessing their own data collection programs in light of the
new planning requirements. Much ongoing and currently
planned research is designed to address data needs regarding
specific aspects of the new requirements. However, there is
no one convenient and comprehensive source of information
about data needs, sources, and collection techniques for
strategic assessments.

This manual sets forth the needs for data on the basis of
the mission of each transportation planning agency; how to
establish priorities in meeting these needs; and how to col-
lect, organize and make data available. The manual addresses
data needs at the state DOT and MPO planning agencies.
Federal and nationwide data needs have been addressed in
“Data for Decisions: Requirements for National Transporta-
tion Policy Making,” Special Report 234, Transportation
Research Board (1992).

Each planning agency (federal, state and MPO level)
deals with the current status of the transportation system now
in place, how it performs, changes that are now developing
and forecasts of the future system attributes that will be
needed. The system attributes needed will depend on the
future transportation needs of the users of the system, and the
ability and willingness of the users to pay for achievable per-
formance.

Thus, data are needed on transportatlon attributes by mode
and intermodal connections:

Network and services,

Demand,

Performance, and

External impacts on communities and the environment.

Emerging and forecasted changes in social and economic
organizations and in transportation technology will affect the
data needed. Data-collection methods and procedures for
organizing and disseminating data will also be affected by
new information technology. Therefore, systems and proce-
dures for data collection, organization, and dissemination
must be flexible and adaptable to cost-effective develop-
ments. Thus, it is logical to deal with the “building blocks,”
or modules, of data needs separately because inherent details
are subject to change.

These modules are as follows:

MODULE 1. Strategic assessment of data needs,
MODULE 2. Frameworks for organizing data,
MODULE 3. Cost/effectiveness of data collected, and
MODULE 4. Issues of data integration and consistency.

This manual is organized by these modules. A summary
description of each module is given below, followed by a
suggested data program implemented at the state level.

MODULE DEVELOPMENT

Strategic Assessment of Data Needs

Strategic planning in each planning organizatibn must be
concerned with the internal operations and the external inter-
face relationships with which the local agencies must cope.
The emphasis is on the consolidation of data needs on the
basis of the mission of the specific planning agency and the
necessity to reduce overlap in data detail. However, the deci-
sion on the detail with which the internal data is organized by
the planning agencies is left to each agency. We have simply
recommended an organization that can save resources. Any
decisions on implementation and the time schedule remain
flexible in the operations affecting data internal to planning
agencies.

Frameworks for Organizing Data

The external concerns of the planning agencies are the ele-
ments of strategic planning that require interchange of data
and information. This requires cooperation among the plan-



ning agencies in defining and standardizing the data
exchanged. This activity facilitates data exchange and
enhances the efficiency of the cooperative planning
processes. Therefore, it is essential that a standardized data
system be established to include any data of interagency
concern. The system outlined classifies data into four com-
ponents: supply, demand, performance, and impact. Data
elements and data items under each component are illus-
trated. Planning agencies should understand that this system
or some other standardized system should be agreed upon
and only the appropriate data cells implemented.

Cost/Effectiveness of Data Collected

Transportation planners often are faced with frustrating
yet critical requirements for more and better information.
Such decisions require accurate information that often is
unavailable and costly to collect. Making the best planning
decision requires the best information. Planners must be able
to trade off the quality of their information with resources
required to collect and verify it. This section organizes trans-
portation planning needs into the four principal components:
supply, demand, performance, and impacts; provides discus-
sion of their relative importance; and offers a method for
applying a cost-effectiveness analysis to data-collection
activities. Because demand data reflect the attributes of users
of the transportation system—an external environment faced
by the system designers and internal operators—this repre-
sents a large amount of information for sharing among trans-
portation planners. Hence, the analytical procedure is illus-
trated by an application to collections of demand data. The
proposed procedure would allow planners to apply their data-
collection resources in those areas that would provide the
greatest payoff in the transportation planning process.

Issues of Data Integration and Consistency

Data-integration issues and data-collection technology are

discussed and illustrated. Integration issues apply to both-

internal administrative data primarily under the control of the
planning organization as well as the data interchanged
among planning organizations. Interchange is concerned
largely with collection of demand data and system attributes,
especially technology advances. Principles of information
storage and dissemination of internal data within the plan-
ning organizations are discussed and are determined by dis-
parate planning organizations.

PROPOSED DATA PROGRAM

To successfully meet the objectives of this study, the
researchers have suggested a data program that embodies a
coordinated, organized, consistent, and integrated approach
to assessing data needs, developing data organization frame-

works, collecting data, and disseminating data among all data
users. (See Figure 1.)

Data Task Force—The development of a data task force
is needed to ensure coordination across all transportation
planning groups within a state. Given the state’s role in
resource allocation and its place in the hierarchy of geo-
graphic coverage, the development of the data task force
should be led by the state DOT. Other members of the data
task force should include representatives from state DOT
functional offices (e.g., operations), MPOs, other transporta-
tion data-user groups such as air quality planning agencies,
and other public and private stakeholders. The mission of this
task force can be articulated as follows:

To ensure coordination and collaboration in the assess-
ment of data needs and in the organization, collection, and
dissemination of data across all user groups within the state.

Each of the elements of this mission (i.e., needs, organiza-
tion, collection, and dissemination) comprises one of the
other components of the proposed data program and reflects
an objective of this research.

Data Needs Assessment—The data needs component
involves the application of a strategic planning platform to
assess data needs associated with multimodal planning. The
so-called Business Model is recommended to strategically

Data Needs

Business Model
Assessment

System Attributes

e

Primary Sources

Figure 1. Suggested data program.



assess data needs of planning agencies. One objective of the
data task force is to urge each planning agency within a state
to implement the Business Model in defining overall data
needs including internal data under its control. A compelling
objective is to coordinate and standardize data to be
exchanged among the planning agencies.

Data Organization—Once data needs have been assessed,
the organization of data must be considered. Given the large
quantity of data necessary for the development, evaluation,
and implementation of transportation strategies that support
planning objectives, the manner in which data are grouped
impacts the efficiency and stability of the planning process.
To ensure stability and efficiency in the planning process, we
recommend that transportation data be organized along the
four major attributes of the transportation system (i.e., supply,
demand, performance, and impacts).

Data-Collection Priorities—This component of the pro-
posed data program delineates primary and secondary data-

collection activities that should be undertaken by planning
agencies Lo support planning functions. A primary objective
of the data task force will be to assign data-collection respon-
sibilities across planning agencies on the basis of priority
needs, economies of collection, geographic scope, resources,
and data uses. Data-collection activities should be organized
for the most efficient collection of data on the basis of prior-
ity of data needs.

Data Dissemination-—Data dissemination addresses the
need for data integration and the use of available technolo-
gies for data storage and sharing. This component involves
the identification, evaluation, and implementation of data-
integration strategies—such as GIS—to relate transporta-
tion supply, demand, performance, and impact data in the
context of multimodal planning models. An important
objective of the data task force will be to implement the
most cost-effective, data-integration system that optimizes
the storage, maintenance, and retrieval process across user
groups.




CHAPTER 2

STRATEGIC ASSESSMENT OF DATA NEEDS |

BUSINESS MODEL

The Business Model framework for assessing data needs
and understanding data organizational structures is applica-
ble regardless of data-collection and storage techniques or
computer automation platforms. Using strategic manage-
ment planning tools, application of the Business Model
involves six steps, as shown in Figure 2.

DESCRIPTION OF BUSINESS MODEL STEPS
Step 1
Identifying the Organization’s Mission

This step can be achieved by obtaining documentation
existing within the organization. Such documentation might
include a state DOT’s or MPO’s transportation plan. This
documentation can be further expanded by issuing a ques-
tionnaire executed to all management participants within
the organization. Questions might include those related to
the mission and purpose of the organization, mission and
purpose of the area of responsibility, concerns and issues,
organizational policies, objectives and strategies, and pro-
gram priorities. Questionnaires are useful in identifying
people or groups that traditionally have been omitted from
the strategic planning process, in obtaining various per-
spectives usually constrained by management hierarchies,
and in perpetuating vertical participation within the organi-
zation with respect to the identification of information and
data needs.

Steps 2, 3,and 4

Defining Goals and Objectives, Developing
Strategies to Meet Goals and Objectives, and
Mapping Strategies to Specific Functions

These steps can be achieved using goal analysis, which
involves the following tasks.

First, quantifiable goals and objectives (that have a mea-
surable attribute, a target level, and a time frame) are identi-
fied from the mission statements of the organization. Goals
represent long-term targets for achievement, while objec-

tives are more short term in nature. For example, one MPO
goal may be to improve air quality. An objective associated
with this goal would be to reduce carbon monoxide-type
(CO) pollutants. ‘

Second, issues that impede the achievement of the goal or
objective are identified. For example, issues that impede the
attainment of lower CO emissions include too much conges-
tion, high vehicle miles traveled (VMT) growth rates, and
climate encumbrances.

Third, strategies that will effectively allow the organiza-
tion to overcome the issue-related impediments are devel-
oped. Whereas goals and objectives describe what an orga-
nization wants to achieve, strategies and tactics describe how
to achieve them. For example, one strategy for reaching CO

. attainment is the construction of high occupancy vehicle

(HOV) lanes.

Fourth, strategies are mapped into organizational func-
tions to define functional responsibility for strategy imple-
mentation and evaluation. In the above example, the strategy
of constructing HOV lanes to enhance CO attainment may be
the responsibility of the highway engineering division of the
state DOT, while the evaluation of the strategy’s effective-
ness may be conducted by the MPO. At this point in the Busi-
ness Model process, it is possible to assess, via a strategy-
function matrix, which organizational needs are not being
met and where any overlap in responsibility might exist.

Finally, internal and external strengths, weaknesses,
opportunities, and threats that may impede or facilitate the
implementation of chosen strategies are assessed. For exam-
ple, although the addition of HOV lanes may appear to be the
best strategy for reducing CO emissions, exogenous imped-
iments may exist to the construction of these lanes.

Step 5

Assessing Information Needs for Strategy
Evaluation and Implementation

This step of the Business Model begins with the redefini-
tion of an organization’s strategic focus. There are three
major tasks associated with this redefinition process: an
internal appraisal, an external appraisal, and the evaluation
of strategic alternatives.



DEFINE MISSION

DEFINE GOALS AND OBJECTIVES

PLANNING
PROCESS

DEVELOP STRATEGIES TO MEET
GOALS AND OBJECTIVES

MAP STRATEGIES TO FUNCTIONS

ASSESS INFORMATION NEEDS

DATA
MODEL

DEFINE DATA AND DEVELOP
PROCESSES

CHCONONONONC

Figure 2. Six-step Business Model.

Internal appraisals constitute assessments via performance
indicators of how well the organization is meeting its goals
and objectives. For example, a performance indicator depict-
ing the success of an MPO’s travel demand modeling group
may measure the accuracy of current forecasting techniques
in predicting commuter travel patterns. Such appraisals facil-
itate the implementation of internal policies that increase the
efficiency of functional operations.

External appraisals involve an assessment of economic,
political, social, technological, competitive, and geographic
factors that affect the effectiveness or implementation of a
given strategy; a stakeholder analysis to identify issues that
affect the success of the strategy; and a technology assess-
ment to identify the most cost-effective technologies for
evaluating and implementing alternative strategies.

Once all strategies have been identified, and the strengths,
weaknesses, opportunities, and threats of those strategies
have been evaluated, it is necessary to evaluate the sum of
strategic alternatives. This involves strategic gap analysis to
define the strategic agenda. For government organizations, it
is essential to determine what strategies are feasible to
employ (as defined during the internal appraisal), but may be
difficult to implement based on exogenous factors (as deter-
mined during the external appraisal). If a designated strategy
has a low probability of implementation due to exogenous
circumstances, additional strategies must be defined. If mul-
tiple strategies are defined or required, it is necessary to make

5

an assessment of alternatives to establish pribrity of imple-
mentation. Once the gap analysis is concluded, strategies can
be selected relative to all alternatives. One method for select-
ing among alternatives is the development of a strategic alter-
native evaluation matrix where each alternative is assessed in
terms of feasibility, advantages, disadvantages, threat expo-
sure, and probability of achievement.

The final step of a strategic evaluation of alternative poli-
cies or programs involves the development of strategic state-
ments, which help to identify the information required to
meet objectives or evaluate and implement strategies. Deter-
mining what types of information are required dictates the
data that are needed to meet those objectives.

The strategic statement documents exactly what needs to
be done, when it needs to be done, how it should be done, why
it is being done, and how much it will cost. Note that all infor-
mation requirements necessary for the implementation and
evaluation of the chosen strategy also will be contained in the
strategic statement.

Step 6
Define Data and Develop Processes

The final step of the Business Model addresses the types
of analyses and analytic tools necessary for strategy devel-
opment, evaluation, and implementation. For example, many
types of congestion management analysis activities must be
undertaken by MPOs. These include, but are not limited to,
the following: identify existing and future congestion on
points along the system; identify congestion problems and
causes; evaluate strategies to solve congestion problems
occurring within a region, corridor, or subarea; predict sys-
tem performance given a set of strategies; and evaluate strat-
egy effectiveness. The types of analytic tools available to
practitioners to evaluate and implement various congestion
management strategies include travel demand models, traffic
simulation models, and analytic techniques for measuring the
effectiveness of transportation control measures (TCMs).

Summary

In this study, the application of the Business Model iden-
tified information and data types necessary for multimod-
al transportation planning that can be grouped into a data-
organization framework. This framework was expanded to
identify specific data sets that support the development, eval-
vation, and implementation of most transportation strategies
and planning objectives. The resulting data-organization
framework is described next. The recommended framework
is hierarchical and designed to ensure flexibility in its imple-
mentation, thereby accommodating specific needs of differ-
ent planning organizations.




CHAPTER 3

EVALUATION OF FRAMEWORKS FOR ORGANIZING DATA

DATA NEEDS

In this study, data needs for transportation planning have
been grouped into four principal components: supply,
demand, performance, and impacts.

¢ Supply data include information on the physical net-
works and services provided by commercial modes and
their associated costs. :

¢ Demand data include information on needs for moving
people and goods over specified distances and routes
and the associated costs of these movements.

¢ Performance data include measures of how well supply
is fulfilling transport demands at affordable cost and
with achievable efficiency.

¢ System impacts measure the external effects of the trans-
portation system on the physical and social environment.

Data organization is fundamental to the successful perfor-
mance of transportation planning. As discussed in Chapter 2,
given the large quantity of data necessary for the develop-
ment, evaluation, and implementation of transportation
strategies that support planning objectives, the manner in
which data are grouped affects the efficiency and stability of
the planning process.

e Stability is affected because the time and cost of col-
lecting data, as well as the need for systematic and reli-
able monitoring over time, work against constant mod-
ification of databases.

o Efficiency is affected because practitioners rely on
timely access to information in the development of
plans and projects.

Stability and efficiency needs suggest that transportation
data may be best structured not by planning issues, which

tend to vary spatially and temporally, but by the major attrib-
utes of the transportation system, which remain relatively
constant and facilitate the data-retrieval process. The sug-
gested hierarchy for the data-organization framework is
described below.

Major Data Components—Multimodal transportation
planning can be defined by the supply and demand attributes
of the transportation system. Together, the supply and
demand components provide information on the quantity of
travel by mode along the various facilities of the transporta-
tion system. Furthermore, the interaction of supply and
demand at any given moment in time defines system perfor-
mance, and externalities associated with travel define the
resuiting impacts of this interaction. As a result, the four
major attributes of the transportation system are supply,
demand, performance, and impacts, each of which is either
directly or indirectly addressed by ISTEA and the 1990
CAAA. Therefore, to ensure stability and efficiency in the
planning process, transportation data should be organized
along these broad data components (see Figure 3).

HIERARCHICAL CLASSIFICATION SYSTEM

The hierarchy in the data classification system includes
data components, data elements, data sets, and data items in
progressive detail. This hierarchy is illustrated by the detail
for highway supply (data component), highway supply
attributes (data elements), and detail on highway attributes
(data sets). Detail on specific items that constitute the data
sets are not shown but are generally the very detailed build-
ing blocks from which usable relationships are calculated
from the data items (e.g., performance by HOV lane). This
hierarchy is illustrated in Figure 4, which reproduces the
beginning of the classification system in the Appendix.
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Figure 3. Data-organization framework.

Illustrated Hierarchy in Data Classification System
(F) - Denotes freight data

Data Components

Supply Attributes (S)
Demand Attributes (D)
System Performance (P)
System Impacts (I)

Supply Attributes (S ,

(data element) S.H.1 Systems Data
(data sets) S.H.1.1 Mileage and lanes (total lane miles and number of lanes, lane
miles of HOV, intercity highway miles)

S.H.1.2  Capacity (including highway link capacities)

S.H.1.3. Functional road class

S.H.1.4 Nodes and segments (GIS or highway route)

S.H.1.5 Land use data for system expansion

S.H.1.6 (F) Intraurban truck routes (by route number)

S.H.1.7  Other '

Figure 4. Illustrated hierarchy in data classification system.



(data element) S.H.2

Service Data

(data sets) S.H.2.1
S.H.2.2

S.H23
S.H.2.4
S.H.2.5
S.H.2.6
S.H.2.7

(data element) S.H.3

Access (connections to other modes, highways, and roadways)
(F) Interurban access (GIS or highway route numbers; principal
routes for trucks entering and exiting urban areas carrying
interurban freight)

Intermodal access (rail, water, air, by highway route mile)

Data on service providers

Fare or fee structure data (tolls, parking)

(F) Drayage services

Other

Facilities Data

(data sets) S.H.3.1

S.H.3.2
S.H3.3
S.H.3.4
(data element) S.H.4
(data sets) S.H.A4.1
S.H4.2
S.H.4.3
S.H.4.4

(data element) - S.H.S

Inventory of facilities (bus terminal and stops, rest areas, park and
ride lots, truck terminals, intermodal facilities, cargo transfer
equipment, etc.) »

Land use data for use in planning for route modifications,
terminal and warehouse locations

(F) Delivery and Pickup (On-street, off-street parking by principal
intraurban routes). '

Other

Condition Data

Pavement data by highway route (pavement serviceability rating,
long-term pavement performance counts)

Any data pertinent to condition of routes, bridges, ramps, etc. that
affect the efficiency of interurban truck access to the urban area
or truck pick-up and delivery activities

Age of various road classes

Other

Project Data

(data sets) -~  S.H.5.1
S.H.5.2

S.H.5.3
S.H.5.4

S.H.5.5
S.H.5.6
S.H.5.7
S.H.5.8

List of all state projects proposed for the next 3 years (minimum)
-including funding data

List of all metropolitan (MPO) projects proposed for the next 3
years (minimum) - including funding data ,
Major investment data (planned supply augmentation projects)
Project history data (past capacity expansion and maintenance,
project information such as project dates, type of construction,
rehabilitation, etc.)

“Project evaluation data

Planned expansions and modifications
Project maintenance data
Other

Figure 4. Illustrated hierarchy in data classification system (continued).




CHAPTER 4

ECONOMIC ANALYSIS OF TRANSPORTATION DATA COLLECTIONS

The economics of data collections involves an efficient
allocation of scarce resources in meeting competing and
complementary needs of data for transportation planning.
Issues involve assessing the marginal costs of specific data
elements and data sets against their marginal contribution to
understanding and modeling the behavior of suppliers and
users of the transportation system.

Today we have too much data and too little analysis
related to its usefulness and cost-effectiveness in supplying
the information needed for transportation planning. It is eas-
ier (but perhaps more expensive) to collect lots of data with
the intent that it can be used somehow than it is to analyze
carefully the salient needs and to design efficient ways to col-
lect data to fill specific needs. This approach requires assess-
ing total needs rather than compartmental needs since there
can be large economies in combining data requirements in
data-collection activities. ‘

Moreover, much of the available data are not tailored to
specific needs and are often redundant. Having too much data
not well organized and not directly useful makes it more dif-
ficult to identify the useful data and it wastes resources that
could be allocated to improving more directly usable data.
Hence, we need to develop more limited data sets that are
more cost-effective in meeting the salient needs for trans-
portation planning. Guidebooks and manuals would be more
useful if they identified cost-effective, data-collection
approaches after an analytical evaluation rather than pre-
senting a smorgasbord of unevaluated data sources.

Historically, most of the transportation planning was done
in terms of the separate modes: rail, water, air, pipelines, and
highway. The need for more coordination in planning across
modes has gradually become apparent and is now recognized

formally in terms of intermodal planning. The awareness of -

the benefits of higher living standards resulting from eco-
nomic efficiency in transport has partly led to deregulation
that permits greater competition among suppliers in some
modes but requires more cooperation in multimodal plan-
ning. Multimodal planning has been applied more to inter-
modal passenger travel than to intermodal freight. Because
the nation’s bill for transport of freight is estimated at over
$400 billion (compared with over $700 billion for passenger
travel), there is a large potential payoff in improvement in
freight transportation efficiency. (Of course, the cost of time
by passengers is not included—difficult to estimate; further-

more, the loss in productivity due to inefficiencies in inter-
modal freight transport is also not included.) Data for ana-
lyzing this potential, and what transportation improvements
financed by the public sector can be effective, are a priority.
This analysis can also point out changes in public regulation
of private carriers that will result in more cooperation among
private carriers and healthy competition.

Very few studies have tried to quantify the benefit/costs of
selected transportation strategies for either passenger or
freight movements. A seminal report, directed by Dr. Dud-
ley G. Anderson at the Stanford Research Institute and pub-
lished by AASHTO in 1977, is one example of such a study
that exhibited a very laborious and painstaking effort at quan-
tifying benefit/cost.' A less detailed study by Todd Litman of
the Victoria Transport Policy Institute measured benefits and
costs associated with public transit.?

Of course the importance of such studies is associated with
economic policy objectives. Thus, the planner places value
on data sets that are most efficient in the analysis needed for
the objectives decided upon. This suggests that planners may
wish to set their sights on data needs for analyses beyond the
immediate problems that require their attention. They may be
best equipped to educate the decision makers on the value of
dealing with more fundamental logistics problems.

In any event, planners can best identify data sets that are
most useful in analyzing the specific problems confronting
them. Of course there is a tradeoff in the value of the best data
and their collection costs relative to other data sets. These
data sets have alternative values in analyses of supply,
demand, performance, and impacts. The values and cost
tradeoffs differ across MPOs because of differences in the
scenarios and data-collection costs associated with immedi-
ate problems to be analyzed.

The following procedure is recommended to assess rela-
tive benefit/cost options:

1. Appoint a small data committee (not more than 2-3 per-
sons). The committee will identify data sets currently
used in short-term and long-term planning functions, as

' AASHTO, A Manual on User Benefit Analysis of Highway and Bus Transit Improve-
ments, American Association of State Highway and Transportation Officials, Wash-
ington, D.C. (1977).

? Todd Litman, “Defining and Quantifying Public Transit Benefits,” Victoria Trans-
port Policy Institute, Victoria, B.C. (April 15, 1996).
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well as data not now available but deemed essential, by
planning function or purpose (e.g., congestion manage-
ment in specific corridors, evaluation of potential effec-
tiveness of projects in the transportation improvement
program (TIP), longer term forecasting of network load-
ings by corridor, etc.). The committee will ask top plan-
ners to assign values to planning purposes based on a
scale of 0 to 10, 10 representing the highest priority.

2. Ask the planners/users of the data sets to assign a value
to each data set for each planning purpose on a scale of
0 to 10. These assignments would be made based on
the explanatory power of the data set in the models
used by the planners/users, or by their judgment as
appropriate.

3. Multiply the values assigned for each data set under
each planning purpose by the value assigned for the
planning purpose under which it is needed.

4. Develop a unique list of data sets identified for any
and all planning purposes along with the values
assigned under each planning purpose as calculated in
Step 3 above. Add the values assigned to each data set
under each planning function to derive an overall value
for each data set. Review these final values with the
top planners and adjust the values if appropriate by
judgment.

These four steps will provide a rough value ranking for
each data set. At this point, the efficiency of the alternative
collection systems that might be used to collect the data
should be evaluated in conjunction with time priorities for
the data sets. This could lead to resource savings as well as
provide a measure of cost-effectiveness of collecting the data
sets. The suggested steps for calculating these cost-effective
measures in view of time priorities are described in the fol-
lowing steps.

5. Strategic Evaluation of Collection Methods. There are
a number of tradeoffs that must be evaluated when cal-
culating the most cost-effective ways to collect data.
There are economies of scale savings to be realized if
all of the data assigned relatively high values can be
afforded within the budget for data collection and asso-
ciated data processing. As a general rule of thumb, the
greater the number of data sets that can be collected
from a single source, the smaller the collection cost per
set. In addition, collecting as many data sets as possi-
ble from one source ensures the integrity of relation-
ships calculated from the data (e.g., autos owned by
income group). These advantages favor collecting data
at the source that generates the transportation activity
(i.e., households and shipper and trucking firms).

On the other hand, time priorities and budget con-
straints may dictate other collection methods. For
example, an immediate problem of congestion in a
given corridor may require priority attention. Or, bud-

get constraints may only permit collecting data relevant
to specific high-density corridors rather than data on
traffic for the total planning area. In these events, it may
be more cost-effective to collect data targeted only on
these corridors through license plate identification and
mail-out-mail-back surveys, roadside interviews, or
parking lot surveys. Smaller samples targeted to these
corridors would suffice, as contrasted with household
surveys that would require larger samples to pick up
observations relevant to these specific corridors, and
costs would be less.

These tradeoffs impose a need for flexibility in the
data-collection systems and an awareness of the alter-
native costs among the various collection methods.

. Alternative Collection Costs. In order to be in a posi-

tion to minimize costs over, say, a 5-year data-collection

plan, and stay within budget each year, several steps are

necessary: (a) Identify the data priorities by year and

(b) Identify the various collection methods feasible

for collecting the priority data needs as identified

by planning year. Examples include household survey,
employment survey, shipper or trucking firm survey,
roadside or parking lot interviews, license plate identi-
fication, and mail-out-mail-back survey. (c) Cost out
these alternative methods for collecting the data sets
programmed for each year. The costs will vary by sam-
ple size required in each collection method depending
on the size of the area targeted by the data need,
response rates and number of data sets covered by each
collection method. Estimates of costs may be based on
local experience or similar experience in other planning
organizations. The following sources are a few exam-
ples that provide estimates of survey sample sizes
needed and costs. There are many studies by MPOs
dealing with their specific areas, especially on conges-
tion problems; these have been reviewed and refer-
ences are available upon request to the authors of this
report. Also there is an invaluable annotated bibliogra-
phy as part of NCHRP Project 8-32(1), “Innovative

Practices for Multimodal Planning for Freight and Pas-

sengers,” which is available on loan from.the Trans-

portation Research Board. The sources are

—Travel Survey Manual, Cambridge Systematics,
Inc., for the FHWA (draft).

—Short-Term Travel Model Improvements, U.S. DOT
(October 1994).

—Traffic Detection Technologies, FHWA (draft May
1, 1996).

—Samuel W. Lau, Truck Travel Surveys: A Review of
the Literature and State-of-the-Art, Metropolitan
Transportation Commission, Oakland, CA (January
1995).

(d) Finally, select the combination of data-collection

methods that will provide data sets programmed for

collection in each year at the least cost.



7. Review and Reevaluate Priorities. Sum the costs esti-

mated for the 5-year period. Examine the effect on this
total cost of shifting priorities among the years. Shift-
ing the priorities may allow economies of scale—by
collecting a broader scope of data from each source.
For example, if a comprehensive database of travel
throughout the planning area will be needed during the
5 years for long-term forecasting purposes, switching
this activity to the first year may obviate the collection
of fragmented needs over the 5-year planning horizon.
If rearrangement of priorities over the 5-year period
affords significant cost savings, then it becomes a mat-
ter of judgment as to whether switching priorities is
feasible. Technical, administrative, or political consid-
erations may make it infeasible. However, at least the
approximate cost of maintaining the original schedule
will be known and taken into consideration as appro-
priate.
. Calculate Cost-Effectiveness Measures and Reevaluate
Data Priorities. After the final ordering of priorities for
collection of data sets in Step 7 above, costs per data
set can be calculated. This would be done by dividing
the estimated cost of each data-collection system
employed by the number of data sets collected and
assigning the average cost so calculated to each data
set. The cost-effectiveness measure for each data set
would then be calculated as the cost in relation to its
effectiveness or value, as previously assigned back in
Step 4 of the initial analysis, which reflects the value
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assigned by the planner/modelers who are users of the
data. This of course is not a benefit/cost measure but a
simple measure of the relative “bang for the buck”
based on the usefulness of each data set as assessed by
the practitioners. (Note: Since there are fixed costs in
any data-collection system, when more than one data
set is collected from a collection source and some
highly valued items are included, marginal cost should
be used in calculating the costs for the low-valued
items.)

Admittedly, the analysis described may be somewhat
cumbersome and subject to much judgment. However, it is
believed that useful insights will be gained through the dis-
cipline imposed by this exercise:

N

Assigning rough values to data needs.

. Assessing total data needs priorities over a several-year

time period.

Examining the possible cost savings in covering as
many data sets as feasible in each collection effort.
Examining possible cost savings in reordering the time
value of specific data sets.

Eliminating redundant data collections and data sets
with low assessed value.

As is often the case, insights gained through the discipline
imposed by such an exercise are more valuable for decision
making than the specific results of the calculations.
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CHAPTER 5
DATA-INTEGRATION ISSUES

INTRODUCTION

This chapter focuses on the issues and implementation
strategies associated with data integration, consistency, and
sharing. Specifically the objectives include the following
steps:

1. Assess similarities and differences and the needs for
consistent data for multimodal planning;

2. Develop a comprehensive assessment of data-integra-
tion issues to improve data collection and assembly; and

3. Examine data-integration strategies to relate transporta-
tion demand, supply, performance, and impact data.

Included in these analytic objectives is the consideration
of locational referencing systems, scale and resolution dif-
ferences, data sharing and access issues, and tradeoffs
between the use of primary and secondary data. It is also the
purpose of this assessment to be consistent with the Federal
Geographic Data Committee’s National Digital Geospatial
Data Infrastructure Framework.

As has been true for all aspects of this research effort, the
analysis and recommendations regarding integration are not
independent of the preceding analysis relating to data needs
assessment, organization, collection, and economic consider-
ations. Discussions regarding data integration and other issues
should not be the last in the series of issues that follows some
linear format. Knowledge of integration issues and organiza-
tional, as well as state or regional implementation strategies
or guidelines, is necessary feedback as part of all data pro-
gram issues (see Figure 5). Ideally however, the strategies and
recommendations already presented (e.g., Business Model,
organization framework, data task force, economic evalua-
tions) will have established a solid framework for the imple-
mentation of data-integration and cooperation strategies.

The initial focus of this chapter is on the organizational,
rather than the technical (i.e., hardware and software needed
to implement integration strategies) issues associated with
data integration. Without resolution, or at least discussion, of
the institutional impediments to integration, issues such as
data inconsistency, redundancy, and incompatibility will
continue to plague the transportation planning community
and technological advances may only serve to initiate minor
improvements in integration.

The latter part of the chapter includes a discussion of the
use of geographic information systems (GIS) as a tool for
integration and presents some of the recent research in this
field. The analysis concludes with case studies that describe
organizations where integration strategies have been imple-
mented in recent years and which could potentially be useful
points-of-contact for other organizations seeking to do the
same.

NEED FOR DATA INTEGRATION AND
CONSISTENCY

Definition of “Integrate”—to form, coordinate, or blend
into a functioning or unified whole; to unite.

The concepts of integrating data within and between agen-
cies, as well as adopting standards to guide the collection and
storage of data, are by no means novel concepts in the trans-
portation community or any other public or private organi-
zation that encounters data. With a long-standing knowledge
and relative lack of activity regarding integration, the ques-
tion becomes why focus on data integration and, for the pur-
poses of this study, what are the effects of data integration on
data collection and organization?

Without question, the two primary reasons for the imple-
mentation of data-integration strategies are money and time.
If cost and time were of no concern to transportation man-
agers, data needs would be met through primary data collec-
tion to ensure the quality and scope of all data. All required
resources would merely be used to meet the data-collection
requirements. There would be no need for agencies to adapt
similar computing systems or collection strategies because
no sharing of data would be necessary.

Although many agencies and organizations operate in a
manner that would lead one to believe the above scenario
is true, the reality is that there is an ever-increasing constraint
placed on transportation managers to function under con-
ditions of decreasing resources with faster implementation
time and improved results. As expressed in prior chapters,
the implementation of ISTEA and the CAAA have increased
the analytical responsibilities of transportation professionals
and, in-turn, the amount of data that needs to be collected. In
addition, the emphasis on multimodalism has thrust many
agencies together (e.g., transit authority, commuter rail,



Figure 5. Non-linear format of data program.

MPO) that now must share data to a greater extent than was
previously necessary.

This heightened need for multimodal and environmental
data that crosses various organizational boundaries has fur-
ther illuminated the difficulties associated with sharing data
within and between transportation organizations. In order
to effectively share data, there is an immediate need for the
interested parties to be able to access and view each other’s
data, to understand what is being viewed, and to have con-
fidence in its quality. This need has given rise to various
data-integration issues such as data definitions, quality of
sampling and collection techniques, and technology appli-
cations.

ISSUES RELATED TO DATA INTEGRATION

There exists an extensive amount of literature related
to data integration and system integration as they apply to
transportation due to the previously mandated Management
Systems in ISTEA. Many state, local and federal agencies
have spent considerable effort in trying to address data- and
system-integration issues. Though the recent regulatory
streamlining effort has relaxed the schedule of ISTEA man-
agement system design and implementation, there continues
to be a need for uniformity and efficiency in both the collec-
tion and organization of transportation data, particularly as
they relate to intermodal transportation planning.

There are essentially two categories of issues associated
with the integration of data: those issues that inhibit data
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integration and those issues that arise due to nonintegrated
data.
The first category of issues relates to

e Data-integration impediments, which include institu-
tional impediments, functional impediments, and tech-
nology impediments.

The second category of issues includes

e Unreliable analyses resulting from inconsistent or
incomplete data, and inefficiencies in the data-collec-
tion, storage, and retrieval processes. The discussion of
this subsection focuses on identifying data-integration
impediments.

There are multiple problems associated with data integra-
tion. For the purposes of this study, constraints to data inte-
gration can be categorized into three types:

1. Institutional constraints—Multiple organizations
within a single jurisdiction often have overlapping data
needs resulting in data-collection, storage, and dissem-
ination redundancy;

2. Functional constraints—The various hierarchies and
cross-types of transportation organizations require dis-
parate though related data, often at varying levels of
resolution, to support similar modeling and reporting
requirements; and

3. Technological constraints—The various hierarchies
and cross-types of transportation organizations have
different data-storage capabilities, data-dissemination
capabilities, and knowledge bases/training resources.
Additionally, there is a dynamic evolution of technolo-
gies, which makes streamlining the data-acquisition,
-storage, and -retrieval processes very difficult. These
technologies include the following: networking; low-
cost, powerful personal computers; distributed and
cooperative computing; client-server network architec-
tures; computer-based graphics; GIS; computer-aided
design; object-oriented data structuring; and innovative
data-collection technologies.

It is interesting to note the irony involved with the techno-
logical constraints. The very technology that has and will
enable data integration and sharing to be realized has mate-
rialized as a barrier to successful integration. The myriad
technologies and software, as well as the increasing power of
personal computers, allows individual organizations and
departments to operate independent of one another. This can
inhibit integration as each entity becomes accustomed to
individualized software and hardware.

DATA-INTEGRATION STRATEGIES

There are generally three strategies used to integrate data,
each of which addresses, to varying degrees, the three imped-
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iments to an integrated system as discussed above. These
strategies include

1. A centralized approach,
2. A decentralized approach, and
3. A technology-based approach.

In the first two strategies, data integration relies on the
entity that owns and maintains the data. In the centralized
approach, one department or group within an organization

owns or maintains the data and the user accesses a central- -

ized database system. In the decentralized approach, the user
of the data (e.g., the planner) owns, maintains and uses the
data. In the third approach, the strategy relies on technology
and the entire data collection, maintenance, storage, and user
responsibilities are distributed.

The Centralized Approach

Traditionally, data-collection and maintenance responsi-
bilities are turned over to a centralized group, such as a man-
agement information system (MIS) department in smaller
organizations, or an entire bureau, such as the Bureau of
Transportation Statistics, in larger organizations. All data are
then accessed via this centralized department.

The Decentralized Approach

The decentralized approach to data collection and storage
has been a bottom-up approach where data were collected
and stored on an application-by-application basis with the
applications largely uncoordinated with each other. This was
the approach taken for data collection and organization
before the use of computers. With the introduction of, and
reliance on, the personal computer, this approach to data stor-
age and retrieval is beginning to once again dictate the decen-
tralization of all data-related activities. From a planning and
analysis perspective, decentralized data management may be
more efficient. However, there can be gross inefficiencies in
both the data-collection and dissemination aspects of tradi-
tional decentralization. There is a need for an alternative
bottom-up approach or an approach that is decentralized but
still workable.

This alternative approach recognizes the requirement for
autonomy by the user but provides mechanized centraliza-
tion. Rather than having an MIS department coordinate data
needs and storage, a centralized referencing system could
serve much the same purpose. For example, an integrated
multimodal information system might include one file with
port berthing information and another file with port channel
depth information, but the relationship between the two files
would be a location reference point.

The Technological Approach

All of the data required by the ISTEA management and
monitoring systems, the Hazardous Waste Act, the Clean Air
Act, and, in fact, nearly all of the data managed by trans-
portation agencies in general are, or can be and should be,
geographically referenced. Therein lies the key to integration.’

To date, the most researched technology for integrating
transportation-related data is the use of Geographic Informa-
tion Systems for Transportation (GIS-T). GIS in its narrow-
est sense refers to specialized software for the management
and analysis of spatial data and their attributes. However,
in most of the GIS-T-related research performed to date,
K. Dueker and D. Kjerne’s* definition of GIS is cited and
expanded upon. Accordingly their definition follows:

GIS is a system of hardware, software, data, people, orga-
nizations, and institutional arrangements for collecting, stor-
ing, analyzing and disseminating information about areas of
the earth.

Thus, the definition includes computing capability and data-
bases; managers and users; and the organizations within
which they function and the institutional relationships that
govern their management and use of information.

GIS also refers to a new paradigm for the organization of
information and the design of information systems. The
essential aspect of this paradigm is use of the concept of loca-
tion as a basis for the restructuring of existing information
systems and the development of new ones. The concept of
location becomes the basis for effecting the long-sought
goals of data and systems integration. Recent research con-
ducted in the area of GIS and GIS-T will be discussed later
in this chapter.

It needs to be stated at this point that GIS is not fundamen-
tally necessary to implement data integration. It is merely
stressed in this section because much of the related literature
and recent management decisions regarding integration have
involved GIS-T (see Case Studies). A large centralized rela-
tional database that has been inputted with standardized data
and has the ability to perform queries that will support trans-
portation planning functions could prove to be an equally suc-
cessful integration tool. GIS has the advantage of being able
to present information and allow data queries at the spatial
level. The quote opening this section also points out the addi-
tional advantage of GIS, which is that almost all transporta-
tion data can be geographically referenced and, therefore, this
spatial component can act as the common identifier in a rela-
tional database. For this reason, GIS is seen as a logical sys-
tem when choosing a data management system.

* Vonderhoe, A.P., Travis, L., Smith, R.L., and Tsai, V., “Adaptation of Geographic
Information Systems for Transportation,” NCHRP Report 359, Transportation
Research Board, Washington, D.C. (1993).

* Dueker, K.J. and Kjerne, D., “Multipurpose Cadastre: Terms and Definitions,”
Annual Convention of ACSM-ASPRS, Proceedings, Volume 5 (1989).



Table 1 Steps to the Strategic Planning Process

1 Initiate and agree upon a strategic planning process.

2 Identify organizational mandates.

3 Clarify organizational mission and values.

4 Assess the organization’s external and internal environments to identify

strengths weaknesses, opportunities, and threats.

Identify the strategic issues facing the organization.

Formulate strategies to manage these issues.

Review and. adopt the strategic plan or plans.

Establish an effective organization vision.

O |0 || |

Develop an effective implementation process.

10 Reassess strategies and the strategic planning process.

IMPLEMENTATION

Arriving at solutions to institutional impediments will usu-
ally prove more difficult than identifying appropriate tech-
nological components.’

The guidance provided by this research effort should allow
individual planning departments to identify and collect the
data necessary to optimally perform their transportation plan-
ning functions in an isolated environment. Although, as
expressed above, the steps which take an organization from
data-needs identification to collection to organization to stor-
age are not necessarily linear and mutually exclusive. The
logical next step will be to address the issues of data sharing
and integration between organizations (e.g., state DOT,
MPO, transit authority, etc.) and within organizations (e.g.,
transportation management, safety, maintenance, etc.).

The focus, however, as stated by the above quotation,
should not immediately turn to the technological issues such
as the type of hardware and software needed to provide
inter/intraorganizational communication and data transfer
capabilities. The functional and institutional constraints have
been shown through organizational analysis, as well as
through conversations and surveys of MPO and state trans-
portation planners, to be, in many cases, the bottlenecks
impeding integration, regardless of the technology.

Many issues and obstacles will prove to be more easily
overcome once integration strategies have been implemented
within and between transportation organizations that address
the institutional and functional issues (described above). Fur-
ther, with technology such as networking, the Internet, soft-
ware integration (i.e., disparate software being able to com-
municate and share data with one another), and GIS

3 Durgin, Paul M., “Issues in Strategic Planning,” Proceedings from the Geographic
Information Systems for Transportation Symposium (GIS-T), Sparks, NV (April
1995).

advancing rapidly, many of the technological problems may
be much less overwhelming in the near future. The institu-
tional and functional infrastructure that will allow for suc-
cessful integration must be in place. Without such infra-
structure, there is little chance of integration regardless of the
capabilities of the technology chosen.

Organizational Strategy

For the reasons cited above, this section will present an
integration strategy that can be applied regardless of the tech-
nology that will ultimately be chosen, if any. The strategic
process is one that can be applied not only to integration
issues, but to most proposed changes contemplated at the
organizational level. The strategy or strategic plan,® as out-
lined by J. Bryson, is very similar to the Business Model
approach outlined in Chapter 2.

The 10 basic steps to the strategic planning process are
shown in Table 1.

Similar to the Business Model approach used for the data
needs assessment, the process is iterative and actions, results,
and evaluations should occur at each stage. In addition, as
eluded to above, the process is technology independent.
Regardless of the eventual technology used to implement the
strategy, this strategic plan can be used as the tool to imple-
ment a desired change. Also similar to the Business Model,
the plan is based on an organization’s goals rather than
processes that are already in place to meet this or other goals
or missions. This allows an organization to at least begin the
process of establishing the institutional and functional frame-
work necessary for successful integration even prior to the
adoption of new technology, if necessary.

¢ Bryson, J.M., Strategic Planning for Public and Nonprofit Organizations, Jossey-
Bass Publishers, San Francisco, CA (1995).



16

Task Force

When applied to a function or network that crosses orga-
nizational boundaries or to a community, the process [strate-
gic planning] probably will need to be sponsored by a com-
mittee or task force of key decision makers, opinion leaders,
‘influentials’, or ‘notables’ representing important stake-
holder groups.”

As was the case with the data needs assessment, the
interorganizational and interdepartmental nature of creat-
ing an integration environment produces a demand for a
commiittee or task force that has both the ability and the
power to make decisions regarding their individual
organizations and the integration of all the organizations
into a system. In statewide or regionwide transportation
planning, problems can arise in establishing a lead role
for custodianship of thematic data, creating joint use
agreements with local and regional transportation groups,
establishing data quality control measures, integrating
GIS data from design firms’ automated databases, and
SO on.

In addition, because of the number of organizations that
need to be involved and the diversity in their sizes and
resources, many state agencies will be reluctant to put in
place regulatory requirements for cooperating with network
integration. For this reason, the integration process will
likely be much more time-consuming and iterative than
strategic planning within a single organization and will have
to rely more on consent than on authority. Such consent
requires interagency cooperation and the role of a task force
would be invaluable.

INTEGRATION/COOPERATION/SHARING

As previously stated, integration is not a novel idea in the
transportation community. Then given the cost-effectiveness
and productivity benefits of sharing data and reducing redun-
dancy and the resulting collecting and processing costs, how
can transportation organizations be motivated to begin
adopting the organizational, functional, and technological
infrastructure and processes that would enable integration to
take place?

Funding—One of the obvious answers to this question
is to use the one resource that all public organizations are
acutely aware of, funding. Linking certain integration
requirements (e.g., standardization of data) to federal or
state funding requirements should have an overwhelming
effect on the participation rate of transportation organiza-
tions.

7 Bryson, p. 42.

Example

The success of linking funding to integration
prerequisites at multiple transportation organi-
zations can be observed in New Mexico’s
statewide adoption of the New Mexico State
Traffic Monitoring Standards (described further
under the Standardization section). State and
federal funding is contingent on the adoption of
these standards by MPOs as well as the state
DOT. The standards have been in place for more
than 9 years and have been extremely successful
at reducing data redundancy, improving quality,
and allowing for easier transfer and sharing of
transportation data.

Competition for Funds®—Competition for available state
and federal funding will become more demanding and
increasingly dependent upon demonstration of performance
in measurable terms. Improvements in data collection, qual-
ity, and analysis stimulated through data-integration pro-
grams can prove to be an effective advantage in improving
the performance of transportation programs.

Cost Effectiveness and Productivity—Although there
has been little, if any, work conducted on the costs and ben-
efits associated with data integration, there is an inherent
belief that developing an environment that promotes data
integration, sharing, and cooperative collection will ulti-
mately reduce or eliminate redundant collection of data,
reduce the time spent maintaining data, improve the quality
of data, and, therefore, the quality and time spent analyzing
data.

Example

An example of the potential improvements
that-can be realized from a sophisticated and
integrated data-collection and storage system
can be found in Michigan’s recently adopted $20
million management system (described further
in Case Studies). Since the adaptation of the sys-
tem, the percentage of time spent maintaining
data has gone from 70 percent to 30 percent,
while the time that can now be spent on analyz-
ing the data has increased from 30 percent to
70 percent.

Accountability—Improvements in the public’s informa-
tion access and ability to actively participate (i.e., review and
make comments regarding public documents) continue to

8 Southern California Association of Governments, Monitoring and Information
Sharing: An Approach and Conceptual Framework (Revised September 1994).



advance nationwide. In coordination with this is the
increased need for cost-effective and efficient transportation.
The result will be increased public pressure to hold the gov-
ernment—state or local—more accountable regarding the
use of public funds and expenditure of other governmental
resources.

Air Quality and Congestion—If regional air quality fails
to improve or degrades, there will be an increase in both pub-
lic and regulatory pressure to improve air quality and reduce
the congestion causing it. If improvements in decision mak-
ing and analysis can be engineered through improvements in
data integration, it could help to avoid some of the unpopu-
lar management tools such as pricing mechanisms and lessen
the public pressure. In addition, improvements in air quality
could lead to a relaxing of regulatory requirements (e.g.,
lower attainment status) and a freeing up of resources for
other management goals.

Implementation by Dominant Data Controllers—In
many states, there are only one or two transportation organi-
zations, usually the state DOT and a large MPO, if any, that
collects and organizes most of the data for the state. The
smaller local and regional organizations play a minor role in
the collection process and may rely heavily on state data and
resources. In such situations, these major players have the
opportunity to shape the data management system into a
coordinated and integrated system merely by changing their
own system. Their influence over the minor organizations
will force them to come on-line with the new system or be
left to find other sources for their information needs.

Systemwide Improvements—There are even reasons for
data integration that are solely self-motivated. Tangential
transportation organizations (e.g., New York State and New
Jersey DOTSs), as well as state and regional organizations, can
benefit from data sharing and cooperation because many of
the congestion and air quality problems flow from one region
to the next. For example, poor congestion management in
Manhattan can cause similar congestion on the in-bound
New Jersey side. Data cooperation between the transporta-
tion organizations involved (e.g., Port Authority, Path, high-
way departments, local planning agencies, etc.) can improve
congestion on both sides and relieve some of the public pres-
sure caused by congestion.

TECHNICAL APPROACH: GIS RESEARCH

Once some of the institutional and functional constraints
have been addressed at each organization and systemwide,
attention should focus on the technological systems that will
be most useful in meeting the integration goals of the trans-
portation community. This subsection describes some of the
recent research conducted in the area of GIS and GIS-T. As
was previously expressed, GIS is not vital to the success of
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an integration system. Rather, GIS is discussed because of its
basis in locational referencing and the logical connection to
the geographic components of transportation data. In addi-
tion, GIS’s ability to display data in a geographic environ-
ment allows for a more comprehensive and understandable
analysis and communication of the transportation data.

National Digital Geospatial Data Framework

The impetus toward GIS has been so pronounced that the
USGS has formed a committee known as the Federal Geo-
graphic Data Committee. It is the mission of this organiza-
tion to develop a framework within which to collect, store,
and disseminate digital geospatial data. Essentially, the fed-
eral government is in the process of developing a large-scale
data-integration framework for spatial data. This framework
is described below.

The framework is a basic, consistent set of digital geospa-
tial data and supporting services that will

e Provide a geospatial foundation to which an organiza-
tion may add detail and attach attribute information,

e Provide a base on which an organization can accurately
register and compile other themes of data, and

e Orient and link the results of an application to the land-
scape.

The framework should be widely used and widely useful:

o Framework data should be data you can trust and should
be certified as complying with standards.
e Framework data should be the best data available.

Along with these high-resolution data, the framework
should contain consistently generalized, lower-resolution
data to support regional and national applications:

o Users must be able to integrate framework data into their
applications while preserving their existing investment.

o Framework data should be accessible at the cost of dis-
semination, free from use criteria or constraints, and
available in nonproprietary forms.

Additionally, framework data must include geodetic con-
trol; digital orthoimagery; elevation data; and transportation
(roads, trails, railroads, waterways, airports, ports, bridges,
and tunnels). Attributes include a permanent feature identi-
fier and name. Where available, linear referencing systems
will be used as the identifier. In addition, roads will have the
attributes of functional class and street address range;
hydrography; governmental units; and cadastral.

This framework would be operated and maintained by a
group of participants who agree to provide digital geospatial
data that meet content, quality, policy, and procedural crite-
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ria including a data producer, area integrator, data distribu-
tor, theme manager, theme expert, and policy coordinator.

Currently, work is underway to develop an implementa-
tion strategy. The implementation will be phased, with the
goal to have an initial implementation of national geospatial
data framework by the year 2000.

GIS-T Research

Within the past 5 years, there has been an increasingly
widespread effort to research the applicability of GIS to
transportation modeling. Some of the basic differences
between the GIS approach to networks and the transportation
modeling approach are depicted in Table 2.

Two of the larger GIS-T-related research efforts are
described below.

NCHRP Project 20-27—NCHRP Project 20-27 was initi-
ated in response to the need to define the basic structure of
GIS-T based on current and anticipated needs and character-
istics of transportation agencies. A number of different
reports were published in conjunction with this project
including NCHRP Report 359, and NCHRP Research
Results Digests 180 and 191 (available from the Transporta-
tion Research Board, Washington, D.C.).

Pooled Fund Study—The DOTs of 39 states and the Dis-
trict of Columbia combined resources under the sponsorship
of the FHWA and the New Mexico State Highway and
Transportation Department to create a Pooled Fund Study.
The title of the study is “Geographic Information System for
Transportation ISTEA Management Systems Server Net
Prototype.” The purpose of the study is to create a systems
architecture and demonstration prototype to address the
requirements of the management systems mandated by the
1991 ISTEA within the context of a GIS environment.

The systems architecture will consist of a set of nonpro-
prietary models of the ISTEA statewide and metropolitan
planning and project selection and supporting activities from
multiple perspectives: data, functional, technological, and
institutional. These models will provide an organizational
and technology-independent perspective of these functional

areas concentrating on providing a consensus-based national
framework suitable for individual adaptation and modifica-
tion. It is intended that these models will be developed using
information engineering principles, methods, and tools and
will be based on the conceptual framework defined by the
NCHRP 20-27 research effort.

There are four phases of this research effort. Phase A has
resulted in the following:

1. An entity relationship data model illustrating an inte-
grated database supporting all six management sys-
tems.

2. An activity model defining the general areas implied
by the scope of the ISTEA systems illustrating an in-
tegrated approach to transportation program devel-
opment.

3. Anintegrated systems architecture illustrating the data
flows between these systems.

4. Evaluation of the Information Engineering methods
used in the analysis.

Phase B of this effort, Demonstration and Design, has
resulted in the following:

1. A database design, including table and column definitions.

2. System pseudo code outlining an integrated approach
to systems development.

3. Evaluation of the software engineering methods used to
develop these functional specifications.

The Phase C objective, Demonstration Development, has
resulted in the following:

1. Integrated databases, integrated computing networks,
integrated software codes, and integrated command
and control systems.

2. Specific examples of ISTEA management systems
implemented in a GIS-T context.

Phase D, Research Results Transfer, is the method that the
Study Team proposes for vendors and consultants to use to
sponsor this study.

TABLE 2 Differences between GIS approach and transportation modeling

approach_

Geographic Information System

Transportation Model

Muilti-purpose
Data-driven
Geographic context .

Chain structures
Spatially indexed
Many fields

Many topologies (point, arc, polygon, network)

Single purpose
Model-driven

Abstract context

Single topology (link-node)
.Link-node structures
Sort-indexed

Few fields

Source: Sutton, J.C. “The Role of Geographic Information Systems in Regional Transportation
Planning.” Presented at the Fifth National Conference on Transportation Planning Methods

Application, Volume 1, Final Report, June 1995.



Benefits of GIS-T and Integration

The most readily apparent benefits of an integrated system
arise from the reduced costs of doing business that result
from enhanced productivity.® The increased productivity is
realized through the reduction or elimination of redundant
data and the associated collection and organization activities,
as well as the updating of multiple databases managed by dif-
ferent units. Other benefits include

o Reduced time/cost of cartographic production and
updates;

e Enhancement of thematic maps (e.g., those used for
traffic counts);

e Quicker response time in creating new traffic analysis

" zones (TAZs) or revising existing ones;

o New capabilities (e.g., linking of land use, transporta-
tion, and air quality data and models); and

e Increased response time to unexpected events (e.g.,
emergency evacuation).

The use of GIS can also lead to intangible benefits, which
are not immediately apparent until after GIS has been imple-
mented. For example, the mapping and visual display of
transportation data (e.g., travel time) can allow transportation
professionals to more easily identify problem areas and loca-
tions where new data are needed and can ultimately lead to
better decision making and better data collection.

Current Limitations of GIS-T"®

The above discussion of GIS-T and its associated benefits
does not mean to imply that GIS is a panacea for all trans-
portation data-collection, -analysis, and -organization prob-
lems. The relative newness of GIS as a transportation tool
understandably results in some limitations that are associated
with the technology and its capabilities.

GIS products provide the means to manage the procedures
that link spatial and attribute data. Many of the user-friendly
GIS software available are designed as “‘canned” applica-
tions, which give users fewer options or macro tools to de-
velop their own applications, whereas high-performing sys-
tems require more training and programming experience.

The following are brief descriptions of common trans-
portation scenarios that may present a GIS system with some
difficulty and may prove to be limitations of the system or
entail additional GIS editing:

1. Network topology problems—A situation such as a
bridge passing over a roadway that does not provide a

Y Vonderohe, A.P., et al., “Adapting Geographic Information Systems for Trans-
portation,” 7R News 171, Transportation Research Board, Washington, D.C. (March-
April 1994) pp. 7-9.

v Sutton, J.C., “The Role of Geographic Information Systems in Regional Trans-
portation Planning,” presented at the Fifth National Conference on Transportation
Planning Methods Application, Volume !, Final Report (June 1995).
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connection to the road below can present a problem if
routing is the primary objective.

2. Network-based route connectivity—Another example
where GIS also has difficulty is the situation where
multiple transit networks (e.g., bus, light rail, special
bus) each operate on the same street with various route
constraints. GIS is unable to operationalize the three
subnetworks which have different levels of connectiv-
ity and topological representation on the base street
map.

3. Schematic network integration with GIS—An example
of these GIS limitations is evident in situations where
HOV lanes are part of the primary highway or freeway.
Representing these lanes as offsets would build inac-
curacy into the GIS network representation. Problems
such as these are enhanced when transit networks are
also intertwined (e.g., light rail in the median) and
present further difficulties for GIS.

4. Transportation routing—GIS routing is performed
node to node rather than at links. If, however, special
situations arise such as U-turn, they must be coded
individually. The frequency of these special situations
can result in an inordinate amount of coding and pro-
hibit GIS routing from being cost-effective.

CASE STUDIES

Standardization

A necessary first step for successful data integration and
sharing involves standardizing the methodologies by which
data are collected and organized.

New Mexico—The New Mexico State Highway and
Transportation Department has been implementing its Traf-
fic Monitoring Standards since October 1, 1988. The impe-
tus for the development of standards was the problems being
caused by multiple definitions for the same data, data being
reported from nonworking counters, and incomplete data
being filled in various ways and with varying amounts of dis-
closure.

The standards are annually reviewed and participation is
open to all New Mexico transportation professionals in both
the public and private sectors. The standards adopted by
AASHTO, ASTM, and the FHWA are used as the default
standards if a monitoring practice is not addressed by the
New Mexico standards. The standards describe acceptable
methods for data collection, such as minimum periods for
data-collection sessions, sample size, and equipment testing
guidelines and operational tolerances.

The key to New Mexico’s success in standardizing traffic
monitoring practices is its link to funding. In order for traffic
monitoring to receive state or federal funding, it must be in
compliance with the New Mexico State Traffic Monitoring
Standards. If, due to a lack of resources, there is no estab-
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lished standard for a particular monitoring practice, the mon-
itoring must be done at least to the same level as practiced by
the New Mexico State Highway and Transportation Depart-
ment.

The adoption of standards also established an excellent
foundation for the rest of the necessary elements for a suc-
cessful data program. For example, the uniform methods
allowed the design and implementation of processing soft-
ware to be more easily achieved. In addition, the standards
provided a common language for characterizing and analyz-
ing statistics in various agency reports.

Data Sharing

Bay Area Partnership''—The Bay Area in California
covers 7,000 sq mi, includes over 100 cities, and has approx-
imately 6 million residents. The transportation system
includes 18,000 mi of roadway and eight primary public
transit systems. The complexity of the system was a major
impetus for the Bay Area Partnership, which consists of the
top managers from 31 agencies responsible for transportation
and environmental quality in the region.

The Data Integration Task Force was formed by the Part-
nership to examine the issues regarding data collected and
used for planning and managing transportation, land use, air
quality, and other environmental issues. The three primary
objectives of the task force included

1. Increase joint use of information and meet multiple
needs for data more efficiently,

2. Identify additional data needs and fill data gaps where
warranted, and

3. Identify opportunities to streamline current data col-
lection and dissemination processes.

In an attempt to meet these objectives, the task force con-
ducted a survey of many of the agencies within the Bay Area
regarding their available data. The result of the survey is a
catalog that includes data available from certain agencies and
issues related to the data sources such as where the data are
reported, the method of collection, and location frequency. In
addition, where applicable, it discusses the use of GIS and
accessing the information through the Internet.

GIS-T Precedent

Not only are large research studies into GIS-T being per-
formed, but actual GIS systems are being implemented
throughout the country. Descriptions of some of these sys-
tems being implemented for transportation planning pur-
poses are provided below.

'" Metropolitan Transportation Commission (MTC), Data Integration Project Cata-
log of the Bay Area Partnership, MTC, Oakland, CA (March 1996).

Michigan DOT—The Michigan Department of Trans-
portation (MDOT) is in the final stages of the development
of the most comprehensive Transportation Management Sys-
tem in the country. The project was begun in 1992, and two
of its main objectives were to (1) eliminate or reduce dupli-
cation and (2) implement GIS. The MDOT has invested
approximately $20 million in this two-tier client server sys-
tem that houses over 600 data tables. The development of
the system was a top-down effort designed by users. The data
are organized around the management systems outlined in
ISTEA and are able to be accessed remotely via modem by
other planning agencies in the state.

The new system has already proven to be effective in
allowing MDOT professionals to make better use of their
time with respect to transportation data maintenance and
analysis. The percentage of time spent maintaining data has
gone from 70 percent to 30 percent, while the time spent ana-
lyzing data has gone from 30 percent to 70 percent.

Similar to the Data Task Force proposed by the researchers
as part of the Data Program, the MDOT uses a data commit-
tee, consisting primarily of state management system experts,
that oversees the cooperation in data collection and decides
which organizations are going to collect what data.

Vermont Agency of Transportation (VAOT)—The
VAOT is currently developing an integrated transportation
information system (ITIS). It is one of the first efforts at an
ITIS in a state DOT context. Their goal is to unify databases
across separate agency divisions to allow common access to
all data and to provide an integrated environment to meet
agency needs.

NCTCOG—North Central Texas Council of Govern-
ments (NCTCOG) has begun using GIS as part of their long-
range transportation planning program for the Dallas-Fort
Worth urban area. GIS software is used for spatial analysis,
data coding, and attribute display in support of their travel
forecasting model. NCTCOG maintains four primary data
sets for input to their travel forecasting model: (1) the
regional highway network, (2) the regional transit network,
(3) zonal attributes, and (4) traffic count data. Prior to imple-
mentation of the GIS, maintenance of these data sets required
many separate computer programs and considerable manual
effort. With the GIS, the data sets can be easily edited and
updated using the GIS graphical interface and the results ver-
ified using a variety of thematic maps.

Wisconsin DOT—Wisconsin DOT has a expert system-
GIS for pavement management. The GIS provides the tools
to develop the spatial database required for input to the
expert system. The expert system codifies the knowledge and
experience of pavement engineers in evaluating pavement
condition and making recommendations for maintenance and
improvements.

Central Artery/Tunnel Project in Boston—Boston used
a GIS as an integral part of the program for automation of



project management, engineering, and construction. In addi-
tion to preliminary highway design files, final highway
design files are produced for the project using a GIS/CADD
system. Other GIS applications include generation of soil
profiles, identification of right-of-way (ROW) needs and
environmental remediation sites, traffic surveillance and
control during construction, and identification and mitigation
of adverse construction impacts on the community.

Newton, Massachusetts—Newton has been forward
thinking in evaluating how to better manage and analyze its
planning and engineering data and is currently developing a
citywide GIS. Newton built applications within a GIS envi-
ronment to include traffic assignment, routing applications
(such as school bus route generation), network location prob-
lems (such as fire station location), and traffic zone reappor-
tionment. In this system, the analytical tools reside as mod-
ules within the GIS as opposed to either transferring data
through ASCII files to the model or interactively using a
common database.

Atlanta, Georgia—The objective in developing a proto-
type GIS-T was to design a system to help the county agency
better manage its transportation program. Application mod-
ules included in the prototype are an integrated accident
record system, traffic engineering, pavement management,
transportation planning and land use, and transit.

Charlotte, North Carolina—A GIS-T was developed
to conduct an analysis of inter-area commuting patterns.
TransCad was the GIS package modified for this analysis.
Traffic was simulated over the network and preliminary
forecasts of traffic were made. Additionally, LANDSAT
imagery is being used to identify and categorize land uses in
alternative corridors for the parkway. The three types of data
included in the system are network description and related
data, population and employment data, and trip data.

FUTURE OF GIS-T AND INTEGRATION

As exemplified by many of the case studies above, there
has been a definite push toward integration and the incorpo-
ration of GIS in the transportation community in recent years.
Because of the speed with which new technology and soft-
ware is developed and brought on-line, the future of trans-
portation information systems is somewhat unknown. Some
of the possible developments are discussed briefly below.

Movement toward an open system—The diverse num-
ber of transportation applications produces a need for tools
that can used in coordination with other information tech-
nologies to leverage their use most productively, which
allow linkages to programs the user desires that may be
external to the specific product. In pursuit of this goal, the
Federal Geographic Data Committee (FGDC) and Spatial
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Data Transfer Standards have encouraged GIS vendors to
develop software by 1997 that will allow spatial data to be
transferred between platforms.

Increased use of object-oriented programs—The
Pooled Fund Study described earlier has completed exten-
sive research on adapting an object-oriented approach to
GIS. Using the defined objects, the project constructs specific
application data models that address transportation prob-
lems. One of the primary benefits of the research is that it is
providing useful object definitions.

Integration of Intelligent Transportation Systems
(ITS) and GIS-T—Although many ITS developers claim
that GIS is inadequate for their needs, areas have been iden-
tified where the combination of the two technologies may
prove beneficial. These include the use of dynamic graphics
for traffic monitoring and using GIS as part of real-time cus-
tomer information systems.'?

CONCLUSIONS

The regulatory and public pressures demanding cost-
effective transportation management to relieve both trans-
portation and environmental problems is rapidly influencing
the evolution of transportation information systems. State
and regional organizations are quickly realizing that, in order
to meet these demands within their diminishing budgets, data
integration, sharing, and cooperation can no longer be
thought of as a distant reality when technology and resources
become available. Steps must be taken today that will initi-
ate the integration process and allow the cost savings and

quality improvements in data and analysis to be realized.

Care must be taken not to immediately affix time and
resources to addressing the technology issue. Although GIS
appears to be where the industry is headed, merely installing
a GIS system will not equate to data integration. The main
constraints to integration will be found through an institu-
tional and functional analysis, both within organizations and
systemwide. The methodology for addressing these issues
can be tackled in much the same way as the data needs
assessment outlined in Chapter 2. The Business Model and
the strategic plan to initiate integration outlined above
follow the same logical path and it may prove more cost-
effective to address and perform both exercises simul-
taneously.

Integration is also similar to the prior discussions on data
needs and organization in that the need for a task force to
handle the coordination of the integration process is not only
necessary but probably vital to the success of the program.
Committees such as the FGDC may handle the standardiza-
tion of GIS at the national level, but committees are needed
to address the institutional and functional constraints at the
state and regional levels as well.

12 Sutton.
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Appendix
Suggested Data-Organization Framework

(F) - Denotes freight data

Data Components

Supply Attributes (S)

Demand Attributes (D)
System Performance (P)
System Impacts (I)

Supply Attributes (S)

S.H. Highway

S.H.1 Systems Data
S.H.1.1 Mileage and lanes (total lane miles and number of lanes, lane miles of HOV, intercity
highway miles)
S.H.1.2 Capacity (including highway link capacmes)
S.H.1.3 Functional road class
S.H.1.4 Nodes and segments (GIS or highway route)
S.H.1.5 Land use data for system expansion
S.H.1.6 (F) Intraurban truck routes (by route number)
S.H.1.7 Other
S.H2 Service Data
S.H.2.1 Access (connections to other modes, highways, and roadways) _
S.H.2.2 (F) Interurban access (GIS or highway route numbers; principal routes for trucks
entering and exiting urban areas carrying interurban freight)
S.H.2.3 Intermodal access (rail, water, air, by highway route mile)
S.H.2.4 Data on service providers
S.H.2.5 Fare or fee structure data (tolls, parking)
S.H.2.6 (F) Drayage services
S.H.2.7 Other
S.H.3 Facilities Data
S.H.3.1 Inventory of facilities (bus terminal and stops, rest areas, park and ride lots, truck
terminals, intermodal facilities, cargo transfer equipment, etc.)
S.H.3.2 Land use data for use in plannmg for route modifications, terminal and warehouse
locations
S.H.3.3 (F) Delivery and Pickup (On-street, off-street parking by principal intraurban routes).
S.H.3.4 Other
Multimodal Transportation Planning Data- A-1 Project 8-32(5)

Guidance Manual for Coordinating Transportation Planning Data
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S.H.4 Condition Data

S.H.4.1 Pavement data by highway route (pavement serviceability rating, long-term pavement
performance counts) .

S.H.4.2 Any data pertinent to condition of routes, bridges, ramps, etc. that affect the efficiency
of interurban truck access to the urban area or truck pick-up and delivery activities

S.H.4.3 Age of various road classes

S.H.4.4 Other

S.H.5 Project Data

S.H.5.1 List of all state projects proposed for the next 3 years (minimum) - including funding
data

S.H.5.2 List of all metropolitan (MPO) projects proposed for the next 3 years (minimum) -
including funding data

S.H.5.3 Major investment data (planned supply augmentation projects)

S.H.5.4 Project history data (past capacity expansion and maintenance, project information such
as project dates, type of construction, rehabilitation, etc.)

S.H.5.5 Project evaluation data

S.H.5.6 Planned expansions and modifications

S.H.5.7 Project maintenance data-

S.H.5.8 Other

S.R.1  Systems Data

S.R.1.1 Miles of passenger and freight track

S.R.1.2 Nodes and segments by rail line (GIS)

S.R.1.3 Capacity and current utilization by principal routes
S.R.1.4 Land use data for system expansion

S.R.1.5 Other

S.R.2  Service Data (Terminals)
S.R.2.1 Access (intermodal access)
S.R.2.2 Cities serviced
S.R.2.3 Percent trains on time by principal routes
S.R.2.4 Passenger service frequency
S.R.2.5 (F) Freight service frequency
S.R.2.6 Data on service providers
S.R.2.7 Fare and fee structure data
S.R.2.8 Other

S.R.3  Facilities Data

S.R.3.1 Number of passenger and freight cars
S.R.3.2 Passenger track miles

Multimodal Transportation Planning Data- A-2 Project 8-32(5)
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S.R.3.3 Inventory of facilities at each stop

S.R.3.4 Inventory of road crossing equipment
S.R.3.5 Intermodal terminals by location

S.R.3.6 (F)Cargo transfer equipment

S.R.3.7 (F)Cargo storage facilities

S.R.3.8 Inventory of infrastructure (e.g., guideways)
S.R.3.9 Other

S.R.4 Condition Data (Systems)

S.R.4.1 Age (cars, tracks, tunnels, bridges, crossing equipment, etc.)
S.R.4.2 Road crossing condition data

S.R.4.3 Bridge condition (by route)

S.R.4.4 Tunnel clearances (by route)

S.R.4.5 Service record (tracks, facilities, cars, road crossing)

S.R.5 Project Data (Systems and Terminals)

S.R.5.1 List of all state projects proposed for the next 3 years (minimum) - including funding
data

S.R.5.2 List of all metropolitan. (MPO) projects proposed for the next 3 years (minimum) -
including funding data

S.R.5.3 Major investment data (planned supply augmentation projects)

S.R.5.4 Project history data (past capacity expansion and maintenance, project information such

- as project dates, type of construction, rehabilitation, etc.)

S.R.5.5 Project evaluation data

S.R.5.6 Planned expansions and modifications

S.R.5.7 Project maintenance data

S.R.5.8 Other

S.T. Transit Systems

S.T.1  Systems Data

S.T.1.1 Inventory of all routes

S.T.1.2 Capacity and current utilization
S.T.1.3 Route or track miles

S.T.1.4 Vehicle miles

S.T.1.5 Inventory of intermodal connections
S.T.1.6 Other

S.T.2  Service Data

S.T.2.1 Access data

S.T.2.2 Percent on time by transit mode and route
S.T.2.3 Fare and fee structure data

S.T.2.4 Other

Multimodal Transportation Planning Data- A-3 ' Project 8-32(5)
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S.T.3 Facilities Data

S.T.3.1 Inventory of facilities (garages, park & ride lots, stations, stops)
S.T.3.2 Inventory of transit vehicles (light rail cars, buses, subway cars, etc.)
S.T.3.3 Other

S.T.4 Condition Data

S.T.4.1 Statistics on services performed on all transit mode vehicles (maintenance schedule,
service records)

S.T.4.2 Statistics on services performed on all transit mode facilities (maintenance schedule,
service records)

S.T.4.3 Historical statistics on services performed on all transit mode infrastucture (e.g light rail
guideway)

S.T.4.4 Age of vehicles, facilities, and infrastructure

S.T.5 Project Data

S.T.5.1 List of all state projects proposed for the next 3 years (minimum) - including funding
data

S.T.5.2 List of all metropolitan (MPO) projects proposed for the next 3 years (minimum)
including funding data

S.T.5.3 Major investment data (planned supply augmentation projects)

S.T.5.4 Project history data (past capacity expansion and maintenance, project information such
as project dates, type of construction, rehabilitation, etc.)

S.T.5.5 Project evaluation data

S.T.5.6 Planned expansions and modifications

S.T.5.7 Project Maintenance data

S.T.5.8 Other

S.P. Ports and Inland Waterways

S.P.1 Systems Data

S.P.1.1 Ports (GIS)

S.P.1.2 Inland waterway segments (GIS)

S.P.1.3 Locks and capacity

S.P.1.4 Capacity and current utilization by principal routes
S.P.1.5 Land use data for port expansion

S.P.1.6 Other
S.P.2  Service Data
S.P.2.1 Access by all modes
S.P.2.2 Shiplines/Ferry Service lines serving each port
S.P.2.3 Sailing frequencies by destination
S.P.2.4 (F) Barge lines serving each port
Multimodal Transportation Planning Data- A-4 Project 8-32(5)
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SP25
SP.2.6
S.pP.2.7
S.P2.38
S.P2.9

Multimodal connections
Months river is open
Cities/Regions serviced
Fare and fee structure data
Other

S.P.3 Facilities Data

S.P.3.1
SP32
S.p.3.3
SP34
S.P.3.5
S.P.3.6
S.P.3.7

Number of providers (boats/ferries)

Number of passenger docking facilities

Inventory of passenger facilities at port

(F) Cargo transfer facilities by port (including handling equipment)
(F) Cargo storage facilities

Berth Capacity

Other

S.P.4 Condition Data

S.P4.1
S.P4.2
S.P43
SP4.4

- S.P45
S.P4.6
S.P4.7

Dredging schedules

Docks and berths (age, service records, maintenance schedules)

Navigation aids (age, service records, maintenance schedules)

Boats and ferries (age, service records, maintenance schedules, U.S. Coast Guard
certificates) .

Channel depth and width

Locks (age and maintenance schedule)

Other

S.P.5 Project Data

S.P.5.1 List of all state projects proposed for the next 3 years (minimum) - including funding
- data
S.P.5.2 List of all metropolitan (MPO) projects proposed for the next 3 years (minimum) -
including funding data
S.P.5.3 Major investment data (planned supply augmentation projects)
S.P.5.4 Project history data (past capacity expansion and maintenance, project information such
as project dates, type of construction, rehabilitation, etc.)
S.P.5.5 Project evaluation data
S.P.5.6 Planned expansions and modifications
S.P.5.7 Project maintenance data
S.P.5.8 Other
S.A. Air (Airports)
S.A.1 Systems Data
S.A.1.1 Runways (number and lengths)
S.A.1.2 Land use data for airport expansion
Multimodal Transportation Plannfng Data- A-5 . Project 8-32(5)
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S.A.1.3 Number of airports
S.A.1.4 Capacity and current utilization by principal routes
S.A.1.5 Other

S.A2 Service Data

S.A.2.1 Number of providers (airlines serving city)

S.A.2.2 Cities served

S.A2.3 (F) Freight service frequency

S.A.2.4 Intermodal access and connections

S.A.2.5 Percent on time by airline and route

S.A.2.6 Fare or fee structure (range of prices, prices per passenger mile)
S.A.2.7 Other . .

S.A.3  Facilities Data

S.A.3.1 Passenger transfer facilities (bus stops, train stations, parking)
S.A.3.2 (F) Cargo transfer equipment

S.A.3.3 (F) Cargo storage facilities

S.A.3.4 Inventory of airport facilities (gates, walkways,etc.)

S.A.3.5 Other

S.A4 Condition Data

S.A.4.1 Terminal condition data (age, service records, maintenance schedule)
S.A.4.2 Runway data (age, service record, maintenance schedule)

S.A.4.3 Airplane data by airline (age, service record, maintenance schedule)
S.A.4.4 Cargo transfer equipment

S.A4.5 Other

S.A.5 Project Data

S.A.5.1 List of all state projects proposed for the next 3 years (minimum) - including funding
data

S.A.5.2 List of all metropolitan (MPO) projects proposed for the next 3 years (minimum) -
including funding data

S.A.5.3 Major investment data (planned supply augmentation projects)

S.A.5.4 Project history data (past capacity expansion and maintenance, project information such
as project dates, type of construction, rehabilitation, etc.)

S.A.5.5 Project evaluation data

S.A.5.6 Planned expansions and modifications

S.A.5.7 Project Maintenance data

S.A.5.8 Other

Multimodal Transportation Planning Data- A-6 Project 8-32(5)
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Demand Attributes (D)

D.1 Economic Data

D.1.1  Income data by household and region -- historical, current and projected

D.1.2  Employment data by SIC code and region -- historical, current and projected

D.1.3  Vehicle ownership data by household and region

D.1.4  Travel cost data (e.g., auto operating costs, parking costs, transit fares, tolls, etc.)

D.1.5 Proxy data for projecting income and employment by household, SIC code, and region

D.1.6  (F) Industrial operations (Location, SIC code and employment)

D.1.7  (F) Wholesalers and distributors (Location, SIC code and employment)

D.1.8 (F) Commodity production data by SIC and geographic detail -- historical, current and
projected

D.1.9 (F) Commodity consumption data by SIC and geographic detail -- historical, current
and projected

D.1.10 (F) Export/import data by point of exit/entry (seaports, airports and hlghway and rail
border points)

D.1.11 (F) Proxy data for projecting commodity production and consumption data (projections
of employment, income, etc., by geographic area)

D.1.12 Other

D.2 Demographic Data

D.2.1

D.2.2

D23

Population and labor force data (e.g., population size, density, geographxc distribution) -
- historical, current and projected

Household characteristics (e.g., household size, number of children, number of licensed
members) -- historical, current and projected

Other

D3 Land Use Data

D3.1

D.3.2
D33
D34
D.3.5
D.3.6

Acreage data (e.g., acres of land by major use, square footage by major use) --
historical, current and projected

Housing data (e.g., occupancy densities, type distributions, location distributions)
Employment data (e.g., employment densities, type distributions, location distributions)
Access data (e.g., accessibility to services, mix and intensity of services)

Zoning data (e.g., information on zoning restrictions, planned land uses)

Other

D4 (F) Commodity Flow Data -- (historical, current and projected)

D4.1 Commodity flow data by O-D
D.42 Modal split on commodity flow data by O-D
D.4.3 Factors affecting modal split
D.4.3.1 Relative modal rates
D.4.3.2 Delivery time by O-D
D.4.3.3 Other
Multimodal Transportation Planning Data- A-7 Project 8-32(5)
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Other

D.5 Travel Data

D.5.1

D.5.2

D53

D54

D.5.5

D.5.6

D.5.7

Trip generation data (e.g., person trips by purpose, vehicle trips by purpose, transit trips
by purpose, non-motorized trips, etc.) -- historical, current and projected
Trip distribution data (e.g., trip length distributions, trips by time-of-day, etc.) --

. historical, current and projected

Special generator data (e.g., tourism, conventions, special events, etc.)

Traffic volume data (e.g., annual average daily traffic, design hourly volume, peak hour
traffic percentage, directional split, peak period volume, turning movements, zone to
zone modal split, external station traffic counts, etc.) -- historical, current and projected
VMT data (e.g., VMT mix, VMT by functional road class, VMT by time-of-day, etc.) -
- historical, current and projected

(F) Shipper modal selection factors

D.5.6.1 Delivery times by O-D

D.5.6.2 Relative modal costs

Other

D.6 Travel Behavior Data

D.6.1

D.6.2
D.6.3
D.6.4
D.6.5

D.6.6

Mode choice data (e.g., air, rail, highway, port, transit fare matrices, parking costs,
mode availability variables such as vehicle ownership and percent of houses and jobs
within walking distance to transit, etc.) -~ historical, current and projected

Route choice data (e.g., network assignment, pretrip planning, out-of-pocket and time
costs, etc.)

User preference data (e.g., willingness to pay, rider preferences, carpooling,
ridesharing, etc.) -- historical, current and projected

(F)Time-of-day for pickup and deliveries

(F)Carrier behavior data

D.6.5.1 Discriminatory pricing

D.6.5.2 Intermodal agreements

Other

System Performance Attributes (P)

P.1 Safety Data

P.1.1  Incident data (e.g., number, type, location, and duration of traffic incidents, etc.)
P.12  Accident data (e.g., number of accidents, deaths, injuries by mode)
P.1.3  Security data (number and type of security incidents by mode and service populations,
etc.)
P.1.4  Medical services data (e.g., response time, number of providers, etc.)
P.1.5  Other
Multimodal Transportation Planning Data- A-8 Project 8-32(5)
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P.2 Performance Measures

P.2.1

P22

P23

P24

P25

P2.6
P.2.7
P28
P29
P.2.10

System Impact Attributes

Highway performance data (e.g., recurrent and non-recurrent congestion, person and
vehicle miles/hours of delay, lane and vehicle miles of roadway operating at
substandard level-of-service, average system speed, incident location and response,
average delay per person/vehicle, etc.) -- historical, current and projected

-Transit performance data (e.g., average system speed, on-time performance, vehicle

hours per trip, etc.) -- historical, current and projected

Intermodal system performance data (e.g., transfer time between modes, delay along
terminal access routes, etc.) -- historical, current and projected

Efficiency data by mode (e.g., load factors per unit of capacity, percent on-time
performance, average delay time, percent service interruptions, etc.) -- historical, current
and projected

User cost data (e.g., cost per trip and unit of travel, travel time, etc.) -- historical,
current and projected

(F) Delivery times by O-D and mode/intermodal

(F) Cargo damage by mode/intermodal

(F) Congestion at terminals

(F) Shipment costs

Other

1

L1 Air Quality Data

L1.1 Vehicle registration data (e.g., vehicle populations by class, fuel type, vintage
distributions, etc.) -- historical, current and projected

.12 VMT data (e.g., VMT by functional road class and time-of-day, VMT mix by vehicle
class, mileage accumulation rates by vintage, traffic counts by time-of-day, VMT
forecasts, etc.) -- historical, current and projected

IL1.3 Speed data (e.g., average speed by functional road class, vehicle class, time-of-day,
geographic area, etc.) -- historical, current and projected

I.1.4 Trip data (e.g., number of trips by purpose, cold versus hot starts, etc.) -- historical,
current and projected

L1.5 Impact assessment data (e.g., emissions contributions by vehicle class and pollutant,
TCM effectiveness estimates--VMT reduction, etc.) -- historical, current and projected

[.1.6  Interurban emission contribution by mode (highway, rail, air, port) -- historical, current
and projected

1.1.7  Other

12 Other Environmental Data

[2.1 Visual and aesthetic impacts (e.g., information on interrupted views, neighborhood view
of facility, simulations or drawings that scale facility to neighborhood, etc.)

[.2.2  Noise and vibration impacts (e.g., local noise criteria, etc.)

123 Ecosystems (e.g., existing wildlife or vegetation resource data, acres of wetlands
affected by construction of transportation facilities, etc.)
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1.2.4  Archeological and cultural impacts (e.g., inventory of national register sites, aerial
photographs and periodicals, etc.)
1.2.5 Parklands (e.g., information on size, owner, and location, accessibility, function, etc.)

13 Land Use Data

[.3.1 Socio-economic impact (e.g., information on displacement of residents, dwellings, and
businesses, conceptual design drawings, land market value data, parcel mapping, etc.)

1.3.2 Neighborhood impacts (e.g., neighborhood plans, demographic composition, socio-
economic composition, etc.)

1.3.3  Other

14 Energy Data

14.1 Energy consumption impacts by mode -- historical, current and projected
1.4.2 Energy efficiency impacts by mode -- historical, current and projected
1.4.3  Energy price impacts -- historical, current and projected

LS Economic Growth Data

I.5.1 Local- employment impacts (e.g., expected job creation of transportation projects in
local area, etc.)

1.5.2 Regional employment impacts (e.g., expected job creation of transportation projects
in local area, etc.)

1.5.3  (F) Access to natural resources

1.5.4  (F) Access to domestic markets

1.5.5  (F) Access to ports and foreign markets

Multimodal Transportation Planning Data- A-10 Project 8-32(5)
Guidance Manual for Coordinating Transportation Planning Data



The Transportation Research Board is a unit of the National Research Council, which serves the
National Academy of Sciences and the National Academy of Engineering. The Board’s mission is
to promote innovation and progress in transportation by stimulating and conducting research, facili-
tating the dissemination of information, and encouraging the implementation of research results. The
Board’s varied activities annually draw on approximately 4,000 engineers, scientists, and other trans-
portation researchers and practitioners from the public and private sectors and academia, all of whom
contribute their expertise in the public interest. The program is supported by state transportation depart-
ments, federal agencies including the component administrations of the U.S. Department of Trans-
portation, and other organizations and individuals interested in the development of transportation.

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of sci-
ence and technology and to their use for the general welfare. Upon the authority of the charter granted
to it by the Congress in 1863, the Academy has a mandate that requires it to advise the federal gov-
ernment on scientific and technical matters. Dr. Bruce M. Alberts is president of the National Acad-
emy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National
Academy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its
administration and in the selection of its members, sharing with the National Academy of Sciences
the responsibility for advising the federal government. The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages education and research,
and recognizes the superior achievements of engineers. Dr. William A. Wulf is president of the
National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure
the services of eminent members of appropriate professions in the examination of policy matters per-
taining to the health of the public. The Institute acts under the responsibility given to the National
Academy of Sciences by its congressional charter to be an adviser to the federal government and,
upon its own initiative, to identify issues of medical care, research, and education. Dr. Kenneth I.
Shine is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to
associate the broad community of science and technology with the Academy’s purpose of furthering
knowledge and advising the federal government. Functioning in accordance with general policies
determined by the Academy, the Council has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in providing services to the
government, the public, and the scientific and engineering communities. The Council is administered
jointly by both the Academies and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. William
A. Wulf are chairman and vice chairman, respectively, of the National Research Council.

Abbreviations used without definitions in TRB publications:

AASHO  American Association of State Highway Officials

AASHTO  American Association of State Highway and Transportation Officials
ASCE American Society of Civil Engineers

ASME American Society of Mechanical Engineers

ASTM American Society for Testing and Materials

FAA Federal Aviation Administration

FHWA Federal Highway Administration

FRA Federal Railroad Administration

FTA Federal Transit Administration

IEEE Institute of Electrical and Electronics Engineers

ITE Institute of Transportation Engineers

NCHRP National Cooperative Highway Research Program

NCTRP National Cooperative Transit Research and Development Program
NHTSA National Highway Traffic Safety Administration

SAE Society of Automotive Engineers

TCRP Transit Cooperative Research Program

TRB Transportation Research Board

USDOT  United States Department of Transportation
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