Example: 

Research Report

and Interim Report

Using Geographic Information Systems
for Regional Transportation Planning
in a Growth Management Context

by

Timothy L. Nyerges and James D. Orrell III
Department of Geography, Bx 353550
University of Washington
Seattle, WA 98195

Washington State Transportation Center (TRAC)
University of Washington, Box 354802 

1107 NE 45th Street, Suite 535
Seattle, Washington  98105

Washington State Department of Transportation
Technical Monitor
Judith Lorenzo
Assistant Program Manager
Scenic Highways Program

Prepared for

Washington State Transportation Commission
Department of Transportation
and in cooperation with
U.S. Department of Transportation
Federal Highway Administration

	1.  REPORT NO.
	2.  GOVERNMENT ACCESSION NO.
	3.  RECIPIENT'S CATALOG NO.

	WA-RD 285.1
	
	

	4.  TITLE AND SUBTITLE
	5.  REPORT DATE

	USING GEOGRAPHIC INFORMATION SYSTEMS FOR
	October 1992

	REGIONAL TRANSPORTATION PLANNING IN A GROWTH
	6.  PERFORMING ORGANIZATION CODE

	MANAGEMENT CONTEXT
	

	7.  AUTHOR(S)
	8.  PERFORMING ORGANIZATION REPORT NO.

	Timothy L. Nyerges and James D. Orrell III


	

	9.  PERFORMING ORGANIZATION NAME AND ADDRESS
	10.  WORK UNIT NO.

	Washington State Transportation Center (TRAC)
	

	University of Washington, Bx 354802
	11.  CONTRACT OR GRANT NO.

	1107 NE 45th Street, Suite 535
	T9233, Task 9

	Seattle, Washington  98105
	

	12.  SPONSORING AGENCY NAME AND ADDRESS
	13.  TYPE OF REPORT AND PERIOD COVERED

	Washington State Department of Transportation

Transportation Building, KF-01
	Research report

	Olympia, Washington  98504
	14.  SPONSORING AGENCY CODE

	Doug Brodin, Project Manager, 360-705-7972
	

	15.  SUPPLEMENTARY NOTES

	This study was conducted in cooperation with the U.S. Department of Transportation, Federal Highway Administration.

	16.  ABSTRACT

	Growth management in Washington State provides a new context for regional transportation planning.  A major part of this planning involves investigation of the latest information processing techniques and interjurisdictional coordination specifically with regard to transportation and land use linkages.  Geographic information system (GIS) applications for transportation can assist transportation planners with data analysis concerned with these linkages.  This project has identified information needs in the context of a regional transportation planning process, particularly the needs of Regional Transportation Planning Organizations (RTPOs).  Urban and rural contexts are considered.  Information processing tasks are elucidated and the software functions that address these tasks are presented.  Data sources are identified for urban and rural traffic forecast modeling.  Institutional and technical barriers inhibiting access to data for the regional transportation planning process are discussed.



	17.  KEY WORDS
	18.  DISTRIBUTION STATEMENT

	Regional transportation planning, growth management, GIS, information needs, geographic information systems, TIGER/Line, Census Transporation Planning Package
	No restrictions.  This document is available to the public through the National Technical Information Service, Springfield, VA  22616

	19.  SECURITY CLASSIF.  (of this report)
	20.  SECURITY CLASSIF. (of this page)
	21.  NO. OF PAGES
	22.  PRICE

	None
	None
	50
	


Disclaimer

The contents of this report reflect the views of the authors, who are responsible for the facts and the accuracy of the data presented herein.  The contents do not necessarily reflect the official views or policies of the Washington State Transportation Commission, Department of Transportation, or the Federal Highway Administration.  This report does not constitute a standard, specification, or regulation.

Table of Contents

Section
Page

Summary

vii

Introduction

1

Research Objectives

1

The Problem

1

Review of Current Practice

3

Literature Review

3

Telephone Survey

5

Procedures

6

Workshop 1—Information Needs

6

Individual Listing of Issues

6

Clustering Issues to Form Cluster Working Groups

6

Issues and Regional Transportation Planning Components

8

Issues and Scales of Analysis

9

Issues and Information Processing Applications

9

Workshop 2—The Regional Transportation Planning Process

9

Findings/Discussion

18

Synthesis of Workshop 1 Results

18

Institutional Issues

18

Technical Issues

19

Synthesis of Workshop 2 Results

19

A Database Model for Regional Transportation Planning

25

Conclusions 

ix

Recommendations/Application/Implementation

37

Important Aspects of this Research for Individual RTPOs

37

Important Aspects of this Research for the Overall Problem

37

Acknowledgments

41

References

42

List of Figures

Figure
Page


1.
Workshop 1 Process Overview

7


2.
Association of Transportation Planning Scales of Analysis with Administrative and Geographic Perspectives for Regional Transportation Plan Development

12


3.
Regional Transportation Plan Making Process

15


4.
Regional Transportation System Analysis

16


5a.
Database Model for Travel Directed at Developing Trip 
Distributions

26


5b.
Database Model for Travel Directed at Loading Trip Assignments 
onto Transport Network and Performing System Evaluation
27

List of TABLES

Table
Page


1.
Synthesis of Issues From Information Needs Workshop

20


2.
Tasks by Plan Component

21


3.
Data Categories and Data Sources

29


4a.
Data Entry Functions in a GIS for Transportation

33


4b.
Data Output/Display in a GIS for Transportation

33


4c.
Data Management in a GIS for Transportation

34


4d.
Data Manipulation Functions in a GIS for Transportation

35


4e.
Data Analysis Functions in a GIS for Transportation

36


5.
Data Issues Impeding Regional Transportation Planning

39

Executive SUMMARY

This report documents tasks 1 and 2 of a three-part research project investigating the use of geographic information processing technology to support regional transportation planning.  The Washington State Department of Transportation (WSDOT) recognizes that the emergence of a new mandate for regional transportation planning under the Washington State Growth Management Program provides a new context for the planning process.  They also recognize that the use of geographic information processing technology can facilitate regional transportation plan development.

The findings documented in this report, in large part, result from two highly interactive workshops designed and implemented by the research team.  Workshop participants included transportation planning professionals from the organizations responsible for plan development, as well as from other organizations representing important roles in support of transportation planning, including those offering information sources, e.g., the Census Bureau.  The workshops were designed, in part, to encourage intergovernmental coordination and cooperation as mandated in the growth management program. 

The purpose of the first workshop was to identify, and begin the synthesis of, the broad range of information needs for regional transportation plan development.  The methodology developed for the workshop and documented in this report may be of concern to other information gathering sources interested in geographic information system (GIS) implementation.  The second workshop involved a more detailed examination of the information needs, data sources, and software functions necessary for regional transportation plan development.

This report further synthesizes the results from the workshops with other issues of concern in the implementation of geographic information processing technology in regional transportation planning.  Specifically, the regional transportation planning process is discussed in terms of administrative and geographic dimensions as they interconnect with different scales of transportation analysis throughout the state of Washington.  Important products in this report include the following:  

•
a new synthesis of the technical aspects of the regional transportation planning process

•
the development of a database model showing the important data elements and their interrelationships involved in regional transportation planning contexts

•
a list of information categories and data sources to support the planning process

•
identification of problems associated with data sources that impede the planning process

•
a detailed list of geographic information processing software functions cross-referenced with the regional transportation planning components

•
recognition of the value of coordination and communication among the planning community in sharing technical solutions to facilitate the transportation planning process throughout the state

•
recognition of the need for continued technical support for the planning effort, particularly among the newly formed Regional Transportation Planning Organizations (RTPOs)

•
recognition that regional transportation planning involves extensive data inventory, analysis, and storage on an iterative basis, and requires sufficient budget resources for staff and other program requirements (e.g., computers, software, and data for which a fee is charged)

INTRODUCTION

RESEARCH OBJECTIVES

The first objective of this part of the research project was to identify the informational needs of the regional transportation planning process.  Information needs were developed from two one‑day workshops, a literature review, a telephone survey, and a synthesis of the requirements outlined in the Growth Management Legislation.

The second objective of this research was to analyze and evaluate how the forthcoming Census Transportation Planning Package (CTPP) and TIGER/line data could support the transportation planning needs identified for the first objective. The report documents a wide range of the data and sources necessary for regional transportation planning and provides a first step of identifying specific problems associated with their acquisition and implementation.

The Problem

This report documents the regional transportation planning process as mandated by the Growth Management Program created by the Washington State Legislature in 1990.  It begins with a description of the planning problem and the required components for plan development.  This description includes different perspectives on the regional planning problem, but ultimately recognizes that the process and information needs are similar for all jurisdictions involved in planning.  The issue of scales of analysis is seen as the unifying dimension for the different institutional perspectives on the planning process.

Following this description, more detailed discussions of information processing tasks, information categories, and data sources are outlined.  This effort focuses on the presentation of a single database model, which captures the essence of data requirements and data relationships, to support the planning process regardless of the geographic scale of analysis.

In the implementation section of this report, some specific issues associated with the integration of geographic information processing in regional transportation planning are highlighted.  Further cooperative research regarding these issues is necessary to meet the challenges and goals presented in the growth management mandate.

The Washington State Department of Transportation (WSDOT) recognizes that growth management in Washington State provides a new context for transportation planning.  A major part of planning in this new context involves investigation of the latest information processing techniques and inter-jurisdictional coordination specifically regarding transportation and land‑use linkages. 

A GIS is defined as a system of hardware, software, data, people, organizations, and institutional arrangements for collecting, storing, analyzing, and disseminating information about areas of the earth. (Dueker and Kjerne 1989)  The main focus of a GIS in transportation is on areas of the earth that involve a transportation network. (Nyerges and Dueker 1988; Nyerges 1990a)  A GIS can be used to integrate transportation information from disparate sources on the basis of geographic location, for example, an estimate of travel demand inferred from land use and transportation networks, or a state‑wide distribution of travel studies performed by regional planning agencies. 

In recent years, interest in GIS has reached such high levels vendors are now providing solutions for several transportation planning problems.  At WSDOT within the Planning, Research and Public Transportation Division, the Transportation Planning Office (TPO) is responsible for providing technical assistance to the Metropolitan Planning Organizations (MPOs) and the newly formed Regional Transportation Planning Organizations (RTPOs).  This project was designed to assist in documenting the regional transportation planning process, specifically regarding the use of geographic information processing technology.

REVIEW OF CURRENT PRACTICE

LITERATURE REVIEW

Over the past several years, transportation modeling has been a large part of the planning effort of MPOs in Washington State.  The Growth Management Program requires that RTPOs develop regional transportation plans and that these plans be consistent with the transportation elements of local comprehensive plans.  This requirement will increase the level of effort expended on land use based travel demand modeling, which is part of the data analysis used in preparing regional transportation plans.  In addition, the plan consistency required by the Growth Management Program necessitates an enhanced level of inter-jurisdictional coordination among MPOs, RTPOs, District Planning Offices, and local agencies.

During the 1980s part of the transportation planning rfforts by MPOs across the U. S. was supported by the Urban Transportation Planning Package (UTPP), published by the Census Bureau.  The UTPP was a special product of the 1980 Census organized for transportation planning applications.  It contained population, employment, and supportive journey‑to‑work data.  In an effort to continue support for such planning applications, the Census Bureau, in cooperation with the Federal Highway Administration (FHWA), will soon be releasing another Census Transportation Planning Package (CTPP).  This refined set of journey‑to‑work transportation data is a special product of the 1990 Census.  The CTPP will be compatible with the previously released TIGER/line street network files since the TIGER/line files provide the geographic reference elements for the CTPP.  CTPP includes the following types of data:  place of work, commuter trip (including both ends of trip), and place of residence.  There is a statewide component consisting of place, county, and state level data, and an urban component consisting of transportation analysis zone, and census tract data.

In recent years, much of the transportation planning effort in the state of Washington has been undertaken by MPOs using transportation modeling software.  Most experts now recognize that land use based transportation modeling is superior to traditional travel demand modeling based on population estimates alone. (de la Berra 1989)  Several software packages now allow some form of land use based data input for modeling. (Lewis 1990)  In addition, several of the software vendors of transportation modeling packages now recognize that data management can play a key role in analytical routines and graphics display.  Much of that influence has come from a GIS approach to data processing. Consequently, many modeling vendors are trying to develop linkages to a GIS or develop such functions into their software, or both.  Using the CTPP data requires a method of storage, manipulation, and analysis that can be provided by modeling and/or GIS software packages.

Integration of transportation modeling and GIS software takes many forms. (Nyerges 1990b; Nyerges 1992a)  One extreme approach is off‑line, separate databases (data structures), where data is transferred between a modeling package and a GIS.  The other extreme approach is total integration of modeling and GIS databases (data structures).  Another system could have separate data structures, but an on‑line transfer of data.  This latter approach is the most common one in reaching effective solutions with minimum effort.  Transportation modeling and GIS software together provide a depth of analysis that only sophisticated transportation modeling software can provide and the breadth of data management, manipulation, and display that GIS can provide.

A GIS can be used for several transportation planning applications that involve integrating data sets from several sources.  Manipulation of these data to geographical distribution information has not been available before because of a lack of both analytical synthesis in software packages and of cartographical displays that effectively depict spatial distributions. (Nyerges and Dueker 1988)  

PROCEDURES

This section reviews the approaches and results from two one-day workshops designed and implemented by the project team.  The workshop participants represented a broad cross-section of organizations responsible for the development of regional transportation plans.  
WORKSHOP 1 INFORMATION NEEDS 

The purpose of the first workshop was to begin the process of identifying the issues associated with implementing transportation planning under growth management.  A graphic outline of the workshop process displays an overview of the process (see Figure 1).  The work sessions identified in the figure are described in this section.

Individual Listing of Issues

The workshop began with each of the participants reviewing a list of issues compiled from returned questionnaires.  The participants were then asked to consider this list and any other additional issues, and to identify the three issues of greatest significance to them. These three issues were then listed on separate 5" x 8" index cards along with the initials of the participant.

Clustering Issues to Form Working Group Themes

Related issues were clustered together to form subjects for discussion.  Each participant forwarded the card stating their most significant issue first.  This grouping activity was repeated two more times, thus addressing each of the three issues chosen by each participant.  When participants had more than three highly-significant issues, their additional cards were considered one at a time for association with any of the existing working group themes.

A check was then made to insure that each working group represented at least two different issues, and that no one issue was represented in more than one working group in a given round.  This was done because it spurred conversation for sharing information.

Issues and Regional Transportation Planning Components

The third session of the workshop used the issues identified in session two to examine the relationships between these issues and the components of the regional transportation planning process as described in the Growth Management Act.  This was accomplished using a matrix worksheet with issues listed on the left side of the matrix and the components for regional transportation planning listed across the top.  (See Appendix A for a sample matrix.)

Participants formed small discussion groups based on their working group affiliations and used individual matrix worksheets to record the associations of the issues and the transportation planning components.  Each individual considered the issues independently first and then recorded their observations on separate worksheets.  After this independent work period, they discussed their results in small groups and arrived at a consensus of the relationships between the concerns and planning components.  

At this point, they also reached a consensus regarding the total number of instances where each concern related to a component of the planning process (i.e., they counted the number of entries in each component column).  They entered this total number in the bottom row of the worksheet.  The total number of occurrences determined the ranking of each transportation planning component's overall importance in relation to the combined concerns represented by the clustering of issues.  (See Appendix B for a sample tally.)

The consensus of issues were copied onto a separate worksheet and given to the facilitator as documentation for the activity.  The participants also generated a generic description (title) for the cluster of issues at the bottom of the worksheet.  Then, this description was transferred to a title card and placed on a large wall presentation matrix used to present the issues.  The summary row totals from the bottom of the consensus worksheet were also recorded on the wall presentation matrix.

Findings/DISCUSSION

SYNTHESIS OF WORKSHOP 1 RESULTS

The issues identified in the first workshop were divided into two categories:  institutional and technical concerns.  As the first step in our synthesis, we combined the issues identified in the first workshop into a single database and resorted them based on their primary concerns' emphasis—institutional or technical.

Institutional Issues

Several institutional concerns were identified:

•
Guidelines (roles, data, analysis),

•
Identification of roles, responsibilities, cooperation (of key players and agencies),

•
Criteria (data, planning, analysis),

•
Standardization of LOS/Technical criteria,

•
Consistency of regional transportation plans,

•
Unifying multiple agency priorities,

•
Staffing,

•
Elected official involvement,

•
Information dissemination, and

•
Sources of, access to, and timeliness of data.

The above list indicates that a significant number of the issues identified in the first workshop were associated with institutional concerns.  Clearly, two things were requested by workshop participants:  1) further policy-level clarification of the growth management program's transportation provisions, and 2) development of appropriate institutional guidelines.  It is not in the scope of this project to develop such guidelines, but it is of interest to the WSDOT Transportation Planning Office in their ongoing efforts to provide transportation planning, a growth management program, and technical assistance to WSDOT districts, locales, and the RTPOs.

One of the institutional concerns identified in the workshop is the issue of information sources, access, and dissemination.  This is a key consideration of this research project.  The development of a prototype information processing application to partially support this activity (a GIS application for monitoring transportation planning studies) within WSDOT was undertaken as Task 3 of the project. (Nyerges 1992b)  This prototype will provide WSDOT with information concerning how a GIS application might help with institutional concerns, by organizing the data describing regional transportation system studies and research.

Technical Issues

Several technical concerns were identified:

•
Data collection & analysis,

•
Data inputs for modeling,

•
Standardization of models/formats/data,

•
Data requirements & transfer, and

•
Environmental issues.

These five summary-level technical issues, synthesized from Workshop 1 on information needs, provided a starting point for the development of a more comprehensive list of regional transportation planning issues and, subsequently, specific tasks related to those issues.  Table 1 represents the elaborated synthesis of issues resulting from the information needs workshop.  This list of issues was used as a starting point for the development of a comprehensive list of tasks (discussed in the next section) that are directly linked to the process diagrams outlined in Figures 3 and 4.

SYNTHESIS OF WORKSHOP 2 RESULTS

This section outlines a detailed list of information processing tasks associated with regional transportation plan development, which was used as the starting point for the second workshop. The refinement of this list of tasks started with the list of issues in Table I and the process diagrams in Figures 3 and 4.  This list should serve as a starting point for developing more detailed work plans in specific planning settings.  Its primary purpose, here, is as a foundation for developing a database model for regional transportation planning, which, in turn, is used to develop a comprehensive list of information categories and data sources.  The list of tasks provided in Table 2 is subdivided into three major sections (Policy Phase Tasks, Analysis Phase Tasks, and System Phase Tasks) corresponding with the major groups in Figures 3 and 4.

CONCLUSIONS

This report presents a broad framework, which captures the interplay between the regional transportation planning process and information processing technology.  The breadth and depth of the material presented should provide valuable insights for those interested in both policy and technical aspects of the regional transportation planning process.  This project is the first step in undertaking the information technology transfer problem for transportation analysis in growth management.  We believe that further detailed issues regarding information processing can easily follow the basic structure set forth in this report.  

This research has benefited from the contributions of many individuals in the regional transportation planning community.  Their open interaction in the workshops has added greatly to the clarification of regional transportation planning problems.  As the planning process moves forward, there is a need for this type of exchange to continue between RTPOs and individual planners.

The synthesis of the workshops' results presents several important conclusions.  The first is that the regional transportation planning effort needs further policy-level guidance if it is going to meet the goals of the growth management program. This is, however, an institutional problem, and not the primary focus of this research.

The second issue that needs more deliberation concerns data access and better coordination of data sharing.  This report documents data needs and has begun the data source identification process.  It notes specific cases where data exist but are currently inaccessible to the planning community because of institutional barriers.  A coordinated and cooperative effort to overcome unnecessary obstructions to data sharing should be further pursued.

Third, and last, it has become apparent from this research that many of the RTPOs need greater technical support to implement the technical solutions identified here. Further investment in helping RTPOs implement appropriate information processing technology would be beneficial to the regional transportation planning process, and ultimately to the quality of transportation statewide.

Recommendations/APPLICATION/IMPLEMENTATION

From a technological standpoint, the results of this research provide a starting point for considering how the tasks of regional transportation planning under growth management intersect with current geographic information processing concepts and techniques.  The issues identified demonstrate concerns regarding data sources and availability, and concerns regarding software capability.  Currently, the knowledge base in both areas seems to be lacking or dispersed, based on the cross-section of input received from the workshop participants.  This report's aim is to resolve this problem.

IMPORTANT ASPECTS OF THIS RESEARCH FOR INDIVIDUAL RTPO's

From a management standpoint, the process diagrams (figures 3 and 4) and task list (Table 2) developed in this report are applicable to a broad range of organizations, enabling them to better understand the nature of regional transportation planning problems and how geographic information processing technology can be applied.  This information provides a starting point for the development of more detailed plans and programs to meet the needs of various organizations in the state of Washington.  

Additionally, the general GIS functions described in tables 4a-4e can be used to identify the important software functions available in some software to address specific transportation planning problems.  However, each MPO and RTPO must assess these functions considering its own technological needs.  In general, the value of this research in addressing these types of issues is primarily at the level of individual RTPO/MPOs. 

IMPORTANT ASPECTS OF THIS RESEARCH FOR THE OVERALL PROBLEM

This research can make an important contribution at the intergovernmental level.  It is at this level that further application and implementation of the concepts developed in this report could have the greatest effect on the regional transportation planning effort and the adoption of geographic information processing technology to support this effort.   Specifically, this research identifies concerns that represent significant obstacles to existing efforts to effectively implement regional transportation planning programs.  Some of these obstacles include:

•
an overall view of the problem,

•
institutional barriers to data acquisition,

•
understanding of the technologies, and 

•
the cost of the technology.

Many of the issues identified will determine the success of regional transportation planning efforts.  Technical coordination of these issues is required for plan development.  The need for coordination reflects the broader institutional difficulties associated with regional transportation planning.  Table 5 documents the data issues identified in this research that lie at the center of regional transportation analysis and, consequently, at the heart of successful regional transportation planning.
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