
N A T I O N A L C O O P E R A T I V E H I G H W A Y R E S E A R C H P R O G R A M 
R E P O R T 

TRANSPORTATION PLANNING FOR 
SMALL URBAN AREAS 

T R A N S P O R T A T I O N R E S E A R C H B O A R D 
N A T I O N A L R E S E A R C H C O U N C I L 



TRANSPORTATION RESEARCH BOARD 1976 

Officers 

H A R O L D L. M I C H A E L , Chairman 

R O B E R T N . H U N T E R , Vice Chairman 
W. N . CAREY, JR., Executive Director 

Executive Committee 

H E N R I K E. STAFSETH, Executive Director, American Assn. of State Highway and Transportation Officials (ex officio) 
NORBERT T . T I E M A N N , Federal Highway Administrator, U.S. Department of Transportation (ex officio) 
R O B E R T E. P A T R I C E L L I , Urban Mass Transportation Administrator, U.S. Department of Transportation (ex officio) 
ASAPH H . H A L L , Federal Railroad Administrator, U.S. Department of Transportation (ex officio) 
H A R V E Y B R O O K S , Chairman, Commission on Sociotechnical Systems, National Research Council (ex officio) 
JAY W. B R O W N , Director of Road Operations, Florida Department of Transportation (ex officio. Past Chairman 1974) 
M I L T O N P I K A R S K . Y , Chairman of the Board, Chicago Regional Transportation Authority (ex officio. Past Chairman 1975) 
G E O R G E H . A N D R E W S , Vice President (Transportation Marketing), Sverdrup and Parcel 
K U R T W. B A U E R , Executive Director, Southeastern Wisconsin Regional Planning Commission 
L A N G H O R N E B O N D , Secretary, Illinois Department of Transportation 
M A N U E L C A R B A L L O , Secretary of Health and Social Services, State of Wisconsin 
L . S. C R A N E , President, Southern Railway System 
J A M E S M . D A V E Y Consultant 

B. L . D E B E R R Y , Engineer-Director, Texas State Department of Highways and Public Transportation 
L O U I S J. G A M B A C C I N I , Vice President and General Manager, Port Authority Trans-Hudson Corporation 
H O W A R D L . G A U T H I E R , Professor of Geography, Ohio State University 
A L F R E D H E D E F I N E , Senior Vice President, Parsons, Brinckerhoff, Quade and Douglas 
F R A N K C. H E R R I N G E R , Manager-Director, San Francisco Bay Area Rapid Transit District 
A N N R. H U L L , Delegate, Maryland General Assembly 
R O B E R T N . H U N T E R , Chief Engineer, Missouri State Highway Commission 
P E T E R G . K O L T N O W , President, Highway Users Federation for Safety and Mobility 
A. S C H E F F E R L A N G , Assistant to the President, Association of American Railroads 
B E N J A M I N L A X , Director, Francis Bitter National Magnet Laboratory, Massachusetts Institute of Technology 
D A N I E L M c F A D D E N , Professor of Economics, University of California 
H A R O L D L. M I C H A E L , School of Civil Engineering, Purdue University 
J. P H I L L I P R I C H L E Y , Vice President (Engineering and Construction), The Cafaro Company 
R A Y M O N D T . S C H U L E R , Commissioner, New York State Department of Transportation 
W I L L I A M K . S M I T H , Vice President (Transportation), General Mills 
P E R C Y A. WOOD, Executive Vice President and Chief Operating Officer, United Air Lines 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Advisory Committee 

H A R O L D L . M I C H A E L , Purdue University ( C h a i r m a n ) 

R O B E R T N . H U N T E R , Missouri State Highway Commission 
H E N R I K E . S T A F S E T H , Amer. Assn. of State Hwy. and Transp. Officials 
NORBERT T . T I E M A N N , U.S. Department of Transportation 
H A R V E Y B R O O K S , National Research Council 
JAY W. B R O W N , Florida Department of Transportation 
W. N . C A R E Y , JR., Transportation Research Board 

General Field of Transportation Planning 
Area of Urban Transportation 
Advisory Panel for Project B8-7A 

J O H N K . M L A D I N O V , New York Stale Department of J O S E P H L . S C H O F E R , Northwestern University 
Transportation (Chairman) A L I F . S E V I N , Federal Highway Administration 

M A L C O L M F . B R E N A N , West Virginia Department of Highways R E X W I A N T , Iowa Department of Transportation 
R O Y A . F L Y N T , JR . , City of White Plains, N.Y. K E V I N E . H E A N U E , Federal Highway Administration 
S T E P H E N G . P E T E R S E N , Consultant J. A . S C O T T , Transportation Research Board 
I R V I N G J . R U B I N , Ford Motor Company 

Program Staff 

K . W. HENDERSON, JR., Program Director 
D A V I D K . W I T H E F O R D , Assistant Program Director H A R R Y A. S M I T H , Projects Engineer 
L O U I S M . M A C G R E G O R , Administrative Engineer R O B E R T E. S P I C H E R , Projects Engineer 
J O H N E. B U R K E , Projects Engineer H E R B E R T P. O R L A N D , Editor 

R. I A N K I N G H A M , Projects Engineer P A T R I C I A A . P E T E R S , Associate Editor 
R O B E R T J. R E I L L Y , Projects Engineer E D Y T H E T . C R U M P , Assistant Editor 



FOREWORD 
By Staff 

Transportation 
Research Board 

This report is of principal interest to those concerned with the estimation of travel 
demand in urban areas with populations of 50,000 or less. Transportation planners 
concerned with growth of small urban areas and/or improving mobility of residents 
in small urban areas will find this report to be helpful in developing plans for 
highways, streets, and public transportation. 

The report stresses the importance of organizing transportation planning 
procedures to generate solutions for the specific problems of concern to a small 
urban area. Examples of several typical problems are given, together with the 
recommended procedures to follow. The nature of small urban area transportation 
problems is described in terms of scale, purpose, time frame, and level of detail. 
These elements are considered within the context of institutional arrangements, 
personnel, and finances. Land-use input to transportation planning techniques 
was found to be most appropriately developed by hand methods heavily dependent 
upon the planner's knowledge of the urban area and the exercising of professional 
judgment in an ad hoc or opportunistic fashion. Four types of transportation plan
ning techniques were recommended for application in small urban areas: (a) net
work simulation based on synthetic models and a small-sample household survey, 
(b ) consumer-oriented transit planning, (c) simple techniques for corridor analysis, 
and (d ) hand-computation-oriented procedures for estimating localized impacts 
of major traffic generators. Under each type, existing techniques were reviewed 
and tested (to varying levels). Examples are: cross classification and synthetic 
models under network analysis, corridor growth traffic forecasting model, use of 
work trip to update continuing transportation studies, development of a consumer-
oriented approach to determining local transit needs, and providing activity center 
traffic estimates to assist in assessing the localized impact of land-use changes on 
the transportation system. 
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Systematic, well-designed research provides the most ef
fective 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 accelerat
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authonties. 
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 Trans
portation Officials initiated in 1962 an objective national 
highway research program employing modern scientific 
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basis by funds from participating member states of the 
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of the Federal Highway Administration, United States 
Department of Transportation. 
The Transportation Research Board of the National Re
search Council was requested by the Association to admin
ister the research program because of the Board's recog
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agencies, universities, and mdustry; its relationship to its 
parent organization, the National Academy of Sciences, a 
private, nonprofit institution, is an insurance of objectivity; 
it maintains a full-time research correlation staff of special
ists 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 trans
portation departments and by committees of AASHTO. 
Each year, specific areas of research needs to be included 
in the program are proposed to the Academy and the Board 
by the American Association of State Highway and Trans
portation Officials. Research projects to fulf i l l these needs 
are defined by the Board, and qualified research agencies 
are selected from those that have submitted proposals. Ad
ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 
The needs for highway research are many, and the National 
Cooperative Highway Research Program can make signifi
cant 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. 
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TRANSPORTATION PLANNING FOR 
SMALL URBAN AREAS 

SUMMARY The initial goal of this research was to develop a simplified transportation planning 
process for small urban areas of less than 250,000 population that is sufficiently 
flexible so that travel forecasts can be based on a small-sample home-interview 
survey or a simulation. To follow through to this objective would have focused the 
research on the development of new and innovative models of trip generation, dis
tribution, modal split, and assignment; specific improvements to the modehng chain 
would have been incorporated mto a "how to" procedural guide. 

Early research was on establishing the nature of transportation planning for 
small urban areas. Questions investigated were: 

1. Who plans and at what level of planning analysis? 
2. What role does policy input have? What are data inputs? 
3. What are the types and number of alternatives? 
4. Are implementation procedures established? 
5. Are transportation and land-use plans coordinated? 

I t was found that the existing standardized procedures were incompatible with 
the possible variations m the nature of the problems, available resources, and expec
tations of the participants. A digest of responses f rom the small urban areas exam
ined typifies the difficulty faced when attempting to adapt the planning problem to 
the planning process, rather than fitting the process to the specific problem. 

A holistic approach was taken that looked into how and under what condi
tions planning was being accomplished. The findings and recommendations are 
categorized according to organizational framework, general procedures for achieving 
land-use and transportation planning, and simplified techniques. These are the four 
levels of planning activities commensurate with the problem. The elements of the 
problem were outlined according to scale, purpose, time frame, and level of detail. 
I n addition, it was necessary to identify those elements that affected the capability 
for carrying out an effective planning process, such as institutional arrangement, 
personnel, and finances. 

ORGANIZATIONAL FRAMEWORK 

The research specifically addressed the organizational settings under which planning 
can be conducted. The level of effort involved in producing a plan can be reduced 
as much by agency cooperation to avoid duplication of effort in data collection as 
by use of techniques that require fewer data. 

The organizational framework surrounding a particular planning effort is not 
a neutral feature. I t embodies various agencies or groups with different objectives, 
different capabilities, different roles in the process, and different kinds of personnel. 

Both land-use and transportation planning require some organizational respon
siveness to variations in local situations. The extension of the customizing notion 



to organizational matters is an attempt to identify at the beginning of the planning 
process the impact of the institutional setting to minimize friction and to ensure that 
the energies of the participants are directed toward commonly understood objec
tives. Such a customized approach, cognizant of both the parameters of the problem 
and the resource capabilities available for response to the problem, is readily 
adaptable to effective and efficient use in the planning process procedures enough to 
take into account variations in agency roles and relationships f rom one planning 
job to another. 

Customization often yields either a reduction in the required volume of tech
nical work over-all or an improvement in the chances that standard technical work 
would be implemented, or both I t is not suggested that the planning process and 
organizational structure would be completely new in each planning job, but that 
each planning effort would begin with an explicit effort to identify the best organiza
tional structure for that job The real question then is. "What are the important 
factors to be considered in examining the organizational structure?" 

The local decision makers need to be educated to the maximum extent possi
ble in the implications of the technical work as it proceeds in order to fully support 
its recommendations. A t the same time the close interaction between local public 
officials and technical personnel during the planning process would make the rec
ommendations more sensitive to political subtleties in the community and thereby 
enhance their chances of implementation. 

Assignment of the various tasks in the planning process to specific agencies 
is a major decision made on the basis of efficiency and effectiveness. Questions 
arise as to what organization can produce a given work unit at the least cost and 
what agency is likely to produce plans with the highest likelihood of effective 
implementation. 

LAND-USE AND TRANSPORTATION PLANNING PROCEDURES 

I t was found to be appropriate for planners to forego computer procedures m favor 
of various manual methods that are heavily dependent on the planners' knowledge 
of the community and the exercise of professional judgment in an ad hoc or oppor
tunistic fashion In communities under 50,000, for example, a planner can make 
gross estimates of the amount of various land uses needed at some future date on 
the basis of population and economic studies. The required land-use activities are 
then spatially distributed more by design principles than projections while taking 
into account the capability of vacant land and proposed public improvements as 
well as the planner's knowledge of local development trends, land availability, and 
similar factors. The research reemphasizes the central importance of land-use plan
ning m transportation planning. Land-use planning influences the procedures to be 
selected for conducting transportation planning as well as the content of transporta
tion plans. I t can provide a substantial resource of data and informed local people 
that can be utilized by transportation planners as a data source for estimating travel 
demand and as a process that has the potential for defining key issues in a 
community 

Land-use planning in small communities was found to be highly standardized 
in format and content, but not in procedures. Customization of land-use planning 
would tend to foster a transportation planning process more responsive to local 
needs by identifying those issues most important to the community. 

In most cases the transportation alternatives were formulated and evaluated in 
the context of a given land-use plan However, in recent years a trend exists not 
to limit the alternatives to transportation system variations only, but also to include 



the different land-use alternatives in the transportation planning process. This trend 
confirms the interrelationship of land-use and transportation planning and points out 
the need for better coordination between these two elements of urban planning. The 
relationship of land use and travel demand lies at the foundation of present traffic 
forecasting techniques. This interdependence naturally calls for a high level of 
coordination between the respective planning responsibilities 

Alternatives to land-use growth controls that would significantly affect the 
transportation/land-use interaction are introduced. The most significant fundamen
tal change proposed by the various alternatives is to require proper consideration 
of transportation needs (as well as other elements of the infrastructure) prior to 
the actual land development New concepts which are surely to be tested and 
eventually evaluated by the courts include impact zoning and demand-based and 
supply-based methodologies 

The findings of this research were not sufficient to answer the question of who 
has the responsibility for making customization occur The U.S Department of 
Transportation (USDOT) is in a strong position to foster this effort through guide
lines and official memorandums It should act as a catalyst rather than a direct 
monitor. State departments of transportation (SDOTs) are strong participants in 
the planning process in almost every state and might be given a charge to see that 
the flexibility of customization occurs in each transportation planning effort but 
given broad latitude to vary the responses. It would be pointless to allow a different 
kind of rigidity to come out of this effort 

Research on recommended procedures of the urban transportation planning 
(UTP) process is presented at four levels of customization. Each level is presented 
in terms of the community's problem, the time frame, possible simplifications that 
can be made, and a framework for decision making. 

The travel forecasting techniques advanced have been selected to reflect the 
various scales of transportation needs and resource capabilities typically encoun
tered in smaller urban areas. Recommended procedures also recognize the differ
ence in time horizons ( i e , long range versus short range) and the variation in types 
of impacted areas (i.e., broad geographical areas with network implications, iso
lated travel corridors, localized impact areas like major streets, or intersections 
abutting a proposed activity center) The proposed procedure requires that proper 
attention be given to stratifying the transportation problem and using, where appro
priate, simplified procedures such as categorical trip analyses, trip rates, and growth 
factors. The decision to select a particular analysis technique should be based on 
the following considerations 

1. Sensitivity of the forecasting procedure to the underlying transportation-
related issues. 

2. Ability to provide results meaningful to the decision maker. 

3. Compatibility with the degree of sophistication and time requirement 
appropriate for a smaller urban area. 

4. Availability of data and other informational and computational facilities. 

5. Availability of manpower and technical expertise. 

INTERPRETATION, APPRAISAL, AND APPLICATION 

The research identified four levels of analyses for consideration toward solving small 
urban area transportation planning problems as (a) network simulation, (b) small-
area transit planning, (c) corridor analysis, and (d) localized traffic impact. 



Network Simulation 

The research attempted to show how a variety of simplified techniques might fit into 
the network procedure when appropriate for small urban transportation problems. 
Techniques were applied and evaluated on a limited sample of cities. These findings 
are more a matter of applying simplification to portions of the conventional process. 

Research into the alternative approaches of trip generation are presented and 
evaluated. Savings in terms of time and cost due to the use of borrowed models are 
significantly large in the case of the simplified procedures, with a possible dis
advantage of a lesser relative accuracy. However, as demonstrated in the case study 
reported in Appendix F, synthetically developed trip-generation models of various 
trip purposes, as well as the models based wholly on actual origin-destination (O-D) 
data for a study area, are all subject to considerable error in duplicating traffic 
volumes on the transportation network. 

Because no significant advantage accrues to any particular technique from the 
standpoint of accuracy, it is recommended that disaggregate household models be 
used for trip-production estimates. The advantage of such models in terms of data 
requirements and adaptability to varying zonal schemes and behavioral modal split 
analysis makes them ideally suited for the continuing transportation planning 
process. 

Synthetically developed models usually are verified on the basis of the results 
of traffic assignment and, unless some information on the trip-generation and 
-distnbution pattern is available, the causes of discrepancies are difficult to identify. 
I t is further recommended that a small-sample home-interview O-D survey be con
ducted with approximately 300 households carefully selected to provide an ade
quate representation of the household types used in the tnp generation and modal 
split models. In addition a limited external O-D survey covering only the heavily 
traveled routes and an analysis of special generators should be performed not only 
to enhance the reliability of the models but also to provide valid data bases for 
continual surveillance and updates. The new and existing schemes for the periodic 
reappraisal of an adopted plan were discussed, and a simplified technique based on 
work trip surveys was presented as an alternative to the regular network simulation 
procedure. The method is valid and can be extremely cost effective for those areas 
where car pool surveys are being conducted. 

Small Urban Area Transit Planning 

Considering the potential changes in small urban areas, the transit planning ap
proach to be used in these areas should be short-range oriented and yet the signifi
cance of long-range planning must not be overlooked. 

One of the key elements in the development of long-range transit plans is the 
mode choice analysis and the prediction of future transit use. In the case of small 
urban areas, the uncertainties associated with mode choice predictions are large and 
must be recognized explicitly m the long-range planning process. 

The short-range transit planning approach m small urban areas must go beyond 
the traditional emphasis on operational improvements of the existing transit system 
to utilize a consumer-oriented planning approach The consumer-oriented approach 
attempts to recognize the variety of demand for public transit The procedure 
includes the delineation and a preference survey of transit market segments, the 
identification of potential transit system alternatives for each segment, and a feasi
bility analysis. Markets can be identified in towns for both discretionary and non-
discretionary travel of different population groups to particular activity centers. The 
stratification and identification of population groups can be based on certain socio-



economic and/or demographic data such as age, income, and occupation. Com
puter graphic techniques can be useful to display the stratification. 

I t must not be overlooked that the demand estimates based on questionnaires 
are approximations and the expressed preferences help frame the size of a poten
tial market. A n individual's actual responses when encountering a real situation 
may not reflect the expressed preferences. The estimates may be adjusted on the 
basis of previous experience. I t must be recognized that the role of transit in a small 
urban area is a policy issue. 

Corridor Growth Techniques 

The corridor method provides a convenient way to estimate traffic demands on the 
major arteries serving each corridor of the urban area. Use of the corridor tech
nique requires that both the capacity of the available thoroughfares and the fore
casted future traffic volumes be determined for individual corndors. Comparisons 
of the street capacities to forecasted volumes then provides an estimate of system 
deficiencies. This approach may be substituted for the travel simulation procedure 
using trip generation, trip distribution, and traffic assignment models. The corridor 
growth factor method has its greatest potential when applied to small communities 
that have identified bypassable or heavy corridor traffic as an issue. 

In the application of the corridor technique, six Tennessee cities were used 
which ranged in population from approximately 11,000 to 55,000. A n over-all 
evaluation of the procedure indicates that the method provides estimates of external 
traffic with errors usually within 2,000 vehicles per day. 

The results in most corridors, except those which carry an extremely large 
proportion of through trips (external-externals) and those which serve special gen
erators, were acceptable when the external trips were factored on the basis of 
growth in county vehicle registrations. 

Localized Traffic Impact Estimating Procedure 

Specific land-use development decisions, particularly the location of special activity 
centers on the fringe of a city where the land previously was vacant or in agricul
tural use, can place special demands on the local street system. Traffic estimations 
are necessary in such cases to assess the impact of the impending land-use change 
on the local streets within a 1- to 2-mile area of influence. 

After determining the amount of trips generated from different land uses, based 
on either locally derived or borrowed trip rates, attention must be given to the 
distribution of trips over the local street system. For this purpose, attenuation 
factors are applied to represent the decay of trips as a function of distance from 
the special generator. When the distnbution of tnps to traffic zones is developed, 
manual assignments can be made to estimate the additional traffic loadings on exist
ing roads m the area. By incorporating directional splits in the trip distribution, 
intersection turning movements also can be estimated. Spot traffic improvements 
can be programmed with these traffic estimates and, in certain situations, an analy
sis of this nature may lead to the conclusion that the scale of development should 
be curtailed to better conform to available street capacities. 



CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

EXISTING URBAN TRANSPORTATION 
PLANNING PROCESS 

The 1962 Federal-Aid Highway Act required that trans
portation investments in urban areas with a population of 
50,000 or more be predicated on a continuing, compre
hensive, and coordinated ("3-C") transportation planning 
process Concern for the need to recognize the mutual 
impacts of transportation and land use was clearly ex
pressed through the requirements contained in PPM 50-9. 
(1) 

Although the guidelines were drawn with awareness of 
the variations inherent between short- and long-range 
("strategic") planning and between transit and highway 
planning, the urban transportation planning (UTP) proc
ess has tended to become both somewhat standardized and 
complex The attempt by state highway departments to 
conform with Federal policy has contributed to the uni
form treatment Contributing to the complexity has been 
the inclusion of mathematical models to forecast further 
travel demand as a function of land use, level of service, 
and demographic characteristics Federal and state support 
for modeling research by universities and consultants 
brought increased sophistication and, in many cases, mis
placed emphasis. The data required for the various simu
lation models (i e., trip generation, trip distribution, modal 
split, and trip assignment) are substantial Obtaining the 
necessary data involves as minimum requirements home-
interview origin-destination (O-D) studies, commercial, in
dustrial, and other nonresidential surveys; and an eco
nomic base study. Although computer software is available 
to carry out the task of the UTP process, small urban 
areas in most cases have neither access to adequate com
puter facilities nor the resident staff capability to effectively 
utilize the existing mathematical techniques. In addition, 
the small urban areas are limited in their financial re
sources The necessary data for the traditional transporta
tion planning process require substantial expenditures, par
ticularly for data collection. 

An addtiional aspect of the problem is the continued 
emphasis on the demand-supply-oriented evaluation of al
ternative transportation systems The standard approach to 
plan evaluation focuses on provision of transportation fa
cilities to accommodate future travel demand, thereby be
coming increasingly less sensitive to other issues confront
ing transportation planners in both large and small urban 
areas Included among these issues are environmental, so
cial, and economic concerns in addition to alternative urban 
development strategies. Given the need to provide rela
tively rapid responses to the questions raised by local of
ficials and the general public, along with the objective of 
analyzing all viable alternatives, including their impacts, 

planners find great difficulty in fully exploring the range 
of relevant policy issues. 

Although the ten elements outlined in PPM 50-9 have 
been accepted and adhered to by practicing transportation 
planners, it is reasonable to question the adequacy of sim
ply extrapolating conventional 3-C planning techniques to 
small urban areas The characteristics of the problems, as 
well as their solutions, for large and small urban areas differ 
significantly. This raises doubt whether the planning pro
cedures designed primarily for large areas are equally 
applicable to smaller areas 

Simplification 

In establishing a strategy to deal with small area transporta
tion planning, a hypothesis has been advanced by the 
NCHRP that community size is a key determinant in the 
level of transportation planning effort and that, for small 
areas, simplified or short-cut procedures are sufficient. 

Simplification as a concept can be interpreted in more 
than one way To some, simplification has implied a re
duction in data requirements, the use of less sophisticated 
models, and a reduction in the complexity of the analysis 
and its reliance on large-scale computer-oriented network 
procedures (2) while maintaining a highly structured traffic 
estimation procedure. Others have viewed simplification as 
an opportunity to sensitize the highly structured technical 
process to a range of transportation issues while encourag
ing more participation of nontechnical professionals Each 
concept will be discussed. 

Simplification in Data Collection and 
Modeling Procedures 

The exploration of a simplified transportation planning 
process, which retains the basic structure of the conven
tional long-range and facility-oriented systems planning, has 
focused on developing traffic-estimating models that mini
mize the need for current travel data Particular emphasis 
has been given to calibrating trip-generation and trip-
distribution models capable of replicating internal travel 
patterns, implying less reliance on the costly and time-
consuming internal home-interview O-D survey (see Ap
pendix D) 

For situations in which conventional models will not 
work, three strategies have been devised to reduce the time 
and cost required to estimate internal-internal travel 
patterns. 

1 Eliminate the home-interview O-D survey by borrow
ing trip-generation and trip-distribution information from 
other transportation studies for which such data are avail
able {3, 4,5). 

2 Reduce the size of the home-interview O-D survey 



from the recommended 12.5- to 20-percent sample to a 
1- or 2-percent sample {6,7, 8). 

3. Develop disaggregated trip-generation models that 
utilize the household as the level of aggregation rather than 
the zone (9 ,10,11) . 

An extensive literature has developed which reports on 
short-cut procedures and tests performed in smaller urban 
areas to verify the simplification procedures discussed 
above. Some consensus is being reached. I t has been 
found that alternatives to conducting an extensive home-
interview O-D survey provide a reproduction of internal-
internal trip patterns suitable for the transportation deci
sions required m small urban areas. Yet there are draw
backs The use of borrowed information requires that 
various adjustments be made to calibrate a model for a 
particular city by reconciling the synthesized trips with 
observed volume counts and screenline checks (4). The 
testing of synthetic models has not progressed to the point 
where it is possible to relate consistency in errors to the 
population size of urban areas or to some other socio
economic or travel characteristics The savings from syn
thesizing the internal trip pattern are quite substantial 
although this advantage must be weighed against the fact 
that synthetically derived models can not match the re
liability of studies based on traditional internal home-inter
view surveys. Yet it is not clear exactly when the benefits 
of simplification must be sacrificed m favor of capability 
of responding to system complexities and the unique char
acteristics of an urban area's trafiic problems. 

The concept of small-sample surveys has become more 
popular with the use of disaggregate models for trip gen
eration, which are not dependent on large samples. These 
cross-classification models relate trip-making to the char
acteristics of households or land uses, and they show 
promise for providing trip-production and -attraction rates 
that could have broader applicability. The generation rates 
are used to obtain aggregated trip estimates at the zonal 
level through the use of household or land-use estimates 
classified by appropriate categories. 

Simplification in Structure of Planning Process 

Concerns have been voiced regarding the effectiveness 
of the process in dealing with pertinent issues and time 
frames in preparing alternatives for evaluation by decision 
makers (12). Reliance on complex networks and com
puter programs has resulted in a process difficult to manip
ulate and analyze, particularly so for nontechnical partici
pants. The modeling process itself does not address many 
of the short-range policy-oriented decisions closely aligned 
with implementation Considering the lack of technical 
expertise in transportation planning available to a small 
urban area, simplification in the structure of the planning 
process can encourage local input and the ultimate ac
ceptance of the plan. (13, 14) 

Establishment of a simplified process, which is more 
design oriented and also permits transportation and land-
use plans to be developed and evaluated simultaneously, 
has been proposed for small areas. (2) The emerging 
process is based on a noncomputer-oriented procedure that 

relies on synthesized trip generation and trip distribution 
relationships for conducting variable-scale analyses rang
ing from preliminary reviews to detailed traffic assignments. 

Experience to date indicates that m most cases sim
plification has been approached by shortcutting existing 
network-oriented system planning procedures with little 
devotion to simplifying the structure of the planning 
process. 

PROBLEM STATEMENT 

The current research has progressed through several itera
tions of the project statement. Originally the research 
problem statement was: 

Urban transportation planning studies in urban areas 
of less than 250,000 population have evolved as miniature 
versions of the transportation planning process m large 
urban areas. These studies are time consuming and costly 
and have inordinate data requirements The complexity 
and expense of these procedures are of increasing con
cern to highway officials because of the need to establish 
on-going, continuing transportation planning processes in 
small urban areas 

The investigation was to consider both requirements of 
the planning process and data requirements and to take 
advantage of recent advances in the understanding of 
travel behavior, dwelling unit analysis, and increased 
census data. Six tasks were identified: 

1. Based on the current state of the art, determine the 
explicit minimum output of the planning process 

2. Identify significant variables and relationships that, 
conceptually, should be considered 

3. Select and develop methods to describe and predict 
the desired outputs, utilizing to the fullest extent possible 
the available data from public and private agencies. 

4 To the fullest extent possible, demonstrate the effec
tiveness of the methodology in the analysis of typical 
problems and its ability or inability to provide desired 
outputs. 

5. Specify the requirements of a procedural manual and 
appropriate computer programs. 

6. Make recommendations for additional data for veri
fication of the recommended process 

A heuristic approach was developed that provides for 
learning from each reviewer's critique and from each re
searcher's input The researcher's original interpretation of 
the stated objective evolved into a six-part work program: 

1. Establishment of the nature of required planning 
process 

2 Inventory and evaluation of existing and proposed 
procedures. 

3. Development of land-use and transportation planning 
models. 

4. Model tests 
5. Recommendations for further tests. 
6 Development of detailed outline for procedural man

ual of total transportation planning 

It was assumed that the pursuit of the first two tasks 
would give rise to new concepts that might alter the re-



maining tasks. Where deviations from those tasks are made, 
a justification for the change is presented. 

Social and community value factors were purposefully 
omitted from consideration in the work program because 
they are discussed elsewhere.* 

RESEARCH PROGRAM 

The research team, not unlike others in a similar situation, 
had preconceived ideas of what was needed and iiow to 
proceed Although the research objectives had evolved 
over several iterations, one research task remained through
out Determination of the nature of the transportation 
planning process required for small urban areas was the 
first assignment. The results of this investigation are not 
reported as part of the findings but rather are included as 
introductory material to explain their effects in the research 
approach. 

The nature of the process required for small urban areas 
was studied through extensive literature review, in-depth 
interviews with planners and engineers, and examination 
of more than 150 plans. The professionals interviewed held 
responsible positions in either governmental or consulting 
agencies (see Appendix A ) . The discussion focused on 
the suitability of the present UTP process for small urban 
areas Of particular interest was the interviewees' re
sponses to possible adaptation of a scaled-down version of 
the present process for small urban areas 

The research was then redirected on the basis of the 
findings from the literature search, interviews, and exami
nations and evaluations of plans. An important conclusion 
that surfaced early was dissatisfaction with the basic 
premise that a uniform standardized planning process ex
ists which can be applied to all types of urban areas as well 
as projects of varying scope, and that the process, if 
strictly adhered to, will result in a uniformly effective plan
ning product. That such an assumption has been made and 
nurtured can be supported by an examination of the con
ventional wisdom as expressed in plan documents and asso
ciated procedural requirements in both transportation and 
land-use planning. 

An analysis of transportation and land-use programs 
conducted by the project staff for a cross-section of small 
urban areas revealed not only that each of the urban areas 
IS confronted with unique problems but also that the avail
able resources to meet the needs vary significantly. Al l 
too frequently the plans failed to address critical policy 
issues within the context of a comprehensive planning 
process resulting in an ad hoc, or project-by-project, ap
proach to implementation which negates the utility of the 
planning process. These basic problems are related to the 
lack of recognition of the variation in the planning envi
ronment. 

* Manheim, M L , Suhrbier, J H , Bennett, E D , Neumann, L A , 
Colcord, F C , Jr , Reno, A T , Jr , "Transportation Decision Making— 
A Guide to Social and Environmental Considerations " NCHRP Report 
156 (1975) 

Typical plan documents resulting from the transporta
tion and land-use plannmg process thus are characterized 
by standardization in terms of format, elements, and 
procedures. This uniformity of planning process and its 
product must somehow be reconciled with the existing 
multiplicity of planning environments, which can be col
lectively characterized only in very gross terms such as 
population size and geographic area. The superficial re
semblance among urban areas of a certain population or 
land area must not obscure their differences. Indeed, the 
variability of planning environment is probably the most 
important characteristic that must be recognized by the 
plannmg process. 

Rather than simplifying the conventional planning proc
ess, the research approach was focused on customization 
as a means to provide a more effective planning process 
Implicit in this customization is a flexibility not only per-
mittmg but encouraging application of plannmg tools com
mensurate with the problem Such a customized approach, 
cognizant of both the parameters of the problem and the 
resource capabilities available to respond to the problem, 
should readily lend itself to effective and efficient use by 
the participants in the planning process in small urban 
areas of widely varied planning environments 

ORGANIZATION OF THE REPORT 

This chapter attempts to identify the problem. Although 
some results are reported herein, they are briefly stated and 
included only to indicate their effects on the research 
direction. It is suggested that the most effective UTP 
process requires customization of both organizational set
ting and procedural approach based upon the problem 
definition and resource capabilities. 

Chapter Two presents findings on the organizational set
ting in addition to some amplification of findmgs presented 
earlier that affect research direction. Procedural findings 
are presented in Chapter Three Chapter Four discusses 
simplification of the customized process on the gross or 
network level and the more limited or local level. The 
customized process proposed does not lend itself to evalua
tion and application except through the use of simplified 
techniques. Unfortunately the results of the testing reflect 
more on the total research effort than on the simplified 
techniques selected for inclusion in the process. 

Chapter Five presents conclusions and suggestions for 
future research. The details of the various applications are 
presented as Appendices A through G for those inclined 
toward a more in-depth review. 

The report is written to meet the needs of small urban 
area department personnel, especially those with the various 
state departments of transportation (SDOTs), who have 
progressed to positions of responsibility for planning in the 
small urban areas after baccalaureate training in engineer
ing, planning, or related disciplines. 



CHAPTER TWO 

FINDINGS: ORGANIZATIONAL FRAMEWORK 

INTRODUCTION 

Much of the current organizational framework for trans
portation planning reflects national conditions that existed 
when the planning process was first being applied broadly. 
The 1950's and early 60's gave rise to a need to promote 
the preparation of plans and to overcome the historic ten
dency to engage m piecemeal project-onented efforts. The 
shortage of personnel who were expert in plannmg tech
niques made it necessary to promote sound technical prac
tices through the use of guidelmes. As experience was 
gained it was natural for agencies and personnel to fall into 
routine patterns of behavior. Conditions have now changed 
to such an extent that the routines are no longer responsive 
to current needs There are large numbers of technical per
sonnel available, even among fairly small units of govern
ment. Most communities now have some track record in 
their acceptance and use of planning and have now been 
through the preparation of comprehensive plans one or 
more times. 

Current conditions require that the organizations re
sponsible for delivery of transportation plaiming services 
to small communities be more responsive to current cir
cumstances and needs. The ability to tailor technical pro
cedures to local needs will often require the ability to tailor 
organizational roles and responsibilities as well. Agencies 
and their personnel should be viewed as resources to be 
used selectively in responding to local needs. The problems 
of organization have been identified as (a) recognition of 
the variety of planning environments and the need to match 
resources to the nature of the problem, and (b) recognition 
of the variety of expectations of the many participants in 
the planning process. 

Variety of the Planning Environment 

Components of the planning environment generally may be 
classified into two groups: (a) those elements indicative of 
the type and magnitude of the platming problem(s), and 
(b) those elements that influence the resources of an urban 
area to solve the identified problem(s). 

The elements that serve to describe the problem charac
teristics of an urban area may be categorized as: 

I . Scale. The areal delineation for which planning is 
bemg conducted can range from that for an entire urban
ized area to that of a small neighborhood. The usual hier
archy of scale related to urban planning is: 

(a) Regional—a term which can refer to river basins 
or large multistate areas that have in common 
some resource, problem, or other feature defined 
by an agency responsibility. The term can also 
refer to an area that includes a definable metro
politan/municipal area in addition to outiying 

areas associated by economics or physical ties. 
The latter case is usually associated with trans
portation planning. 

(b) Urban—an area whose boundary is based strictly 
on demographic and economic characteristics and 
is not limited by administrative or political juris
dictions; generally includes the central city, its 
fringe areas, and the outlying suburban areas 

(c) Municipal—an area included within the defined 
admmistrative boundary of a municipal govern
ment. 

(d) Corridor—the linearly oriented service area of 
major transportation facilities. 

(e) Sub-areal unit—an area that includes a well-
defined local activity center such as a neighbor
hood or special generator. 

2. Purpose. The rationale for a particular planning effort 
can range from developing broad guidelines for long-range 
developments to finding the solution to a specifically de
fined problem or need. The purpose of planning is closely 
related to its scope and can be classified as follows-

(a) Conceptual overview—the "broad brush" or 
sketch plan to broadly outline policy alternatives. 

(b) Over-all system plan—the traditional compre
hensive plan to guide a city's future development 
with transportation being recognized as a key 
factor or a strongly interactive one. 

(c) Implementation of over-all system plan—a spe
cific programming element such as the capital 
improvement program (CIP) or fiscal plan. 

(d) Solution for specific problems—planning of a 
specific project, which is only a part of the over
all system. 

3. Time frame. The temporal limits of planning gen
erally range from long-range planning to planning for im
mediate needs. The common categories of time frame 
include-

(a) Long-range planning—generally concerned with 
a time period 20 to 30 years in the future. 

(b) Short-range planning—focuses on the next 5 to 
10 years 

(c) Planning for immediate needs—makes recom
mendation for projects that would be imple
mented immediately 

4. Level of detail. The degree of specificity to be in
cluded in the recommendations usually ranges from rather 
general descriptions to precise specifications for location 
and capacity The level of detail varies with the scope of 
planning. 

(a) System planning—includes a general description 
of the entire system and its components with pos
sible location of facilities bemg based on network 
considerations 
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(b) Corridor planning—recommends the prelimmary 
location and functional details of facilities; in
cludes an evaluation of alternative locations and 
designs. 

(c) Project planning—includes detailed specifications 
and preliminary geometries. 

Whereas the elements discussed are helpful in depicting 
the nature of the problem, they describe only a part of the 
planning environment. The picture of the planning envi
ronment is not complete without knowledge of the avail
able resources to meet the challenge of planning. The ele
ments significantly related to the capability of carrying out 
an effective planning process include: 

1. Institutional arrangements. The distribution of re
sponsibility for carrying out the planning process may vary 
from case to case The broad categories of institutional 
arrangements are 

(a) Single-agency responsibility. 
(b) Multiple-agency responsibility: 

(1) Vertical integration (e.g national, state, re
gional, and local). 

(2) Horizontal integration (e g. transportation 
agency, land-use agency, and housing 
agency). 

(3) Vertical-horizontal mix. 
2. Personnel The sources of manpower for the execu

tion of planning projects may be different and thus the 
capability of a planning team may vary significantly. Gen
erally, the planning personnel may be classified as: 

(a) Resident-technical: 
(1) Multiskilled. 
(2) Specialized 

(b) Consultant-technical (includes both private con
sultants and consultants provided by other levels 
and agencies of government). 
(1) Multiskilled. 
(2) Specialized 

3. Other resources and constraints. In addition to the 
institutional and personnel characteristics, other factors 
may affect the ability of local government officials to carry 
out the planning process effectively. 

(a) Technical/political coordination 

(b) Financial resources. 
(c) Other goals and priorities. 
(d) Availability of effective land-use/transportation 

implementation tools and enabling legislation. 
(e) Facility resources (computers, etc.). 

An understanding of the variety of problem characteris
tics and available resources for planning facilitates the 
adaptability of the planning process to the specific needs 
of the urban area in question. The recommendations, 
rather than being carved from a standardized package, may 
be tailored to the unique set of conditions which exist in an 
urban area at a particular time. As shown in Figure 1, 
identification of the scope of the planning problem and 
assessment of available resources must precede definition 
of the appropriate level of planning. 

Variety of Expectations 

Another important aspect of the planning environment 
deals with the expectations of the participants in the plan
ning process. Interviews with selected individuals repre
senting samples of the participants in the planning process 
have confirmed that expectations vary significantly As the 
ultimate clients of the planning process, the residents of an 
urban area typically are interested in the recommendations 
and actions that are (a) evidenced at the project level 
rather than the program level, (b) developed with public 
participation prior to the final decision-making, and (c) di
rected to problems amenable to quick solution. 

On the other hand are professional planners who, by 
virtue of their education, training, experience, and special 
expertise, tend to profess expectations of the planning 
process that often vary from public expectations Profes
sionals typically anticipate (a) plans which would conform 
with an established pattern and (b) plans which usually 
provide only a framework for planning and problem solu
tion at the sub-areal level, though rarely including the de
tails at the project level. Finally, the expectations of the 
public decision-makers tend to be oriented toward (a) 
plans that facilitate over-all acceptance by citizens and 
other members of the local governments, and (b) plans 
that incorporate a policy framework and thus are flexible 
for adjustments. Thus the planning environment can also 
be characterized by variations in the""expectations of the 
participants. 

P«raniet«rs 
o f t h e P r o b l e n 

Resource 
C a p e b l l l t l e s 

I n s t i t u t i o n a l 
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''X> cm 
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D e f i n i t i o n o f e P l a n n i n g Procedure 
(Customized Process) 

Figure I. Elements of the planning environment 

BASIC ORGANIZATIONAL ISSUES 

Consider, for example, the responses of a SDOT to two 
requests for planning services. Both requests come from 
cities of approximately 50,000 people and are made to the 
same agency at the same time. Both ask for state assist
ance in the formulation of a transportation plan. Com
munity A IS a well-managed city with a small but compe
tent city planning staff. There is a history of commitment 
to long-range land-use planning. Although the request is a 
general request for a transportation plan to complement a 
developing land-use plan, investigation shows that there is 
widespread concern about (a) identifying the potential 
demand for major arteries m certain fringe areas that are 
sensitive because of environmental and historical features 
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and (b) identifying locations for those arteries if they 
are needed. Community B depends on consultants for tech
nical assistance to its planning commission. The one local 
planner devotes almost all his time to day-to-day matters 
of zoning and subdivision control. The motives for the 
request are to help justify the need for state-financed im
provements to the highway network, giving special atten
tion to improving accessibility of existing and proposed 
industrial sites. There would be a strong tendency for state 
DOTs to respond to both requests by the preparation of a 
relatively standardized plan using standard procedures. 

In this example, the city planning staff of Community A 
might be called on to provide the ful l range of socio
economic inventories and forecasts for input mto the trans
portation models. In Community B, these tasks might best 
be carried out by the SDOT or by the consultant who pre
pared the last over-all community plan. Typically, the same 
procedures and agency relationships would be imposed in 
both cases. This is a simple example, but it suggests the 
point of view that would be brought to the process. The 
application of that point of view would then lead to other 
variations. In Community A, for example, special citizen 
committees might be appointed to assist the staff in iden
tifying the location and political sensitivity of historic areas. 

In Community B, the planning commission might be asked 
to clarify the need for an over-all transportation plan. I f 
improving access to an industral area is the only real con
cern of local officials, the planning effort might be limited 
to a small corridor study with the SDOT handling all the 
technical work but reviewing the plan against a previously 
adopted over-all community plan. Table 1 illustrates how 
the variations in agency roles might proceed. 

The agency preparing the transportation plan would be 
required to consider the question of what data would be 
provided and who would best provide it. Interviews among 
existing agencies have shown a tendency to assume that the 
answers to such questions would be the same in any com
munity and with respect to any planning problem. I t is not 
to be denied that there would be recurring patterns and 
that the same answers might occur in a majority of the 
cases. But in the example described previously the answers 
would not be the same. Here a particular set of data would 
be provided by the SDOT itself in one case and by the local 
community m another case. Such differences occur with 
sufficient frequency to justify an examination of the ques
tion each time the planning process is undertaken. I t is not 
reasonable to depend upon the initiatives of individual per
sonnel to assure that the right questions are asked. Instead 
a definite agency behavior pattern must be established in 

TABLE 1 
CUSTOMIZED ORGANIZATION ILLUSTRATED 

TRADITIONAL SEQUENCE 
OF ORGANIZATIONAL 
CONTACTS 

C O M M U N I T Y A 
ORGANIZATIONAL 
CONTACTS SEQUENCE 

C O M M U N I T Y B 
ORGANIZATIONAL 
CONTACTS SEQUENCE 

1. Community requests 
transportation plan 
of SDOT 

2. SDOT reviews request 
with local public 
officials and planning 
commission. 

3 SDOT prepares plan 
using socioeconomic 
data prepared in-house. 

SDOT presents standard 
20-yr network plan to 
public officials and local 
planning commission for 
adoption. 

1 Community requests 
transportation plan 
of SDOT. 

2 SDOT reviews request 
with local public 
officials and planning 
commission. 

3. Citizen committee 
prepares study of historic 
sites with staff assistance 
from state historic 
committee. 

4. SDOT prepares corridor 
study with socio
economic data from 
local planning staff. 

5. SDOT presents draft 
plan to planning com
mission and historic 
committee for review. 

6. Local planning com
mission presents plan to 
public officials for 
adoption. 

1 Community requests 
transportation plan 
of SDOT. 

2. SDOT reviews request 
with local public 
officials and planning 
commission. 

3. State industrial board 
and local business com
mittee prepares study on 
potential for industrial 
growth. 

4. City planning 
consultant prepares 
report on potential 
industrial sites 

5. SDOT prepares study of 
access to alternative 
industrial sites 

6. SDOT, planning com
mission, and officials 
agree on industrial sites 
to be developed. 

7. SDOT and local officials 
program work on access 
to industrial sites. 
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which the planning process begins with an open-minded 
design of the procedures and agency relationships to be 
followed A study design element in the planning process, 
as suggested in the recommendations, would be very 
beneficial. 

The preceding situations are intended to represent neither 
the breadth nor the depth of problems which are receiving 
inadequate response from the traditional planning process. 
Hundreds of situations would be required to portray the 
entire range of problems encountered in small urban areas. 
They are intended, rather, to emphasize the need for the 
application of the planning process in such a way as to 
effectively link problem elements with available problem-
solving resources. 

COMPONENTS OF THE ORGANIZATIONAL FRAMEWORK 

Agency Relationships and Roles 

One means of developing an overview of the roles of the 
several agencies involved is to examine the vertical and 
horizontal relationships between and among these agencies, 
which are shown in Figure 2 Vertical relationship refers 
to those contacts, both formal and informal, which occur 
between an agency at a higher level and an agency con
cerned with the same functions at a lower level Horizon
tal relationship refers to contacts between agencies at the 
same level of government Contacts may also be made 
diagonally, as between a SDOT and a municipal planning 
commission. 

Vertical relationships tend to be highly structured and 
long term Horizontal relationships can be structured 
through contracts or agreements but they tend to be ad 
hoc and of short duration. Diagonal relationships tend to 
be less frequent, ad hoc, more specific-task oriented, and 
of shorter duration. 

The formal relationships among the different kinds of 
agencies vary from state to state State legislation and 
formal agency agreements give stability to the relationships. 
But there is a tendency to accept the relationships among 
agencies as being more fixed than they need to be. This 
tendency reflects custom and habit, not necessity Some 
stability in relationships is necessary, but rigidity is un
necessary and sometimes counterproductive 

Coordination 

One apparent problem within the planning process is the 
coordination of planning efforts Coordination is made 
necessary by the variety of planning agencies and actors 
reacting to various kinds of planning problems The inter
views conducted in this research indicate that a reasonable 
degree of coordination is achieved in vertical relationships 
among agencies through such things as program guidelines 
and funding regulations. The major problems are apparent 
in the horizontal relationships among different agencies 
involved in the same community or planning process 

The deficiencies of the OMB's A-95 review process * 
provide one example of the difficulties of horizontal coordi-

* "What I t IS—How I t works " Circular A-95 Revised, Office of Man
agement and Budget, Washington, D C , G P O (I97I) 

nation. The state agencies assigned the clearinghouse func
tion have tended to view the review process as a federal 
requirement rather than a method to increase their effec
tiveness. Thus, the review process often has a perfunctory 
rather than a substantive effect. Proposals should be re
viewed by all affected agencies and cleared through an 
independent office that has no stake in promoting a par
ticular project. A central state planning office would be a 
logical place if it has developed a meaningful set of over
all state plans and strategies 

Horizontal coordination may also falter unless it is ac
tively encouraged by agencies Each agency tends to de
velop Its own way of doing things and rewards employees 
for their allegiance to the prescribed patterns of agency 
behavior. In this environment, technical personnel may 
find their own agency supervisors to be the chief impedi
ments to effective coordination with other agencies. This is 
especially true when custom requires clearing any non-
routine activity through the vertical chain of command 
rather than allowing direct horizontal contact among tech
nical personnel in different agencies. I t is not the intent 
to suggest that situations have frequently been found where 
one agency actively prevents its personnel from interacting 
in a coordinated fashion with personnel from another 
agency. What has been found is an absence of the ad
ministrative atmosphere, which promotes such coordina
tion in a flexible and innovative fashion. 

Coordination is an issue which must be considered in 
any attempt to make the planning process more responsive 
to the needs and expectations of the public and the de
cision-makers What IS being recommended is that each 
effort of an agency to respond to request for planning 
services be approached with a fresh and open attitude to
ward coordination and an attempt to explore the possibili
ties and needs for coordination before the assignment of 
responsibility and technical tasks is firmed up to the point 
of inflexibility 

Participants in the Process 

The diversity evident in the organizational arrangements is 
compounded by the differences among those who serve and 
are served by the agencies involved in the transportation 
planning process. People differ in their views and contri
butions to the planning process, not because of the or
ganizational setting, but because they bring different skills 
and objectives to the process Most participants fall into 
one of three classes—politicians, technicians, or citizens. 

Politicians interpret public sentiment, formulate goals, 
and establish policy As decision-makers they exercise judg
ment of the broadest kind, balancing technical studies 
aganist public opinion or establishing priorities among 
proposals competing for limited public funds. 

Technicians are fact finders, analyzers, and plan formu-
lators. They are influenced by their training and the opin
ions of their professional peers in developing approaches 
to problems Technicians have been accused of writing 
reports to impress other technicians instead of writing 
reports to inform and influence decision-makers. 

Citizens act alone or through organized groups They 
act alone, usually, to respond to a particular project that 
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will affect them directly, supporting or opposing a project 
because they feel it will help or hinder them directly. They 
act m groups (such as garden clubs, neighborhood associa
tions, the Sierra Club) because of a shared point of view 
on some issue, topic, or area. 

The way in which participants respond to situations is 
not always consistent with a particular role (i.e, a person 
may act in two roles). The bureaucrats in upper levels of 
state transportation departments, for example, often act 
largely on a political basis even though their language 
reflects their technical background and agency affiliation. 
Planning commission members are citizens required to act 
on behalf of the public interest, but they often mix techni
cal and political elements in their decision-making process. 

Expectations of the Decision-Makers 

Discussions with local officials uncovered a substantial 
amount of frustration about the difference between the 
expectations these decision-makers have and the products 
they receive from the planning process. This reflects the 
fact that decision-makers are often allowed to hold highly 
unrealistic expectations which are not challenged or ad
dressed by technical personnel at a point when they could 
be altered. It also reflects the fact that the planning process 
and plan documents produced by various agencies do not 
address the issues uppermost in the minds of local decision
makers. 

Local public officials are inclined to have higher expecta
tions when dealing with an agency, such as a SDOT, having 
the power to implement its plans as well as the power to 
develop plans. A SDOT is able to generate support and 
high levels of expectation in part because of past successes 
in implementing transportation plans. In addition, the pres
ence of a large body of technical expertise and data re
sources contributes to a high level of local expectations. 

When representatives of planning consultants or agencies, 
whether oriented to land-use planning or transportation 
planning, make initial contacts with local decision-makers, 
a tendency exists to sell the capabilities of the agency rather 
than candidly explain the limitations of public resources, 
agency expertise, and the planning process. There is a 
tendency to allow local public officials to believe that their 
highest expectations can be met. This places a substantial 
burden on the entire planning and implementation process. 
It creates a strong likelihood that the expectations will not 
be met and that the credibility of the process will be com
promised in such a way as to decrease the fruitfulness of 
future planning efforts 

CUSTOMIZATION 

Nature of Customization 

The discussions in the preceding sections focused on the 
incompatibility of the existing standardized procedures for 
transportation and land-use planning with the possible 
variations in the nature of problems, available resources, 
and expectations of the participants. The scope of variation 
and thus the seriousness of the incompatibility of the plan
ning procedure is particularly true for small urban areas. 
Interviews with the elected public officials in small cities 
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and with local and state planners and a planning con
sultant as well confirmed their dissatisfaction with the 
stereotyped procedures and revealed an expressed lack of 
trust in the "comprehensive plan " Such a response usually 
is followed by an ad hoc decision-making approach, which 
defeats the goals of systems planning. 

The problems and responses encountered in small urban 
areas typify the difficulty of attempting to adapt the plan
ning problem to the planning process, rather than fitting 
the process to the specific problem. For example, the loca
tion and timing of the development of bypass facilities is 
cited frequently by local officials and consultants as an issue 
in which the local officials have been given little oppor
tunity to provide their input, and for which insufficient 
information is made available concerning social and eco
nomic impact of the proposed facility on the urban area 
Such a response may not be justified in many cases; how
ever, it confirms the assertion that the needs and expecta
tions of the participants must be given adequate attention 
in order to carry out a successful planning process. 

Effective citizen participation requires public interest, 
knowledge, and comprehension of the issues at hand. Plan
ning professionals, rather than dismissing citizen input as 
uninformed and irrelevant, should strive to facilitate the 
citizens' comprehension of the full range of issues being 
considered in a particular planning program. 

It can be argued that the customization process involves 
extra work, that it is contrary to the notion of simplifica
tion. I t IS true that a customizing process requires addi
tional work at the beginning of the planning process. How
ever, customization often yields either a reduction in the 
required volume of technical work over-all or an improve
ment in the chances that standard technical work is imple
mented, or both. The planning process and organizational 
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structure would not be completely new in each plaiming 
job, but each planning effort would begin with an attempt 
to identify the best organizational structure for that job. 
The real question then is. "What are the important ques
tions to be asked in examining the organizational struc
ture?" The basic criteria for assigning tasks to agencies are 
efficiency and effectiveness. 

The concept of efficiency deals with the question of what 
organization can produce a given unit of work at the least 
cost. Put more formally, a statement of efficiency might be 
written in terms of a quality or quantity of output gained 
as a result of a given input of resources. Costs include 
expenditures of money but are not limited to that. Costs 
may include the amount of time required, or the commit
ment of personnel needed for other tasks, or they may be 
stated in terms of political costs. Efficiency should always 
be considered in the assignment of various task responsi
bilities to particular agencies. 

The other major factor to consider m assigning agency 
responsibility is effectiveness. Effectiveness stresses the 
quality of the work being done. "What agency or combina
tion of agencies is likely to produce plans with the highest 
likelihood of effective implementation?" To answer this 
question there must be some inquiry into the awareness 
of local needs and the sensitivity and ability of various 
agencies in addressing those needs. The field interviews of 
this investigation suggest, for example, that agencies that 
lack implementation powers, such as regional planning 
agencies, may be less efficient over-all because they are so 
far removed from the key political decision-makers. 

The concepts of efficiency and effectiveness cannot be 
entirely divorced from one another. It may be that the 
assignment of responsibility that is most efficient m terms 
of the use of technical expertise and rapid production of 
a planning product is not necessarily the most likely to 
achieve implementation of a viable plan. I t was found that 
the use of a centralized planning team at a high level of 
government, such as a SDOT, tends to be most efficient m 
producing a coherent and technically competent plan m the 
shortest possible time with the least expenditure of funds. 
The results of the interviews also suggest, however, that the 
centralization of these technical tasks tends to remove them 
from intimate contact with local decision-makers and 
thereby reduces sensitivity of the technicians to the pe
culiarities of the locality, which reduces the chances of 
implementation. In many instances the development of 
standardized checklists or procedural guidelines has been 
misconstrued to imply efficiency rather than uniformity. 
Persons interviewed suggested, indirectly, that the most 
effective plans in terms of compatibility with political de
sires and chances of implementation actually may be less 
efficient in the use of time and money resources and less 
technically sophisticated. 

Guideline Concepts for Customizing Organizational 
Responsibilities 

The notion of customizing the organizational arrangement 
in which planning is conducted precludes the formulation 
of set answers to all questions that may be raised. What 

follows IS an attempt to identify certam basic concepts that 
are applicable to any customizing effort as guidelines to
ward fruitful use of the customized approach. 

Matching the Effort to the Needs 

The initial contact between the planning agency, or agen
cies, and public decision-makers is critical. Planning work 
is often done in response to a specific request from a public 
official or legislative body. Planning should result in an 
examination of precisely what is the local perception of 
issues and needs as well as the evolution of an agreement 
between the planning agency and the decision-makers as to 
the most fruitful platming approach and the kinds of de
cisions that can be expected to flow from it. This may often 
mean that the planning agency responds in traditional ways 
with traditional kinds of long-range comprehensive plans, 
but such responses occur only when they are appropriate 
to the problem and the expectations of the decision-makers. 
In other circumstances, the planning agency might engage 
in a limited planning effort. The limitation could take the 
form of a more specific short-range plan, a plan addressed 
to specific client groups within the community, such as the 
elderly or the poor, or a plan concentrating on specific 
areas within the community. In this situation, reduction 
of the scope of the plan could result in a substantial re
duction in the amount of data required and in the dollars 
spent on the project. 

An important concern in this process of establishing 
initial contact is to maintain a comprehensive or holistic 
view of the community. In situations where the plan con
centrates on a specific area of issue, the approach should 
not be entirely piecemeal in nature or devoted to one con
cern to the exclusion of all others. It is not suggested that 
plannmg agencies give up the effort at comprehensive 
long-range planning, which has been developed at such 
great costs in the past years. But over-all efforts may not 
have to be repeated with great frequency or they may not 
need to be done in great detail in order to respond to a 
specific issue. Such over-all plans can be made in a much 
more cursory fashion in order to determine whether or not 
a specific transportation issue or element is compatible with 
long-range over-all plans 

Matching Tasks to the Availability of Resources 

Customization of the organizational framework should 
match the assignment of procedural tasks with agencies 
having the necessary resources to best carry out those pro
cedures. Assignments will not always be the same, but will 
vary over time accordmg to the specific resources and 
workloads of various agencies. The resources that must 
be considered m this determination include the availability 
of personnel who have the appropriate techmcal expertise, 
the availability of funds to pay for the necessary pro
cedures, and the appropriate time flexibility. There must 
be flexibility m shifting the work to the then-current best 
qualified agency. 
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Keeping the Technical Work Visible to Implementers 

One of the persistent complaints among public officials in 
small communities is that the technical work is so far re
moved from their observation that it is presented to them 
in the form of a finished document with which they have 
little identification and understanding. Planning and design 
are the culmination of a multitude of decisions made at 
various points of a continuum. Some of these are so tech
nical as to be far removed from the interest or competence 
of the local decision-makers, but many are not. The local 
decision-makers need to be educated to the maximum ex
tent possible in the implications of the technical work as it 
proceeds in order to evaluate and possibly support the 
recommendations which come from the technical work. At 
the same time, the close interaction between local public 
officials and technical personnel during the planning process 
can modify the actions of technical personnel in such a way 
as to make their recommendations more sensitive to politi
cal subtleties in the community and thereby enhance the 
chances of implementation. 

Making Customization Occur 

The findings of this research are not sufficient to provide 
a firm designation of responsibility for making customiza

tion occur, but some observations can be made. The 
USDOT IS in a strong position to foster this effort through 
guidelines and official memorandums. It should act as a 
catalyst rather than as a direct monitor. SDOTs are strong 
participants in the planning process in almost every state 
and might be given a charge to see that customization 
occurs in each transportation planning effort while being 
given broad latitude to vary the responses. This would not 
mean that the SDOTs would be responsible for all tasks. 
On the contrary, the findings of this chapter indicate that 
all possible work should be assigned to regional or local 
agencies which are closer to the decision-makers. The re
sponsibility of the state would be to see that careful atten
tion IS given to the issues. Figure 3 shows how the assign
ment of organizational responsibilities might be conducted 
in each community. 

It would be pointless to have a different kind of rigidity 
come out of this effort. In the long run, the customization 
process will be dependent on its broad acceptance as an 
operating premise by personnel at all levels and in many 
kinds of agencies To be successful, customization must not 
be limited to state and Federal actions but must filter its 
way down to the lowest responsible level. 

Responsib le Agency Function Prime 

Sup] 

Guii 

Plan Formulation Plan Adoption Plan Maintenance B 
(S 

o o P 

Operation 

Prime 

port 

delines 

Organization 

Data 
Analysis 
Forecasts 

Plan 

Review 

Adoption 

Evaluation 

Update 

sign 
istruction 
Lntenance 

Operation 

Figure 3. Matrix used to assign organizational responsibilities. 



16 

C H A P T E R T H R E E 

FINDINGS: LAND-USE/TRANSPORTATION PLANNING 

INTRODUCTION 

The transportation planning process requires forecasts of 
various socioeconomic and land-use data as input for travel 
forecasts. Transportation procedures use socioeconomic 
data that are ultimately dependent on land use because 
land-use patterns reflect the distribution of population, in
come levels, employment, and other socioeconomic fea
tures. Thus, land-use plans predetermine many of the fac
tors that ultimately affect the content of transportation 
plans. The mutual dependence of land-use and transporta
tion planning requires the planning strategy harmoniously 
to accommodate both activities. This chapter presents find
ings showing that customization is a desirable plannmg 
strategy that can simplify land-use and transportation 
planning activities and focus them more directly toward 
meeting community needs. 

The assessment of current land-use practice, which is 
discussed, shows that some customization already occurs 
in land-use planning. The concluding section shows how 
customization can be carried further and more explicitly 
applied to the integration of land use and transportation. 

REVIEW OF CURRENT PRACTICE IN 
LAND-USE PLANNING 

Planning is now widely accepted as a function of govern
ment. Cities, counties, townships, and other units of local 
government routinely prepare plans for the future develop
ment and redevelopment of their jurisdictions. Such plans, 
typically called comprehensive or general plans, are pre
pared under the auspices of local or regional planning com
missions. Land use has been, and is, a central element in 
such plans. 

One of the most important influences of the past 20 
years has been the "701" program (75). Section 701 of 
the Housing Act of 1954 provided matching Federal funds 
to support city and regional planning efforts. The 701 
guidelines tended to standardize community plans. The 
guidelines did not specify the procedures to be used in 
preparing plans, but they did specify the scope and con
tent of plans. These guidelines were issued in a variety of 
forms over a period of years (16). 

The inquiry into current practice included an mventory 
and analysis of 155 plan documents drawn from communi
ties of 5,000 to 250,000 people. The communities are lo
cated in 30 states with Tennessee, Alabama, Florida, and 
Kentucky most heavily represented. The plans were pre
pared by state, regional, and city agencies, by consultants, 
and by combinations of the above. Over three-fourths of 
the plans were prepared after 1967. The analysis of the 
plans was supplemented with in-depth interviews of 15 
agency representatives in Kentucky, Tennessee, Ohio, Geor
gia, Texas, and Pennsylvania. They included representa

tives of state, regional, and city agencies, and consultants. 
A special effort was made to interview professionals who 
would have broad knowledge of practices in their states. 

The analysis of plan documents shows that land-use plan
nmg in smaller communities tends to be highly standardized 
in format and content but not in procedures. Where official 
encouragement existed, plans are openly responsive to land 
needs. 

Plans reflect some investment in goal formulation but the 
statements have tended to be so general that their utility 
has been marginal. Goal formulation usually reflects little 
citizen input other than that through service on planning 
commissions or other traditional committees. The ma
jority of the plans are long range (20 years or more) and 
are reasonably consistent in data input and format. Few 
plans report on procedural methods used but all indications 
are that most are heavily dependent on manual methods 
rather than computer methods. The level of sophistication, 
reflected in such phases as the elaboration of various al
ternatives, increases with the larger population Plan analy
sis findings are presented in greater detail in Appendix B. 

Coordmation of data collection and maintenance is im
portant to transportation and land-use planning. While the 
benefits to small communities are not so obvious, they are 
nevertheless real, especially when they can be sustained and 
refined as between a SDOT and a state land-use planning 
agency. The interviews provided an opportunity to con
firm the observations on current practice and gain addi
tional insight into procedures and agency attitudes. 

Positive Aspects of Current Practice 

The presence of large numbers of community plans repre
sents a substantial information resource for the prepara
tion of other community plans now and in the future. A l 
though the individual plan documents do not make it 
apparent, isolated spot checks and the interviews strongly 
suggest that many of the conununities now have documents 
that represent a second or third comprehensive community 
plan. In such cases there is not only a current inventory 
of population, housing, land use, and economic activity, but 
also a substantial historical record of those key factors. For 
this reason, the circumstances under which comprehensive 
land-use and transportation plans are now prepared are sub
stantially different from what they were 15 years or so ago 
when the current methodologies and practices for prepara
tion of comprehensive community plans were being evolved. 
We are no longer startmg from "scratch." 

It is apparent from the review of plan documents and 
from the interviews that planning is now widely accepted 
at the local levels of government, even in the smallest popu
lation ranges, as a customary practice of local government. 
The community that has never engaged in systematic plan-
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nmg for development is now clearly the exception rather 
than the rule. The sigmficant differences m communities 
are the attitudinal differences that communities bring to the 
planning process. The substantial increase in planning ac
tivities that has occurred over the past 20 years appears to 
have been spurred significantly by the funding programs 
of the federal government and the necessity to engage in 
comprehensive planning in order to acquire various federal 
funds for local application. The federal funds available for 
a simulation of plaimmg have had their effect. 

Many communities that have engaged in plannmg have 
come to appreciate its value as an end in itself and now 
continue to engage in continuous planning activities because 
there is a recognition by local public ofiBcials that planning 
enhances the decision-making capability of the community 
and improves the over-all quality of development. In other 
cases, however, it is apparent that communities are not fully 
convmced of the benefits of plannmg and continue to see 
it largely as a prerequisite to other objectives. In these 
instances the planning effort is characterized by a series of 
spasmodic efforts to produce documents that are technically 
adequate to satisfy federal agencies but that have little 
impact on the decision-making of local government. 

Because the communities exhibiting these various atti
tudes are often serviced by the same state-assistance pro
grams or consultmg firms, the review of plan documents 
often provides a very poor clue to the attitudes that mdi-
vidual communities have brought to the planning process. 
But planners on the scene have usually been quick to detect 
these attitudes and have often expanded or contracted the 
advisory activities and educational activities associated with 
the development of a comprehensive plan m response to the 
receptiveness of local citizens and public officials. The staff 
adjustments do not show in the documents themselves. 

An increasing number of communities of 25,000 to 
50,000 people are establishing resident plannmg staffs 
These staffs are usually competent and useful for the day-
to-day operations of zoning administration, subdivision re
view, and the collection and distribution of data. The staffs 
of the one- and two-person offices servmg such communi
ties, however, often lack sufficient technical training, time, 
or experience to conduct the more sophisticated studies. 

The widespread appointment of planning commissions 
and the provision for some level of technical assistance by 
means of consultants, resident staffs, or state agencies has 
also provided a more widespread distribution of the ma
chinery necessary to help implement local community 
plans. The presence of local planning commissions fre
quently suggests that there is at least a minimal capability 
to enforce a zoning ordinance and subdivision regulations. 
The quality of that enforcement process is substantially 
affected by the quality and contact hours of technical 
assistance. 

In conclusion, it should be noted that the spread of plan
ning activities has been accompanied by increases in pro
fessional staffs and has encouraged some broadening of 
planning processes and techniques as depicted in the litera
ture. Nevertheless, the planning techniques inventoried in 
this research provide a broader range of resources than are 
being used to improve the quality of technical assistance 

and planning at the local level. Transportation planners will 
find that they often have a wealth of assembled data that is 
useful in transportation planning. This research strongly 
suggests that research and educational efforts may have 
higher payoff in the near future by concentratmg on the 
improvement of the application of known techniques by 
technicians at the local level than by trying to improve 
techniques in ways which require increasingly sophisticated 
personnel or equipment. 

Negative Aspects of Current Practice 

One of the obvious areas of difficulty is the problem of 
coordmating and sharing data between various planning 
agencies working in the same community. A prime exam
ple IS the obvious benefit of having land-use and transpor
tation planning agencies share the collection and analysis of 
data on such current base items as population, land use, 
and economic activity. There is little overt imwillingness 
to attempt to coordinate the collection of data and share it 
between agencies, but there are problems. 

Individuals and agencies tend to develop their own op
erating procedures and study objectives. Once comfortable 
with a particular data format they are often reluctant to 
change it to accommodate other agencies. Thus, a land-use 
inventory may be difficult to coordmate between land-use 
and transportation planning agencies because the two agen
cies prefer to have the data collected at different levels of 
detail. One may prefer a highly generalized classification 
system with data summarized on a block basis. Another 
may prefer a rigorous system utilizing a three- or four-
digit code with information available for keypunch on a 
parcel-by-parcel basis. 

Another difficulty is that agencies may wish to sum
marize their data to different subunits. I t is not uncommon 
to find land-use and transportation planning agencies work-
mg in the same community but using neighborhoods, plan
ning units, or traffic zones having roughly the same over-all 
dimensions but different boundanes. In this situation, data 
must be resummarized in order to be shared from one 
agency to another at the subunit level. Such difficulties 
can provide a convenient excuse for personnel within 
various agencies who prefer to handle their data inde
pendently rather than go through the adjustments that are 
necessary for coordination with another agency. 

Some of the differences in the use of data and geographic 
subunits are historical, but others reflect very different an
ticipated needs by the agencies. In one state a substantial 
effort has been made to standardize data collection tech
niques and classification systems between the SDOT and 
the state planning office responsible for providmg land-use 
planning technical assistance to small communities. A l 
though progress has been made, very real difficulties exist 
in this situation. For example, changing the format of data 
collection in a particular community may gam benefits in 
coordination with other agencies, but the changed format 
may no longer be compatible with those of studies done in 
that same community in previous years and may thus lose 
the ability to historically compare data for purposes of 
analysis and forecasts. 

Many of the difiiculties encountered in preparation of 
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plans for small communities are associated with the diffi
culties of providing technical assistance on a continuing 
basis. In those instances where technical personnel are re
moved from day-to-day contact with the local decision
makers, local planning commissions, and citizens, difficulty 
exists in providing the kind of educational process and inti
mate insight into the local issues that enhance the prepara
tion of plan documents and their implementation. In small 
communities, however, there still is a tendency to empha
size the preparation of planning documents rather than the 
development of solutions to visible local problems and 
ongoing advice to local and regional decision-makers. When 
the technical personnel responsible for preparation of the 
plan are present in the community for only short inter
mittent periods, it is very difficult to maintain a sensitivity 
to the way in which local problems evolve and to maintain 
the ready access to decision-makers that is necessary to 
effective plan implementation So long as those agencies 
responsible for planning assistance are able to document 
their activity by the production of planning documents per 
se, there is no way to assure that the planning documents 
are a means to effective decision-making rather than an end 
in themselves. The most apparent assurance seen in the 
interviews is the increased sense of professional responsi
bility in some agencies. 

One of the most persistent deficiencies encountered in 
planning documents and mentioned in the interviews was 
the inadequate documentation and recording procedures of 
agencies responsible for technical planning efforts. The 
absence of documentation occurs in two general areas. 
First, there is an absence of documentation in the methods 
used in preparation of plans. The documents examined 
show a clear tendency to provide elaborate documentation 
of actual data and reasonably good documentation and 
description of plan proposals What is often missing is the 
provision of documents illustrating or describing the as
sumptions and methods used in collecting data, making 
forecasts, developing plans, and making recommendations. 
The other area in which documentation tends to be absent 
IS in descriptions of local situations that influence the 
development of various strategies on the part of the 
technical staff. 

The difficulties of documentation are probably caused by 
the practice of having single planning documents serve sev
eral purposes. The same plan report often serves (a) as the 
vehicle for presentation of recommendations to local offi
cials and (b) as the repository of information, data, and 
techniques used in the preparation of the recommendations. 
It would appear that substantial improvement could be 
made in plan documentation if funding agencies encour
aged more flexibility by allowing planning agencies to pre
pare shorter and more popularized presentations of their 
recommendations for local consumption and limited num
bers of mimeographed technical documents for technical 
review and record. 

One of the problems associated with poor plan docu
mentation IS that the process of upgrading plans is made 
substantially more difficult for a technical staff. There is 
a strong tendency observed in the plan documents ex
amined, and exposed m the interviews, for plan prepara

tion efforts to start over from "scratch" rather than to up
date information collected within recent years by the same 
agency in the same community. This not only represents 
an unnecessary expenditure of funds for the collection of 
information but also tends to preclude the accumulation of 
some rationale and history of the decision-making process 
in the communities Thus, each technical staff person who 
has not worked in a community previously is required to 
discover personally on a trial-and-error basis a great deal 
about local value systems, personalities, and physical or 
economic pecularities of the community that influenced 
previous plan proposals. It is little wonder that highly 
capable technicians find that they do not have as much 
credibility with local people as they might reasonably 
expect to have. 

FUTURE PRACTICE: U N O USE/TRANSPORTATION 

This section puts forth the thesis that changes in the process 
of determining land-use controls could eliminate many of 
the shortcomings under which the UTP process must func
tion. Improvement could come through advance considera
tions of land-use development and its impact on the com
munity's transportation needs. Traditionally land-use 
decisions have been made from data collected on the need 
for the new land use. The argument put forth is that be
cause there is a market-place demand, the proposed land-
use change will be of service to the public. When the 
change has taken place, it almost always is a land use at 
higher intensity and a use that will generate more traffic. 
For this reason, very few zoning changes or subdivision 
permits will assist the transportation planner in his quest 
for producing higher levels of service on the congested 
arteries. Land-use changes are then followed by demands 
by users for improvements to the transportation system. 
In recent years proposed transportation improvements have 
been stopped or at least stalled because of environmental 
impacts. The increase in traffic facilities due to the land 
development can now be equated to its demand for land, 
its destruction of schools or homes, its contribution to air 
pollution, and so forth. In one sense, the insurmountable 
problems created by land development are thrust upon the 
transportation planner. But, if what is proposed in terms 
of new land-use growth controls comes about, transporta
tion system evaluations will be performed in advance or at 
least at the time of the planned development. 

The customized procedures proposed are oriented to the 
existing state of land-use controls, but the future will bring 
alternatives to land-use growth controls that will signifi
cantly affect the land use/transportation mteraction. The 
most significant fundamental change will be to require 
proper consideration of transportation needs (as well as 
other elements of the infrastructure) prior to the actual 
land development. The steps in one possible urban growth 
control process are shown in Figure 4. 

To varying degrees, land-use control can be achieved 
through proper use of the comprehensive plan or perform
ance standards. New concepts, which are surely to be 
tested and eventually evaluated by the courts, include im
pact zoning and demand-based and supply-based method
ologies. Further, within the next decade there will be a 
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A v a i l a b l e Land, 
p r e s e n t growth 
r a t e and compar
i s o n made w i t h 
o t h e r communities 
i n t h e r e g i o n 

Request R e c e i v e d f o r 
Zoning Change from 
S i n g l e - f a n - . i l y to M u l t i -
f a m i l y R e s i d e n t i a l 

I n f r a s t r u c t u r e * N a t u r a l D e t e r m i n a n t s 
s u c h a s : s l o p e , run
o f f , v e g e t a t i o n , e t c , 

B e n e f i t / C o s t A n a l y s i s 
f o r Community o f p r o 
posed change 

T r a n s p o r t a t i o n S c h o o l s and 
H o s p i t a l s 

Sewers 
Water S u p p l y 
Wastewater 
D i s p o s a l 

O t h e r 
Community 
F a c l l i t i es 

E s t a b l i s h 
Change i n 
T r a v e l P a t t e r n 
R e s u l t i n g from 
Growth 

A s s i g n t o 
e x i s t i n g 
and committed 
network 

E s t a b l i s h p l u s o r 
minus d e f i c i e n c i e s 
on c a p a c i t y o f 
l i n k s 

1 . 
E s t a b l i s h Ambient 
L e v e l s * on Community 
F a c i l i t i e s 

E s t a b l i s h New L e v e l s * 
on Community F a c i l i t i e s I mpact due t o 

new growth on 
community f a c i l i t i e s 

* L e v e l s f o r t r a n s p o r t a t i o n a r e : 
a. a c c i d e n t s 
b. c o n g e s t i o n 
c . n o i s e a t s c h o o l s , h o s p i t a l s , r e s i d e n c e s , e t c . 
d. a i r p o l l u t i o n measured i n c a r b o n monoxide, 

h y d r o c a r b o n s , p a r t i c u l a t e m a t t e r , s u l p h u r 
d i o x i d e s and o x i d e s o f n i t r o g e n a t the l o c a 
t i o n s o f ( c ) above 

e. a e s t h e t i c e f f e c t s 
Figure 4. Steps in the urban growth control process. 
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shift in control of land uses to the federal and state gov
ernments. This will not completely void local governmen
tal power or responsibilities, but those land development 
issues which have multistate and/or regional implications 
will be addressed by the appropriate governmental level. 

In anticipation of improved land-use controls, transpor
tation planners must concentrate on: 

1. Establishing simplified relationships between land-use 
types and traffic generated for both peak and nonpeak 
periods. Average trip rates do exist, but with large vari
ances. Little has been researched relative to trip rates by 
time period. 

2 Assisting in the establishment of relationships between 
land-use type and demands on other elements of the 
infrastructure. 

3. Establishing relationships that could assist in predict
ing what levels of service are tolerable for each element of 
the infrastructure and particularly acceptable levels of ser
vice for travel by peak and nonpeak periods 

4. Assisting m the establishment of measures of econ
omy of scale for each element of the infrastructure and to 
identify what variables influence these values. 

5 Assisting in the establishment of how sensitive is the 
functional performance of each element of the infrastruc
ture to variations in demands near the capacity value. 

6. Assisting in the establishment of community goals and 
objectives, which can provide insights into proper land-use 
development. 

7. Assisting in the establishment of a community data 
bank to serve the data needs for land-use control decision
making and other planning activities in the community or 
region 

CUSTOMIZATION: A ROUTE TO SIMPLIFIED PLANNING 

An important strategy towards simplification of transporta
tion planning in small urban areas is to recognize the 
inherent variability of transportation problems in different 
urban areas and devise traffic forecasting and planning pro
cedures commensurate with the nature of the problem. A l 
though customization is being implemented in some situa
tions, all too frequently planning procedures remain as 
standardized or scaled-down, lower-budget modifications of 
large-area studies. From the field interviews, it was found 
that variations in the characteristics influencing the over-all 
nature of the transportation problem include: 

1. The nature and extent of the transportation problem. 
2. Sensitivity of the forecasting procedure to the under

lying transportation-related issues. 
3. Ability to provide results meaningful to the decision

maker 
4. Compatibility with the degree of sophistication and 

time requirement appropriate for a smaller urban area. 
5. Availability of data and other informational and 

computational facilities 
6. Availability of manpower and technical expertise. 

Land-use planning is partially responsive to such vari
ability, and customization is already occurring to a con
siderable extent in the procedures used to forecast land use 

in small communities. Many planners are foregoing elabo
rate computer procedures in favor of various manual ar
rangements that are heavily dependent on the planner's 
knowledge of the community and the exercise of profes
sional judgment in an ad hoc or single-mmded fashion. In 
communities under 50,000, for example, the planner often 
makes gross estimates of various land-use needs at some 
future date on the basis of population and economic stud
ies. The planner then spatially distributes the required land-
use activities, more by design prmciples than projections, 
while taking into account the capability of vacant land, 
proposed public improvements, and his knowledge of local 
development trends, land availability, and similar factors. 
In communities over 50,000, somewhat more structured 
short-cut procedures may be used, such as the one devel
oped in Cumberland County, New Jersey (77). 

The major needs for customization in land-use planning 
are in defining the scope of work and in organization. Cir
cumstances do not require that all land-use plans be cast 
in the format of 20-year area-wide schemes. There is a 
need for some short-range planning and small-area plan
ning. There is a need for land-use planners to focus more 
specifically on the transportation impact of major land-use 
decisions. Al l these efforts are now conducted to some ex
tent, but the allegiance to long-range comprehensive plans 
appears to be diluting the extent and effectiveness of these 
more issue-oriented efforts. 

Customization needs to be oriented to organization and 
land-use and traffic forecasting procedures that can utilize 
simplified techniques. The scope of planning in small urban 
areas is not the same as that in large metropolitan areas, 
and the role of the standardized, unified systems-oriented 
transportation plan also is somewhat different. Long-range 
transportation plans establish a framework for providing 
transportation facilities to satisfy future growth of the 
community as contemplated by the long-range land-use 
plan. Yet in small areas, development is often not in con
formance with the long-range plan. Thus the validity of 
long-range planning is more questionable in small areas 
than anywhere else (2). The 20-year plan serves as a guide 
for making short-range decisions and identifying relative 
priorities, but dangers are inherent in pursuing short-range 
objectives at the exclusion of long-range developments A 
piecemeal approach can lead to irretrievable commitment 
of resources, which can handicap the expansion of transpor
tation facilities later. Without the guidance of a long-range 
plan, decisions become day-to-day, this effect over
looks future requirements and results in inefficient alloca
tions of resources. Transportation decisions should be made 
within the context of a planning framework scaled down to 
intermediate years. It is likely that this plan would not 
require the detailed level of traffic forecasting capability 
conventionally provided by trip-generation, trip-distribution, 
and traffic assignment models Little can be accomplished 
by postponing immediate or short-range transportation 
needs while awaiting the completion of a long-range plan 
relying on detailed traffic estimates. 

Small area transportation plans have not pursued short-
range planning to any practical extent The role of public 
transit and the effective utilization of traffic operational 
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improvements such as channelization, street extension, re
stricted curb parking, intersection redesign, and signaliza-
tion or the assessment of the impact of an imminent land-
use change on the localized area transportation system are 
typical small-area issues demanding immediate attention 
but not adequately treated in long-range planning Short-
range planning is characteristically concerned with stopgap 
measures which are highly visible and use relatively low-cost 
improvements {13) 

The recent energy crisis has emphasized the need for 
contingency planning and the ability to consider service-
oriented plans m order to obtain maximum benefit from 
existing facilities With only limited transportation exper
tise available to the smaller urban areas, the development 
of a transportation plan provides a unique opportunity to 
investigate transportation issues and should not be restricted 
to systems-oriented facility plans at the exclusion of short-
range planning. 

Reflecting on the structure of a small urban area consist
ing of a limited street system, a few well-defined residential 
areas, and special generators, it is conceivable that the 
major long-range capacity deficiencies, if any, can be iden
tified without utilizing network traffic forecasting models. 
A simple comparison of traffic patterns with traffic volumes 
might explain major street deficiencies attributed either to 
severe congestion along the most direct route or the absence 
of a direct route. Also in the case of smaller study areas, 
traffic external to the community can assume a dominant 
role in establishing the level of service on the major street 
system 

In the event a street planning policy is adopted that first 
satisfies capacity deficiencies by improving major thorough
fares by means of widening and subsequently seeks a new 
alignment (only after the other measures have been ex
hausted), such as a bypass or loop road, then traffic fore
casts might be developed on the basis of corridors Future 
traffic forecasts suitable for preparing a thoroughfare plan 
in a small urban area may be derived without resorting to 

S t r a t e g i c P l a n n i n g 
( g e n e r a l i t y ) 
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Figure 5 Transportation forecasts for a range of planning 
environments 

sophisticated and time-consuming network models (18) 
Because external trips as a percent of total trips generally 
increase as the population size decreases and the number of 
corridors in a smaller area is generally less than that in a 
larger area, the net result is that the small-area traffic cor
ridors are more intensely utilized and play a more dominant 
role in determining travel patterns (79). Where growth 
rates are expected to be irregular or difficult to anticipate, 
a system-oriented transportation plan might well be postu
lated on basic principles and general community character
istics such as population, land-use, and land development 
data without formally preparing future traffic estimates 
Prior to any commitments of resources for facility con
struction, however, the design requirements can be defined 
more precisely and the need formally justified (18). 

It IS the finding of this research that transportation plan
ning in small urban areas must be tailored to the nature of 
the problem, the characteristics of the community, and the 
resources available in order to conduct a transportation 
study An important element of the plan is to explore a 
range of topic areas, as shown in Figure 5, extending from 
"strategic" long-range facility-oriented plans to implemen
tation planning stressing shorter-range service-oriented im
provements. The basic strategy devised by this research is 
to first identify the magnitude of the planning problem and 
resources available and then define the appropriate level of 
planning. The following subject areas related to planning 
techniques and different levels of planning have been 
investigated. 

1 Development and testing of simplified models using 
the conventional structure of trip generation, trip distribu
tion, and traffic assignment directed to the development of 
a long-range systems plan and also alternative strategies for 
updating travel patterns. 

2 Development and testing of corridor models appro
priate for small urban area thoroughfare planning where 
the number of alternatives is limited. 

3. Development of a short-range consumer-oriented tran
sit system planning procedure 

4 Development of a localized traffic impact analysis 
technique for assessing the impact of new land develop
ments on the traffic-carrying capacity of the local street 
system. 

These simplified travel forecasting techniques, discussed 
at length in Chapter Four, have been selected to reflect the 
various scales of transportation needs and resource capa
bilities typically encountered in smaller urban areas. These 
simplified procedures also recognize the difference m time 
horizons (i.e , long-range versus short-range) and the varia
tion in impact areas such as broad geographical coverage 
with network implications, isolated travel corridors and 
localized impact areas like major streets, or intersections 
abutting a proposed activity center. This approach is par
ticularly significant because emphasis is shifting away from 
long-range plans to shorter-range improvements and the 
need to update and refine the initial plans periodically is 
recognized Rather than relying on a complex and 
computer-oriented travel-simulation package for applica
tion in all planning environments, more attention must be 
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given to stratifying the transportation problem and using, 
where appropriate, such simplified procedures as categori
cal trip analyses, trip rates, and growth factors, and in gen
eral drawing on the wealth of travel data already collected 
for other small urban areas. The concept that planning 
tools should be commensurate with the problem also re
quires that consideration be given to organizational changes 
as previously discussed. 

Although not intended to represent an exhaustive array 

of potential procedures, the following analysis techniques, 
also summarized in Table 2, were investigated to illustrate 
simplified procedures that could be used in a customized 
process: 

1. Network simulation. 
2. Corridor analysis. 
3. Small-area transit planning. 
4. Localized traffic impacts. 

TABLE 2 
SUMMARY OF TRAFFIC FORECASTING PROCEDURES 

ANALYSIS LEVEL T I M E FRAME LEVEL OF ANALYSIS DECISION FRAMEWORK 

Network analysis 5 to 20 years Areawide transportation 
system 

Physical roadway deficiencies 
with network implications— 
thoroughfare planning 

Traffic corridor 
analysis 

S to 10 years Travel corridor Physical roadway deficiencies 
W i t h i n a corridor with view 
of construction of a bypass 
or improving corridor 
capacities 

Transit planning Existing traffic 1. Neighborhood 
2 Activity centers 

(identification of 
common trip end 
clusters and time 
clusters) 

Define the role of mass transit 
and paratransit 

Localized traffic 
impacts 

Existing traffic 
generated in 
response to 
proposed 
land-use de
velopment 

Street intersections and 
access points 

Localized roadway deficiencies 
requiring traffic operational 
improvements 

C H A P T E R F O U R 

INTERPRETATION, APPRAISAL, AND APPLICATION 

SIMPLIFIED NETWORK PROCEDURES 

To fully test the customization recommended for organiza
tion and procedures, a large number of cities of varying 
characteristics and problems would be required. Testing 
would be further complicated if one identified a large 
number of simplifying techniques for possible application. 
As an alternative, the researchers selected a limited number 
of simplified techniques to illustrate the procedures rather 
than to endorse simplification itself. Readers interested in 
the application of simplified techniques at the network level 

and at the corridor or local level will find the appendices 
valuable. 

Network travel simulation procedures based on the mod
eling of generation, distribution, modal split, and assign
ment have had the greatest use in large urban areas. Sim
plification has been attempted in each of the modeling 
phases in an effort to reduce the costs in time and money. 
The use of synthetic models has been proposed in an effort 
to reduce these costs. 

Borrowing the travel models from a community or cross-
section of communities of similar characteristics in terms 
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of population size, economic base, and geographic form 
reduces the need for costly internal home-interview O-D 
survey. The relationships that are to be transferred or fab
ricated in the absence of an internal O-D survey are zonal 
trip-production and -attraction values, in the form of either 
rates or equations, and the travel time (or friction) factors 
for a gravity trip-distribution model. I t should be pointed 
out that although the lack of O-D data precludes any 
rigorous verification of the adopted models, some adjust
ments usually can be made based on the results of traffic 
assignments. A comparison of the assigned link volumes 
with actual ground counts is a valid check of accuracy of 
the fabricated models. 

The experience of using borrowed or fabricated models 
for transportation planning in small urban areas is still 
limited. However, the use of this simplified approach is 
increasing, and the following discussion of the various 
phases of the procedure is presented as a general guideline 
for conducting a simplified network analysis for small urban 
areas. 

INTERNAL TRIP GENERATION 

The trip-generation phase of the travel simulation is the 
most critical phase because it sets the scope of the entire 
procedure Subsequent models are affected by the vanablas 
and model form used for trip generation. 

Alternative Approaches for Trip-Generation Analysis 

There are two basic alternative approaches for developing 
models for estimating internal trip productions and attrac
tions. The first approach, aggregate trip analysis, develops 
relationships of trip production and attractions with ap
propriate independent variables at the traffic zone level, in 
most cases using multiple regression analysis. The principal 
advantage of the approach lies in its zonal orientation. 
Generally, the task of forecasting independent variables is 
simplified because of the aggregate nature. One of the pri
mary disadvantages of this approach is that the models are 
not behavioral in nature and may be valid only for the 
zonal scheme on which they were developed and not readily 
adaptable to alternative zonal schemes or smaller-area 
analysis. 

The disaggregate approach is based on the development 
of equations or rates describing the effect of independent 
variables on the trip-making of a basic unit. For trip-
production analysis, households usually are considered the 
basic source of travel. Two alternative techniques can be 
used for developing disaggregated household trip-generation 
models The first, similar to the aggregate approach, uses 
the regression analysis method to develop equations de
scribing the relationship between the number of trips per 
household and appropriate household characteristics (20). 
The second technique is the cross-classification method, 
which categorizes household trip-making rates according to 
such household characteristics as automobile ownership, 
family size, and income (22). The disaggregated approach 
in trip-production analysis has the advantage of being able 
to reflect a trip-maker's behavior and can also be useful for 
modal choice analysis. This approach is equally applicable 

to trip-attraction analysis, but land use or employment be
comes the basic tnp-generating unit rather than the house
hold. The adaptability of disaggregated models to any 
traffic analysis zonal scheme is an important advantage in 
small urban areas for synthetic models and updates. 

An approach becoming increasingly popular in recent 
years utilizes both aggregate and disaggregate techniques. 
A disaggregate cross-classification model is used for trip 
productions, and aggregate zonal equations are used to 
estimate trip attractions. In this manner, the basic trip-
producing units (households) will be directly related to trip 
productions; and the trip attractiveness of each traffic analy
sis zone will be related to such independent variables as 
zonal employment, commercial and residential land, and 
population. 

Disaggregate Household Models 

In the selection of either zonal regression equations or 
household category models for trip production analysis, the 
criteria for evaluation are varied, and results of compari
son often are inconclusive. One of the limitations com
monly attributed to cross-classification analysis is the 
inability to perform statistical significance tests for the vari
ables in the model; however, this criticism is probably un
justified considering the statistical techniques available in 
the area of experimental design including factorial analy
sis (22). On the other hand, a strong case used to be made 
for the time stability of the trip rates, but recent studies 
do not confirm this (23). Similarly, the transferability of 
trip rates among all types of urban areas has to be ques
tioned; and, as reported in the application test of Appen
dix E, significant differences may be expected. These prob
lems are, however, common to most forecasting pro
cedures. 

The accuracy of different techniques is an important cri
terion for model selection, and the ability to duplicate the 
existing travel pattern generally is accepted as the standard 
test for this purpose. (As reported in Appendix F, the 
application of synthetic trip-generation models of different 
types, both aggregate and disaggregate, for a test city indi
cated that no definite conclusions can be drawn as to the 
superiority of one technique over another.) None of the 
techniques was able to duplicate the link volumes and the 
screenline crossings very accurately at the first attempt. 
However, all of them could be made acceptable by making 
certain adjustments in the models and the network. In 
general, the inaccuracies were not large enough to result 
in a difference in the number of highway lanes to be 
recommended. 

Because both modeling approaches have problems with 
temporal stability, transferability between areas, and ac
curacy, the criteria of flexibility and simplicity become the 
deciding factors in the selection of the approach for trip-
generation models. Here, a disaggregate household model 
clearly is preferable to aggregate or zonal equations esti
mating internal trip productions. Included in its advantages 
are (a) the ability to verify or update the trip rates with 
a small sample and also (b) the development of behavioral 
models which are particularly important for reflecting 
future changes m travel behavior. 
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An important consideration in network traffic analysis is 
the coordination of data requirements of transportation and 
land-use planning. Guidelines are presented to achieve this 
coordination by means of the study design. Data items on 
which the local planning agency should concentrate are 
presented. 

COORDINATION OF LAND-USE AND TRANSPORTATION 
PLANNING DATA 

Coordination of Areal Analysis Units 

The areal analysis units used for transportation planning 
(traffic zones) usually are much smaller than the census 
tracts used by the Bureau of Census to report population 
and housing information. Analysis units generally pre
ferred by land-use planners are larger than traffic zones but 
not necessarily the same as the census tracts. This in
consistency has caused much difficulty in transportation 
studies. Previously, the traffic zones were delineated with
out any reference to census tracts, but presently there is 
a growing concensus on the need to establish a certain level 
of compatibility between the two units. Care is being taken 
to ensure that each group of traffic zones coincides with 
the boundaries of an official census reporting unit. This 
approach has done much to improve the coordination of 
data sources The land-use planner also must ensure that 
his analysis units are compatible at some level with traffic 
zones If , for valid reasons, the land-use planner is forced 
to use analysis units that are not compatible with census 
tracts, then the transportation planner must be made aware 
of the situation before the traffic zones are delineated and 
expensive data gathering efforts are in motion 

Land-Use/SoGioeconomic Data for Demand Estimation 

Data requirements for travel simulation models have under
gone many significant changes in recent years. The gradual 
substitution of land-use data by socioeconomic data has 
been one of these Data such as acres of residential land 
and retail floor area are of less value than such data as the 
number of households having the various characteristics of 
automobile registration and employment, for example This 
trend in the use of socioeconomic data reflects the increas
ing popularity of disaggregate and behavioral models 

Accompanying the increased use of disaggregate models, 
a renewed emphasis on household data is occurring which 
IS particularly significant for a transportation study of a 
small area The investigations on simplified travel simula
tion techniques for small urban areas suggested the possible 
elimination of costly home-interview O-D surveys and the 
use of synthetic models. However, traditionally home-
interview surveys have been one of the main sources of 
data for household characteristics. Thus, the need for de
veloping and maintaining household data on a zonal basis 
without resorting to home-interview surveys is critical if 
the new and simplified techniques of transportation plan
ning are to be successful Whereas household data are 
used primarily for trip-production and modal split analysis, 
an increasing reliance also is placed on employment vari
ables for trip-attraction models. The need exists for de
veloping and maintaining employment data on a zonal basis 

Household Characteristics 

The household characteristics generally used in trip-genera
tion analysis are family size, car ownership, family income, 
and dwelling unit structure type. The relative importance 
of these characteristics depends on the model utilized. From 
the standpoint of trip generation alone, family size (gen
erally the number of persons over 5 years old) has been 
found to be very significant {24, 20, 22). Car ownership 
and family income have also been found very significant 
for travel simulation, especially for modal choice. The use 
of both these characteristics in the same model, however, 
has been questioned because of their high correlation with 
each other. The projection of income at the household level 
has been troublesome, and its use is complicated further 
by inflation, price changes, or state laws preventing its col
lection. As a result of these problems, the need for car 
ownership data has increased Car ownership data are 
almost essential for transit planning, especially if income 
data are not available. 

The classification of dwelling units by structure type 
multifamily apartment, duplex, and single-family home) is 
desirable if such data are available. However, in spite of 
the significance of this characteristic, its use as a variable 
in either trip-generation or mode choice analysis has been 
limited. I t can be concluded reasonably that if the other 
characteristics—family size and car ownership (or income) 
—are available, the classification by structure is not a criti
cal requirement. 

Employment Data 

The use of employment data in travel simulation models is 
limited to the denvation of trip-attraction and nonhome-
based trip-production equations. Employment data, ex
pressed as the number of employees working in each traffic 
zone, usually is classified into various categories according 
to the type of business Several different categories of em
ployment have been used in the various transportation 
studies, some of which are listed-

1 Total employment. 
2 Retail employment. 
3 Convenience retail employment. 
4. General merchandise, apparel, and furnishings retail 

employment 
5. Highway-oriented retail employment. 
6. Wholesale employment. 
7 Industrial or manufacturing employment 
8. Service employment. 
9. Government and institutional employment. 

The preceding list represents a fairly detailed breakdown 
of employment categories and reflects a similarity with the 
standard industrial classification system. In the case of 
small urban areas the base-year data for these categories 
may be estimated by a windshield survey and/or from the 
records of the state agencies involved with labor and em
ployment, but the task of forecasting these on a zonal basis 
may be formidable. However, there is a growing consensus 
that I t IS not necessary to develop employment data with 
a large number of categories Generally, in the case of 
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small-area studies using a simplified procedure for travel 
simulation, the categories of total, retail, wholesale-indus
trial, and "other" are sufficient. It should be pointed out 
that in addition to the employment categories that generate 
traffic during the morning and afternoon peak hours, par
ticular emphasis should be given to retail employment and 
the identification of large shopping centers. 

Land Area and Land-Use Density Measurements 

As mentioned previously, the use of land area measure
ments (residential land area in acres and office floor area 
in square feet) for particular land uses in travel simulation 
models gradually is decreasing because of the increasing 
use of household and employment data and because of the 
difficulties associated with their forecasts. However, the 
significance of land-use measurements must not be over
looked entirely. Although for trip-production and modal 
split models the overwhelming trend is to use household-
related data, which tends to make the models behavioral in 
nature, the land-use measurements can still be used for trip-
attraction models and for special impact analyses. Trip-
generation rates for special traffic generators, such as shop
ping centers, airports and hospitals, are often derived in 
terms of land area measurements The impact of new or 
proposed developments cannot be made unless travel data 
on the various land uses are available. 

Land-use density measurements are of particular signifi
cance in transportation planning, and the use of socio
economic variables does not necessarily preempt their in
corporation in the same models. Indices of residential 
densities may be included in modal split models in addi
tion to the behavioral characteristics of car ownership and 
income. The density of commercial development is also 
useful in traffic studies (as, for example, in parking 
analyses). 

Land area forecasts are useful in aspects of transporta
tion planning other than forecasts of future travel patterns. 
If , for example, land-use forecasts indicate a rapid rate of 
intense development where new right-of-way areas need to 
be acquired, then early attention should be given to right-
of-way acquisition or to adoption of regulations to protect 
areas needed for right-of-way from encroachment. The 
possibilities of land area and land-use density measurements 
basically imply that they must not be ignored. However, it 
IS difficult to specify exactly to what extent the information 
on land area measurements must be updated because it 
depends largely on the available manpower and the nature 
of the study area. 

Forecasting Land-Use/Socioeconomic Data 

The ability to forecast and continually update an item of 
data should be an important criterion for its selection as a 
variable in a predictive model In the early stages of the 
evolution of travel-forecasting models, this factor was often 
overlooked and models based on very detailed data were 
not uncommon Naturally difficulties were encountered in 
the continuing use of these models because of the lack of 
subsequent data availability for many of the variables. It 
IS now clear that transportation and land-use planners must 
address the question of data availability at the very begin

ning of the planning process when the study design is 
prepared. The increasing use of disaggregate household 
data in travel simulation models requires that land-use 
planners forecast at a stratified household level. Generally 
forecasts are made for such aggregate information as 
average or median income, total number of automobiles, 
population, and households in each zone. The disaggregate 
approach, on the other hand, creates discrete classes for 
each characteristic, which are needed for the multidimen
sional matrix of household types The task, therefore, is 
to allocate each of the total households in a zone to the 
appropriate cell of the household stratification matrix. The 
development of forecasting models, however, requires "fac
tored" data as available from regular internal 0-D surveys. 
This requirement constrains the use of disaggregate house
hold models for which a small sample generally is adequate. 
Appendix C contams a detailed treatment of simplified 
procedures for developing household stratification models. 

TRAFFIC FORECASTING PROCEDURES 

Internal Household Trip-Generation Analysis 

The procedure of using synthetic or borrowed household 
category models for trip productions and zonal equations 
for trip attractions is recommended for use in synthesizing 
the internal household travel pattern in small urban areas. 
It should be pointed out that any limitation in the trans
ferability of zonal-attraction models due to a difference in 
the zonal scheme generally is overcome by balancing the 
total attractions of a trip purpose to the corresponding total 
trip productions Comments follow on some of the details 
of the analysis. 

A Small-Sample Survey 

The criteria for selecting a parent city from which travel 
models can be borrowed for a particular study area are not 
clearly known at this time. Although the typical character
istics of population size and nature of economic base are 
useful indicators, they do not guarantee similarity in travel 
characteristics. It is recommended that, if feasible, a small-
sample home-interview survey be conducted to derive trip 
rates. The sample may be chosen to obtain approximately 
30 households in each category For example, for a very 
simple classification of households based on two character
istics and each stratified into three classes, a sample size 
of only 270 households could yield 30 observations m each 
of the nine cells of the matrix. As tested and reported in 
Appendix E, given evenly distributed observations in each 
category, a small-sample survey can yield trip rates that 
are not significantly different from those obtained from a 
much larger sample obtained in the usual manner In order 
to obtain such a uniform distribution of observations among 
the various cells, the sample must be carefully selected 
The trip rates obtained from the small sample also can be 
compared with those of other areas for verification. 

A detailed breakdown of trip purposes is not necessary 
for small urban areas and usually the three purpose cate
gories of home-based work, home-based other, and non-
home-based have been found to be satisfactory for house
hold trips (4,5). 
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Independent Variables 

Although the choice of independent variables may be lim
ited in the case of synthetic or borrowed models, it is pref
erable to avoid those variables which may be difficult to 
forecast. For the category models, household size and 
auto ownership are recommended for trip production. 
Household size is very significant from the standpoint of 
the number of trips, whereas car ownership is important 
for modal split analysis. For trip-attraction models, total 
employment, retail employment, industrial-wholesale em-
poyment, "other" employment, and population in each 
zone would provide a reasonably sufficient choice for 
independent vanables. 

Special Generator Analysis 

In every city, there are usually a few activity centers not 
incorporated in the generalized trip-generation models that 
have unique characteristics and are major traffic generators. 
Examples are large shopping centers, airports, universities, 
and hospitals. An effort should be made to obtain traffic 
count information at these locations for verifying the re
sults of the regular travel simulation models. In most cases 
the trip ends in the zones containing these generators are 
estimated with separate trip rates or equations. Trips can 
be estimated as a function of employment or household 
size, as discussed in the latter part of this chapter. It should 
be pointed out that sometimes the trip distribution for these 
generators also may require special treatment, such as a 
judgmental or manual process 

Internal Trip Distribution 

The development of trip-distribution models requires sub
stantial effort and resources, traditionally in the form of 
an O-D survey and subsequent data processing. Unlike the 
case of category models for trip production, a very small 
sample is not adequate for generating the zone-to-zone trip 
movements for all zones. Thus, in the absence of the stan
dard O-D survey, a tnp-distribution model initially must 
be completely fabricated or adopted in its entirety from 
another area; and only after the results of traffic assign
ment are available can any adjustments be made. 

Although a few different types of trip-distribution models 
have been used in the urban transportation studies, exten
sive experience with the gravity model makes it a natural 
choice for use in a simplified planning procedure. The key 
element in synthesizing a gravity model is related to the 
friction (or travel time) factors, which can either be de
rived synthetically or adopted from another urban area. 
The Georgia Highway Department (25) developed syn
thetic friction factors based on measures reflecting the size 
of an urban area, maximum trip length, and average tnp 
length Ashford and Covault (26) analyzed the friction 
factor curves from nine cities and related them to the 
socioeconomic and travel characteristics. The North Caro
lina Highway Commission (27, 28) gained considerable 
experience in the use of the friction factors of one area 
for another area, and their experience indicates that trans
ferability is acceptable. Many planners often use the trip 
length frequencies as the first approximation of friction 

factors and adjust them repeatedly until the frequencies 
obtained from gravity models match the desired trip length 
frequencies adopted from another city and based on the 
maximum trip length expected in the study area (9) . 
Hajj (4) also reported the derivation of friction factors 
for an area based on a comparison of those from several 
other areas. Based on the present state of knowledge, it 
appears that the adoption of the initial friction factors for 
different trip purposes from another area of similar size is 
valid and simplifies the modeling tasks considerably. It 
may be noted that the so-called " K , j " factors are not used 
very frequently and, if needed, they also have to be de
veloped from the results of traffic assignment. 

Modal Split Analysis 

Because of the low level of transit use, modal split analy
sis has been neglected in transportation studies for small 
urban areas. Increasing emphasis on the development of 
public transportation has generated a new interest in tran
sit planning for small urban areas, for which the conven
tional approach for modal split analysis has been found 
inappropriate (29) A discussion of these aspects of trans
portation planning is presented later in this chapter. 

Internal Truck Trips 

Traditionally, urban transportation studies focused on the 
movement of persons and freight movements were rela
tively neglected In larger urban areas, a special survey 
usually was conducted to obtain data on truck and taxi 
trips. In some cases zonal tnp-production and -attraction 
models in the form of regression equations were developed, 
followed by a gravity model for trip distribution. In other 
cases the zone-to-zone trip matrix for the base year was 
projected by growth factor techniques. For small urban 
areas the internal truck trips were ignored completely in 
many cases. 

The experience in synthesizing internal truck trips for 
small areas is not adequate at this time for recommending 
any specific procedure. However, the equations available 
from larger urban areas may be used for estimating zonal 
production and attractions, and the friction factors derived 
m these studies may be used for trip distribution. In using 
this procedure, care must be taken about possible errors in 
the over-all magnitude of truck trips, and the total trips 
estimated by the equations should be compared with con
trol totals obtained by some other methods. For example, 
the proportion of truck trips with respect to the total house
hold trips or total population in one area may be used to 
estimate the total internal truck trips in another area. In 
addition to verifying the total trips, one must identify the 
special generators such as a large truck terminal or a ware
house complex and obtain information on truck trips by 
contacting its management. The zonal values for these 
generators as estimated by the equations should be com
pared with the information obtained from other sources. 

The importance of goods movement in urban transpor
tation cannot be overemphasized. Although truck trips may 
constitute a small proportion of the over-all travel, their 
localized impact may be significant. Hie location of truck 
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terminals and the routing of trucks through the urban street 
system must be planned appropriately, to contribute to the 
over-all quality of transportation planning. 

External Trips 

External travel, in the form of external-internal trips and 
through trips, constitutes a small proportion of total travel 
in an urban area. However, its magnitude varies widely 
between areas, usually within the range of 5 to 20 percent 
of total trips, and the proportion generally is higher for 
smaller areas. The impact of external travel on smaller 
communities may be significant and cannot be ignored in 
the development of the over-all transportation system. 

The travel simulation procedure for external trips is not 
as advanced as that for internal trips, and the transporta
tion planners usually rely on a roadside-interview 0-D sur
vey to obtain information on the existing travel pattern. 
The future external-internal trips are predicted either by 
projecting the base-year trip distribution with appropriate 
growth factors for each internal traffic zone and external 
station, or by the gravity model trip-distribution technique. 
In the latter case, the modeling is simplified by assuming 
that all external-internal trips are produced at the external 
stations and attracted to the internal zones. The produc
tions then are forecast with growth factors, while a linear 
regression model is derived to forecast the zonal attractions. 
The through trips, on the other hand, in almost all cases are 
projected with a growth factor technique. Attempts to 
synthesize external travel have been limited and none of the 
present techniques tested adequately in a variety of environ
ments (50). 

Considering the present state of the art and the sig
nificance of external travel, it appears that a complete 
reliance on synthetic techniques to estimate the external 
travel pattern is not advisable in the case of small urban 
areas. However, an appropriate combination of a limited 
external O-D survey and synthetic techniques would not 
only reduce the cost and time required but also increase 
the reliability of the analysis. 

Nonresidents and Taxi Trips 

Internal trips by nonresidents of an area traditionally have 
been ignored in urban transportation studies. Recently, 
some attention has been given to this category of travel, 
but the emphasis has been on the additional traffic volumes 
rather than the population serviced. This type of trip may 
be particularly important in resort communities. I f an 
external survey is conducted, a question related to these 
trips should be included so that an average trip rate with 
respect to the external-internal trips can be developed for 
future projections. A very simplified procedure of develop
ing the zone-to-zone distribution of these trips is to com
bine them with the nonhome-based trips by the residents. 
This task can be accomplished simply by factoring up either 
the nonhome-based productions and attractions before dis
tribution or the zone-to-zone trips after distribution. 

Although the impact on facility planning is negligible, 
the role of taxi service in a community as a demand-
responsive transportation system must not be overlooked. 

Several urban transportation studies included taxi trips in 
their analysis of the over-all travel demand. However, it 
is becoming increasingly clear that the traditional network 
simulation approach is not very suitable for analyzing the 
needs and scope of taxi service. 

Traffic Assignment and Model Adjustments 

In the case of synthesized travel models, the results of 
traffic assignments are of special importance because they 
verify not only the traffic assignment technique but also the 
models used at the preceding phases of trip generation and 
distribution. A travel-time study should be conducted to 
obtain realistic travel times for each link on the network, 
and the "trees" also should be checked thoroughly to verify 
logical routing of zone-to-zone trips. 

The discrepancy between the assigned volumes on various 
links and actual traffic counts should be evaluated by ex
amining parallel routes and conducting screenline checks in 
addition to a Imk-by-link comparison. A comparison of 
the vehicle-miles of travel generated by the simulation 
models with those estimated with actual traffic counts 
should also be made. 

Simulated screenline crossings can be expected to be 
lower in the central business district (CBD) areas. The 
localized discrepancies can sometimes be attributed to spe
cial generators like shopping centers, airports, hospitals, 
and universities, for which additional analysis is generally 
necessary. However, if the discrepancies are beyond any 
explanation related to traffic assignment or special genera
tors and the assigned volumes are uniformly higher or 
lower than the actual counts, the error may be attributed 
to either the trip-generation or the trip-distnbution models. 

No adjustments of the trip-production models should be 
made until all other means are exhausted or some obvious 
reasons become evident. Therefore, the next step after ad
justing the assignment and special generators is to examine 
the friction factors of the gravity models, which affect the 
trip lengths and thus the link volumes. The friction factors 
can be adjusted by changing the slope of the trip-length 
decay curves. A steeper curve would result in shorter trips 
and reduce the link volumes, and vice versa. Adjustments 
of the trip-distribution model may not have a significant 
effect in some cases, and trip-generation models may have 
to be modified as the last resort. 

A small-sample home-interview O-D survey, traffic 
counts at special generators, and the limited external O-D 
survey recommended earlier can be very helpful in decisions 
related to model adjustments. Without such data for the 
specific study area, it is very difficult for an analyst to 
pinpoint the exact sources of discrepancy. 

UPDATING TRAVEL PATTERNS FOR CONTINUING 
PLANNING PROCESS 

The continuing phase of transportation planning involves 
periodic monitoring and updating of study results and traffic 
estimates. Only through periodic reviews and updates can 
a plan respond to the dynamic and ever-changing planning 
environment. When present traffic volume trends show 
evidence of deviating from interim study forecasts (as inter-
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polated between base year and future year volumes), the 
cause of change requires investigation. Deviations might 
be caused by unexpected changes in (a) trip-making ac
tivity, (b) land use, or (c) the provided level of transpor
tation service. An investigation of underlying trends helps 
assess the need for a revision of traffic forecasts. Consid
ering the time and cost of preparing traffic estimates, it is 
not unexpected that little attention has been devoted in the 
past to the periodic updating of small urban area trans
portation plans, but without periodic monitoring and ad
justments these plans soon become obsolete. A need thus 
exists to devise a simplified approach to permit periodic 
reviews and updates of small-area transportation studies 

graphic characteristics, such as zonal population, employ
ment, and density. 

The seriousness of a discrepancy depends on uses of the 
traffic assignment data. The predicted traffic volumes are 
utilized not only to develop a network of facilities but also 
to evaluate their capacity and levels of service or to deter
mine the need for additional lanes Usually an increment 
of one lane serves as the level of accuracy for investment 
decisions. Various illustrations of forecasting accuracy are 
shown in Figure 6, several of which may lead to a con
clusion that the traffic estimates need to be updated and 
be brought into closer concert with current observations. 

Some Basic Strategies for Updating Traffic Estimates 

Discrepancies that might be noted between observed ground 
counts and interpolations of forecasts can be attributed to 
many factors, including. 

1. Short-range fluctuations in travel pattern due to par
tial construction of the recommended transportation system 

2. Changes in the anticipated intensity of trip-making 
activity, such as trips generated per household 

3. Changes in a zone's anticipated land-use and demo-

Surveillance and Reappraisal Procedures 

In recognizing the importance of the continumg nature of 
planning, the Federal Highway Administration has estab
lished an elaborate procedure for the continuous monitor
ing and periodic review of the adopted transportation plans 
in urbanized areas with 50,000 or more population (.31). 
In addition to current estimates of growth annually, the 
procedure requires reappraisal of the transportation plan 
at three levels of intensity—routine annual review, major 
review every 5 years, and plan reevaluation at least every 
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10 years. The routine review is based primarily on local 
traffic counts and a growth analysis of urban development 
Any adjustments in forecasts that are made as a result of 
the routine annual review are of a localized nature and 
based on simple techniques. Similarly, the major review 
does not require any major data collection or adjustments 
in models unless the travel characteristics are found to have 
altered significantly. However, the major review in some 
cases and the plan reevaluation in all cases require a large 
investment in new data collection and model adjustments 
and could be beyond the resource capabilities of small ur
ban areas, particularly those below 50,000 population un
less there was special federal funding for this purpose. A 
simplified network simulation technique would be helpful 
not only for the smaller areas but also for others in re
ducing the time and cost of plan reevaluation. A procedure 
based on the simulation of work trips is presented here as 
a simplified alternative to the regular full-scale travel simu
lation procedure usually necessary for plan reevaluation 

Reappraisal Based on Work Trips 

Past investigations have revealed the importance of work 
trips in urban transportation planning, and a hypothesis has 
been advanced that work trips alone can be expanded to 
replicate a small area's traffic pattern and utilized for travel 
forecasting without resorting to models for all types of trips 
based on a complete O-D survey (32, 33). Work, the pre
dominant trip purpose, represents 30 to 45 percent of the 
daily home-based trips More significantly, work trips com
prise 80 to 90 percent of all trips undertaken in the morning 
peak and 70 to 80 percent of all trips undertaken in the 
afternoon peak The afternoon peak usually represents the 
critical period for highway design consideration, and the 
ability to replicate peak-hour travel patterns could provide 
planners with useful data for sizing future transportation 
systems as well as aiding in the verification of previous 
traffic estimates 

The method proposed here represents an approximate 
technique relying on many simplifying assumptions. Where 
available and appropriate, the census journey-to-work data 
should supersede the simplified approach presented (34, 
35, 36). Through use of models based on census relation
ships, peak-hour or total daily volumes can be developed 
and assigned to a small-area road network. In some situa
tions, however, the census work-trip data may be slow in 
becoming available or may be coded to a geographic level 
not appropriate for traffic estimation purposes In these 
cases the census journey-to-work travel data could be re
placed by an independent work-trip survey as presented 
here. 

For the survey, information can be obtained on the em
ployee's place of residence, place of work, time of work 
trip and route followed in traveling to and from home. 
Such information may be acquired easily by either using 
an employer's records or contacting workers at the major 
employment sites in the community. 

Many of these data are currently being acquired as part 
of the car pool surveys (37). With cooperation from em
ployers, these optical scan questionnaires can be processed 

at a cost of 5 to 10 cents per sample with a light-sensitive 
optical scanning machine (38). With little cost constraint 
a larger sample of the working population can be con
tacted, the only limitation being the cooperation of the 
participant. With subsequent processing by magnetic tape, 
although manual tallys are also feasible, a density matrix 
can be obtained that lists the number of persons leaving for 
a common destination (usually a work site) from a precise 
geographical area (traffic zone or grid) by incremental time 
units of 15 to 30 minutes. The resulting analysis then can 
provide extensive information on work-trip patterns at rela
tively little cost and with the potential for conducting 
periodic updates as the dynamics of travel change 

Based on the proportion of work trips with respect to 
total trips, a relationship or model can be developed to 
estimate total trips using the results of work-trip simulation. 
Thus, when justified, a network analysis can be performed 
with average daily traffic (ADT) models based primarily 
on work trips Although the accuracy of such models can 
be questioned, they do present a viable alternative consider
ing especially the substantial savings in cost and time in 
comparison to the conventional updating procedure The 
decision about when the work-trip procedure should be used 
IS dependent on particular needs and constraints of a situa
tion. An over-all approach to plan review is shown in the 
flow chart of Figure 7. 

Alcoa-Maryville Example. A supplemental work-trip 
survey in the Alcoa-Maryville area focused on the two 
major community employers Employees who were ques
tioned concerning their work trips represented a 4-percent 
sample of the total employment. A 46-percent response 
was received, or 370 usable questionnaires. Respondents 
traced the route path for their work-trip journey The 
work-trip samples were expanded to represent total area 
work trips. 

Comparison of the factored work trips with observed 
average daily traffic for fifteen major links resulted in a 

(coefficient of determination) of 0.945, which means 
that 94 5 percent of the variations in total daily traffic can 
be explained through the use of work trips alone A simi
lar comparison for the estimation of peak-hour traffic re
sulted in a R- of 0.826. The work-trip survey for the 
Alcoa-Maryville study area would have provided designers 
with sufficient accuracy to avoid over- or underdesigning 
the highway sections Only three of the fifteen sections 
would require further analysis. 

SIMPLIFIED TECHNIQUES 

The transportation planning techniques discussed previously 
are directed primarily towards the development of the over
all transportation system in a small urban area. Although 
the importance of such a systems approach cannot be over
emphasized, the need for additional techniques for the 
analysis of specialized transportation services or more lo
calized problems must not be overlooked. Without such ad
ditional techniques, the capability of transportation planners 
to respond expeditiously to a variety of problems would be 
seriously impaired. This section discusses the techniques 
applicable using the customized process for three special 
purposes—public transit planning, corridor analysis, and 
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Figure 7. Flow diagram of the general plan update procedure. 

localized traffic impact estimation (see Table 2) . Although 
the analysis in each of these areas can be carried out in
dependently, every effort should be made towards their 
coordination with the over-all planning process. 

SMALL URBAN AREA TRANSIT PLANNING 

Statistics indicate that at least 90 percent of all trips in small 
areas are made by automobile, with 90 percent of all fami
lies having access to at least one automobile. I t is not sur
prising, given the over-all dominance of the automobile, 
that most public transit systems in small areas are either 
nonexistent or inadequate in terms of service or equipment. 
Small-area transit systems cannot hope to duplicate the high 
levels of services provided in the larger cities (13). With
out sufficient ridership, it is not always economical to 
support conventional fixed-route, fixed-schedule systems. 
Fixed-route systems are most effective in urban areas where 
population or employment is concentrated along fixed travel 
corridors and the movement of large numbers of people is 

required. However, in small urban areas where develop
ment patterns are less concentrated and per capita auto 
ownership is high, fixed-route systems may lack the flexi
bility necessary to serve the dispersed travel demand (13). 
In developing alternative transit systems for small urban 
areas, the unique characteristics of demand and the tre
mendous competition with automobiles must be considered 
fully and the planning approach designed accordingly. 

While some small urban areas can function without an 
effective public transportation system, there is a growing 
awareness of the need for an alternative to the private 
automobile. The demand for an acceptable level of public 
transportation is no longer confined to the segment of 
population without access to automobiles, the so-called 
captive riders, but also includes the growing number of 
people who prefer an alternative to the problems associated 
with urban driving. A redefinition of public transportation 
to include all alternatives for moving people within urban 
areas, therefore, is essential to effective planning in small 
areas. 
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Transit planning in small urban areas actually is a rela
tively new area for which the techniques are evolving and 
several alternative approaches are available. These tech
niques can be grouped into the two broad categories of 
(1) long-range planning techniques primarily involving net
work analysis and demand modeling and (2) short-range 
planning techiques, which are oriented to operational im
provements of the existing system and a consumer market 
analysis for new types of service. There is a growing con
census that because of changing characteristics of the small 
urban areas, transit planning has to be short range, al
though the role of long-range planning must not be over
looked Some of the small urban areas have performed 
long-range transit planning studies, and such efforts should 
not be preempted by short-range planning. The scope and 
alternative approaches for long-range planning in small 
urban areas are discussed first, followed by the presentation 
of a consumer-oriented short-range planning approach 

Long-Range Transit Planning Approach 

Current techniques for long-range transit planning are 
oriented toward network analysis and travel simulation 
models. The computer software developed by the Urban 
Mass Transportation Administration, UMTA Transporta
tion Planning System (UTPS), includes powerful analyti
cal tools for evaluating alternative networks of fixed-route 
and fixed-schedule transit systems. These techniques re
flect the approach used for highway planning which is 
being extended to transit planning. They are basically 
facility oriented as opopsed to being service oriented. A l 
though It may be difficult to envision rail rapid-transit sys
tems for smaller urban areas, the use of exclusive right-of-
way for car pools and bus service and even busways is not 
unrealistic for urban areas of 200,000 or more population. 
Thus, there is a definite need for advance planning of 
future transit facilities in small urban areas. The long-
range planning tools, such as the UTPS, evaluate different 
levels of service in terms of convenience, frequency, and 
speed of service and can generate information useful for 
management purposes. 

In companson with the highway-oriented UTP process, 
the long-range transit planning procedures are less stan
dardized Key elements in the development of long-range 
transit plans are mode choice analysis and the prediction 
of future transit use. Whereas some of the elements of 
the long-range planning process are relatively routine and 
do not vary in their basic approach between large and 
small urban areas, the mode choice analysis is particularly 
sensitive to the size and nature of a study area. Chatterjee 
and Smha (29) analyzed alternative approaches to mode 
choice analysis in small and medium-size urban areas and 
found that most of the recent studies use a compromise 
approach which attempts to recognize the past trend as well 
as the possibility of significant behavioral and technological 
changes. One of the most difficult tasks of long-range plan
ning in small urban areas is the estimation of the potential 
changes in transit use characteristics. The use of attitude 
surveys to accomplish this task has been quite widespread 
in recent years (39), and the use of a theoretical model also 
holds considerable promise (40). 

Long-range transit planning techniques do not necessarily 
have to be time-consuming and expensive. Simplified pro
cedures being developed by UMTA include both manual 
and computerized sketch planning techniques (41, 42). A l 
though these simplified techniques are not designed par
ticularly for small urban areas, they would be useful there, 
especially where resources and time are limited 

Consumer Orientation in Plan Development 

Traditional long-range planning based on network analysis 
and travel simulation has been criticized on the grounds that 
the travel demand forecasts are aggregated and a single 
system is proposed which is supposedly sufficient for the 
variety of users. Such a cnticism, however, is not entirely 
valid from the standpoint of the planning techniques The 
disaggregated trip-generation models, which were discussed 
previously, recognize the unique characteristics of trip-
makers and should incorporate variables that are signifi
cant for transit planning purposes, such as car ownership 
and income The stratifications by trip purpose should 
also recognize the difference in transit service requirements. 
The current techniques of mode choice analysis can pro
vide for the incorporation of behavioral attributes of users 
(43, 44). It IS highly desirable that the capability of these 
models is fully utilized. The disaggregated approach should 
be carried on beyond the modal split analysis and utilized 
in the actual development of consumer-oriented plans and 
also in their evaluation (^5). 

Uncertainty of Demand Forecasts 

The basic difference in the approach and strategy for long-
range transit planning in small versus large urban areas is 
not so much in the details to be included in the procedure 
as in the treatment of uncertainties. Whereas travel be
havior in large metropolitan areas may be assumed to be 
relatively stable, the uncertainties associated with the tran
sit demand forecasts m small urban areas must be recog
nized and a continuing process of monitoring and adjust
ments of forecasts must be established (29). 

Consumer-Oriented Short-Range Transit 
Planning Approach 

Short-range transportation planning deals with immediate 
needs and improvements; and in the case of transit plan-
nmg, short-range studies usually focus on operational im
provements. The scope of such studies includes primarily 
analyses of existing demand, user characteristics, routes 
and schedules, equipment needs, fare structure, and man
agement. The techniques for carrying out these tasks are 
straightforward and well documented (46, 47, 48). 

The conventional short-range transit studies will con
tinue to play a significant role in urban areas that have 
existing transit systems, as they basically focus on the im
provements of existing service. However, it must be pointed 
out that the conventional approach does not apply to a 
small urban area where a transit system does not exist and 
also that even in an area with a transit system the scope of 
short-range transit planning must not be limited to the 
analysis of the existing system only. An aggressive and 
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imaginative approach must be taken to develop a transit 
system that not only is capable of responding to the varied 
needs of the existing users but also can attract new cus
tomers by satisfying their needs and preferences The 
consumer-oriented approach presented in the following sec
tions explicitly recognizes the diversity of demand charac
teristics and preferences for transit service in a study area 
by identifying different market segments and subsequently 
determining the need for and feasibility of appropriate 
transit alternatives for each segment. This approach also 
views transit services from a broader perspective and such 
systems as demand-responsive operations, taxi service, ex
press buses, and car and van pools are included among the 
alternatives in addition to the traditional fixed-route and 
fixed-schedule bus system. 

The key steps of the transit planning procedure based 
on the consumer-oriented approach, as shown in Figure 8, 
include the delineation and survey of transit market seg
ments, the matching of preferences with alternative systems, 
and the feasibility analysis and implementation of potential 
alternatives for each segment These steps are discussed 
further. 

Maritet Segmentation 

A transit market segment may be defined as a group of 
potential users with common preference for modal and 
service characteristics. However, there is a need to go 
beyond such a definition to examine the travel patterns of 
each group because different travel characteristics, such as 
travel with dispersed origins and destinations as compared 
with travel with common origins and destination, would 
imply different types of transit service In a market-
analysis-oriented transit study of a large urban area, it was 

Delineation of T r a n s i t Market Segments 

Survey of T r a n s i t Market Segments 

1 ' 

Match Survey Results to 
T r a n s i t System C h a r a c t e r i s t i c s 

1 
F e a s i b i l i t y A n a l y s i s of P o t e n t i a l 

T r a n s i t System i n Each 
Segment and 

Implementation 
Figure 8. Elements of a consumer-oriented approach to 
transit planning in small urban areas. 

found (49) that persons who have common work or com
mercial trip destinations also often have common trip ori
gins. The approach was to establish a trip origin-destination 
relationship for each selected group within the area, with 
a transit market assumed to exist only in the cases where 
such a relationship was discovered. This approach tends to 
overemphasize the significance of a concentration of travel, 
which IS particularly favorable for fixed-route transit sys
tems or car/van pools It must be pointed out again that 
the concentration of travel should not be a limiting criterion 
because other types of transit services can satisfy the dis
persed group of travel desires. Thus a transit market seg
ment may be defined m a variety of ways—in terms of user 
groups or common destinations, or a combination of both. 
The definition of markets and techniques would vary from 
case to case; some of these techniques are further discussed 

The demand for transit service is basically derived de
mand because it is used primarily to fulfill other needs. The 
transit rider is hardly interested in the ride itself, but needs 
the service to go to work or to shop or to satisfy another 
purpose. This nature of transit demand and the importance 
of the destination of a trip must be recognized For this 
reason, the segmentation procedure of a transit market 
should focus initially on the activity centers at which the 
travel in a small urban area is concentrated The majority 
of these activity centers, such as shopping centers, major 
employers, or other large traffic generators, are self-evident 
These may be grouped according to the predominant nature 
of the generated trips—discretionary and nondiscretionary. 
An example of typical activity centers is given in Table 3, 
which gives the results of a study performed by the Uni
versity of Tennessee for the cities of Maryville and Alcoa 
(population 13,803 and 7,739, respectively) 

In some cases, the major concentrations of travel and 
related activity centers may not be self-evident. The cen
ters of discretionary and nondiscretionary travel in such 
cases can be identified by tracing the travel of different 
population groups to particular activity centers for which 
a preliminary survey may have been performed The strati
fication of population groups may be based on certain socio
economic and/or demographic data such as age, income, 
and occupation Essentially this approach would require 

TABLE 3 

ACTIVITY CENTERS IN MARYVILLE-ALCOA, 
TENNESSEE, THAT GENERATE A LARGE 
NUMBER OF TRIPS 

DISCRETIONARY TRIPS NONDISCRETIONARY TRIPS 

Maryville CBD" 
Midland Shopping Center" 
Springbrook Park Center ° 
Harper Library 
Hall Community Park 

Aluminum Co of America plants 
Levi Strauss 
Blount County Courthouse 
Blount Hospital 
Maryville College 
Maryville High School 
McGhee-Tyson Airport 
Alcoa Industrial Park 
Alcoa High School 

•• For purposes olher than work 
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the location of population groups of given socioeconomic 
and/or demographic characteristics and then a survey of 
these groups to determine the destinations of their travel. 
In most cases, the location of population groups critical to 
segmentation would require the plotting of census or other 
planning data on a map, which may be performed man
ually However, m those larger areas having access to a 
computer, computer graphic techniques can be used to draw 
the study area outline and zones and to assign preselected 
characteristics such as age, income, and occupation to those 
zones. An example of the result of a computer mapping 
of senior citizens for Knox County, Tennessee, is shown in 
Figure 9. In this figure, each of the small areas on the map 
IS a census tract. The computer symbol shown within each 
tract identifies the range that the absolute number of senior 
citizens for that tract falls within. For example, a tract 
designated with O's indicates that the actual number of 
senior citizens residing there is between 350 and 550 With 
a transparent overiay of the street network at the scale of 
this computer map, existing and potential segments of senior 
citizen transit demand could be identified (50) 

Synagraphic computer mapping program (SYMAP) is a 
quick and reliable technique, but its use is restricted by cost, 
availability of data, and data processing equipment. There
fore, in small urban areas manual tabulation of data for the 
purpose of market segmentation can be just as effective and 
may be preferred because it allows the transit planner to 
become better acquainted with the study area 

It should be pointed out that it is possible to delineate 
a great many activity centers or segments of the transit 
market, although it may not be feasible to serve all markets. 
Thus, It IS necessary to assign priorities to each segment on 
the basis of the transit planning goals formulated for the 
particular study area. For example, if the goals are di
rected at reducing congestion and highway expenditures, 
".egments of choice riders should receive a high priority 
However, if the goal is to increase accessibility to low-
income groups as well as to reduce highway expenditures, 
the selected segments of both captive and choice riders 
should be given priority. 

Survey of Market Segments 

Once the segments of the public transit travel market are 
delineated and priorities assigned, the next step is to survey 
each segment to determine its demand for the various tran
sit alternatives. As noted previously, a preliminary survey 
of population groups may be required for identification of 
segments of discretionary and nondiscretionary travel per
tinent to certain activity centers used in market segmenta
tion However, the survey following the segmentation is 
more detailed, and a formal questionnaire can be used for 
this purpose The questions in the survey are according to 
three categories of information—personal characteristics, 
actual or desired travel, and transit system preferences. 
Questions in the first category are necessary to determine 
such information as the characteristics of the rider (captive 
or noncaptive), the availability of an auto, and the existence 
of other family members besides the household head who 
may need some type of transit service Questions in the 

category of actual or perceived travel demands concern 
such Items as the trip origin and/or destination and the time 
a trip IS made as well as the present mode of travel (car, 
bus, taxi, etc ) used to make that trip. The information on 
both the personal characteristics and the actual or desired 
trips IS necessary for a feasibility analysis in the subsequent 
steps of this procedure. 

Questions regarding the system preferences depend on the 
public transportation alternatives and their service varia
tions available for use in small urban areas. An appropriate 
sampling technique, of course, must be used for the survey 
of the transit market segments 

Matching Preference with Transit System Alternatives. 
After the transit survey has been administered to each 
market segment, the results must be interpreted so that the 
preference for transit service can be "matched" with the 
appropriate system alternative. Each questionnaire re
turned from a particular market segment is examined to 
determine how individuals have responded to questions 
on transit system preferences, such as fare, willingness 
to adhere to schedule, and maximum walking distance 
The answers to these questions then are matched with the 
operating characteristics of various transit systems, and the 
alternative most capable of fulfilling the system preferences 
IS assigned For example, the operating characteristics for 
an express bus service may require (a) a fare of $0 50 to 
$0 75, (b) the individual to walk or find transportation to 
the point of pick-up and (c) adherence to a schedule I f 
the answers to questions related to these characteristics in 
the questionnaire are in the affirmative, the express bus 
alternative would be assigned to fulfi l l the respondent's 
travel demand. Al l questionnaires should be similariy in
terpreted using the responses to questions on operational 
characteristics to screen the alternatives until the most ap
propriate alternative is found. This screening process can 
be accomplished through the use of a series of matching 
guides such as the one shown in Figure 10. In examining 
this figure, it should be noted that the model is composed 
of questions to determine transit preferences so that a par
ticular series of responses to the questionnaire follows a 
path through the branches of this model until a hierarchical 
transit system alternative is arrived at. It should be pointed 
out that the automobile is always considered an alternative 
and whenever a particular question is answered in such a 
way that none of the possible transit alternatives can meet 
the respondent's preference, he is assigned to the block for 
private automobile use. Also, it should be noted that be
cause some individuals might not have experienced some 
new types of transit, preferences should be analyzed in 
terms of service characteristics. The results of the match
ing process applied to the survey performed at the central 
business district (CBD) of Maryville, Tenn , and the south 
plant of the Aluminum Company of America at Alcoa, 
Tenn , are given m Tables 4 and 5. 

Feasibility Analysis and Implementation Once alterna
tive transportation modes have been assigned to each ques
tionnaire returned and the preference analysis is completed, 
considerations of both demand and supply must be ex
amined. The estimated level of demand must be assessed 
against considerations of supply to determine whether a 
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particular type of service is in fact feasible for a market 
segment. 

The estimation of demand can be performed by grouping 
the questionnaires returned from each segment by the tran
sit system alternative assigned and comparing the individ
ual responses to questions on such travel characteristics as 

time of travel and place. To obtain the over-all demand 
estimates for each segment, appropriate factors based on 
the sample size will have to be used. These estimates are 
necessary for feasibility analyses. For example, the opera
tion of an express bus without subsidization requires that 
the time and place of travel be similar and that individuals 

Source: University of Tennessee Department of Marketing and Transportation 
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I IS RESPONDENT A 
• CAPTIVE RIDER' 

IS RESPONDENT 
WILLING TO WAIT 

FOR TRANSPORTATION? 

NO 

IS RESPONDENT WILLING 
.TO WAIT FOR TRANSPORTATION' 

DOES RESPONDENT KNOW 
I N ADVANCE HIS/HER 

TRAVEL SCHEDULE ' 
YES 

Person Prefers to Trave l 
With Two - Twelve Riders 

(Al ternat ives : Fixed Route Bus, 
Automobile T a x i , 
Express Bus) 

HOW FAR IN ADVANCE' 

LESS THAN 
OVERNITE OVERNITE OR MORE 

WHAT PARE I S 
ACCEPTABLE' 

LESS THAN 
75 CENTS PER TRIP 

MORE THAN 
75 CENTS PER TRIP 

NO 

AUTOMOBILE 
DRIVER/RIDER 

.WILLING TO ACCEPT 
FIXED SCHEDULE' 

YES 

FIXED ROUTE 
BUS 

Figure 10. Mode preference matching guides 

WILLING TO ACCEPT 
FIXED SCHEDULE' 

NO YES 

WHAT FARE 
I S ACCEPTABLE' 

, I 

1 THAN 75 CEl 

WILLING TO WALK 
OR DRIVE TO 

TRANSIT SERVICE' 

NO YES 

LESS THAN 
75 CENTS? 

AUTOMOBILE 
RIDER 

75 CENTS 
OR MORE' 

TAXI 

CAR POOL BJR NUMBER OF 
STOPS' 

UNIMPORTANT 

FIXED ROUTE BUS 

IMPORTANT * 
EXPRESS BUS 

demanding this service be concentrated in numbers large 
enough for at least a break-even operation. In the test 
application, it was determined that express bus service 
should be investigated between the Alcoa plant and an area 
seven miles to the southwest. 

It must not be overlooked that the demand estimates 
based on questionnaires are approximations and that the 
preferences help frame the size of a potential market. An 
individual's actual responses when encountering a real 
situation may not reflect the expressed preferences. As 
Hartgen ( 5 i ) reports, the noncommitment response re
ported in a survey can be expected to be higher than the 
actual response and it may be adjusted on the basis of 
previous experience. These demand estimates, however, 
provide a transit operator an indication of the extent and 
size of various markets which he might explore with vari
ous service and marketing innovations The estimates also 
may be adjusted based on previous experience. The fact 
that an attempt has been made to frame various market 
segments should encourage innovative approaches to de
livering transit services in small urban areas. The transit 
operator then also must decide which service types and 
levels might be supported under the prevailing physical, 
financial, and institutional constraints. As a guide, the 
characteristics of various public transportation forms are 
given in Table 6 (52). 

Implementation Planning. The success of a consumer-
oriented transit planning effort depends to a large extent on 
the ability to institute trial services and undertake demon
stration projects. As service experimentations are attempted 

and actual responses recorded, greater experience can be 
gained in determining the extent to which definable market 
segments can be penetrated with various transit alternatives. 
It must be recognized that the role of transit in a small 
urban area is a policy issue. Reliance on present use 
trends can grossly underestimate the potential role which 
public transportation can play in a small urban area when 
It is operated under new service concepts and financial 
requirements. 

TRANSPORTATION CORRIDOR ANALYSIS 

In larger urban areas the sheer magnitude of the transpor
tation system and interactions of various traffic generators 
make the transportation problems almost impossible for 
planners to conceptualize. The analysis of such large and 
complex systems, therefore, necessitates the development 
of a detailed planning process that includes assimilation of 
extensive amounts of data with the aid of computers. How
ever, this time-consuming and costly procedure may not be 
appropriate for small urban areas. 

In many small urban areas with populations under 
250,000, the critical transportation problem can be iden
tified as demand exceeding capacity on a few important 
arterials or congestion of a major central business district 
(CBD)-oriented facility. In some cases the problem is a 
combination of both. The scaling-down of the conventional 
network-oriented urban transportation planning process de
veloped for larger urban areas would not specifically ad
dress these issues. To minimize the planning costs and 
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T A B L E 4 

RESULTS OF A S U R V E Y SHOWING DISTRIBUTION 
OF TRANSIT SYSTEM P R E F E R E N C E S 

NO O F RESPONSES 

CONDITIONS A G R E E A B L E 
TO USER M A R Y V I L L E CBD 

ALCOA 
PLANT 

Fare 
$0 35-0 50 33 50 
$0 50-0.75 20 10 
$0.75-1 00 3 5 
$1.00 or more 2 2 

Advance time requirement 
known 

V i hour 13 3 
1 hour or more 12 7 
Overnight 14 38 
One day 14 19 
Do not know 5 0 
Wait for service 
5 minutes 3 15 
5-15 minutes 36 48 
15-30 minutes 15 4 
One hour or more 1 0 
Would not wait 2 0 
Share vehicle: 
2 to 6 persons 8 0 
2 to 12 persons 12 15 
20 to 40 persons 35 51 
Ride alone 0 0 
Accept a fixed schedule 
Yes 48 63 
No 10 4 
Acceptable walking distance 
One block 22 17 
Three blocks 28 41 
Six blocks 6 7 
Would not walk 2 2 

attack the specific problem of corridor analysis, a more 
customized planning process as provided by one of the 
many corridor growth models might be used. The corri

dor method provides a convenient way to estimate the 
traffic demands on the major arteries serving each corridor 
of an urban area. The Jones-Grecco-French model was 
selected for presentation (55, 54, 55). Appendix G de
scribes this model and its application to six Tennessee 
cities. 

Conceptualization and Assumptions 

Small urban areas m this country have typically developed 
in conformance with the concentric circle and modified sec
tor growth patterns. Major shoppmg centers, if they exist, 
are usually located on existing arterial streets. Although 
fairly large in general, the centers do not compare with 
the size of the CBD area and they play a subsidiary role 
in traffic generation. The CBD represents the major traffic 
generator m the community, and traffic corridors radiate 
outward from this center. Thus the problem locations in 
small urban areas can be examined in the context of linear, 
or wedge-shaped, corridors that usually are onented to
wards the central area. The traffic corridor concept of 
thoroughfare planning is not new. In fact, many trans
portation planners have felt that this approach can provide 
an adequate transportation system for small urban areas 
and is superior to a zone-by-zone analysis even with the 
advent of third-generation computers (56). 

The entire procedure, like many others in use, is predi
cated on the assumption that the existing travel patterns m 
the community remain stable over time. Even m very large 
cities the basic travel patterns remain somewhat stable ex
cept for the circuitous travel on controlled-access facilities 
that tend to encourage such travel. In small cities the 
growth in most cases is an extension of present patterns. 
A disruption or change in the basic travel patterns in a 
small city usually occurs only with the elimination of a 
large portion of the existing street network, which is 
unlikely 

The corridor planning procedure analyzes the external 
traffic separately from the internal tnps. The external traf
fic IS further stratified into external-external and external-
internal trips. The conceptual basis of the method and the 

T A B L E 5 

R E S U L T S O F A TRANSIT SYSTEM P R E F E R E N C E S U R V E Y O F TWO AREAS 

M A R Y V I L L E CBD ALCOA PLANT 

P E R C E N T ( % ) P E R C E N T ( % ) 
NO O F TOTAL NO. O F TOTAL 

MODE RESPONSES ° RESPONSES RESPONSES • RESPONSES 

Fixed-route bus 35 42 
Express bus 11 13 39 20 
Car pool 5 06 28 15 
Demand response 

28 15 

(Many-to-few) 4 05 
Taxi 4 05 
Auto 24 29 126 65 

T O T A L 83 100 193 100 

° Number of responses is the actual number of completed questionnaires and not the "factored" data 
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T A B L E 6 

OPERATIONAL CHARACTERISTICS OF A L T E R N A T I V E TRANSIT SYSTEMS (52) 

CHARACTERISTICS 

DEMAND-
RESPONSIVE 
S Y S T E M S 

TAXI 
S Y S T E M S 

F I X E D - R O U T E 
AND S C H E D U L E 
BUS S Y S T E M 

R O U T E 
DEVIATION 
S Y S T E M 

E X P R E S S 
BUS TRANSIT 
S E R V I C E 

CAR 
POOLING 

Service area 
(square miles) 

1.0 (mm) 1.0 (min) No minimum No minimum No minimum No minimum 

Population density 
(persons per square mile) 

1,000 (mm) 1,000 (mm) Medium to 
high 

Medium to 
high 

Low to medium Low to medium 

Average wait time (minutes) 10 to 15 10 to 15 15 or less Less than 30 Little or none Less than 15 

Vehicle size (number of 
passengers) 

5 to 12 (avg.) 2 to 5 20 to 40 20 to 40 20 to 40 2 to 5 

Average fare $0 50to$I 25 $0 75 to $1.25 $0 35 to $0.50 $0.50 to $0.75 $0.35 to $0.50 None specified 

Time. Must know in advance if 
service is required (minutes) 

30 30 None 30 or less Little or none Overnight 

Schedule required No No Yes Yes Yes Yes 

Distance to vehicle 
pick-up point (blocks) 

None None 3 Flexible 3 None 

assumptions were tested by Jones ( J i ) . Briefly, these 
assumptions state that: 

1. Changes in external corridor traffic are related to 
changes in vehicle registration of the county. 

2. The amount of external-internal traffic destined to the 
CBD is related to the percentage of total employment in 
the CBD. 

3. The percentage of total external traffic that is external-
external or external-internal is stable over time. 

4. Total external trips and external-external trips can be 
estimated by an equation developed for other cities having 
the same population range, and that the relationship devel
oped remains stable over time. 

The corridor planning procedure attempts to update past 
cordon station volumes through the growth in vehicle regis
tration. I f this check is successful, future volumes (total 
externals) are projected for each external cordon station. 
If this check fails, another procedure, such as cordon sur
vey, statewide model, or multiple regression model from 
the cited reference (55), is used Corridor midpoint and 
inner point volumes are stratified by type to establish 
internal-internal trips at each of the points. The external-
internal trips to the CBD are correlated with the ratio of 
CBD employment to total employment. The internal-
internals are factored separately. The procedures are de
scribed as flow charts shown in Figures 11, 12, and 13. 
The details are discussed in Appendix G. 

Corridor Identification 

A corridor area generates trips that are served by one or 
more basically parallel major streets withm the corridor, 
and the orientation of a corridor in small urban areas is 
basically towards the central area. With knowledge of the 
local travel habits supplemented by aerial photographs, 
street classifications, land-use maps, and traffic volume 

maps, the corridor limits can be determined. The corri
dor boundary should be equidistant between the arterials 
of adjacent corridors unless physical constraints dictate 
otherwise. Radial corridors may overlap with other cor
ridors identified along circumferential or cross routes. 

The identification of corridors begins with the delinea
tion of the central area This central area includes the 
CBD, or core, and generally includes the "frame" of the 
CBD. Specifically, the central area begins at the point 
where radial corridors and the arterial streets serving the 
corridors merge and lose their individual idenUty. Usually 
the merging movement would be served by cross routes 
bordering the CBD, providing for the disbursement of 
traffic to scattered destinations. 

Methodology 

The Jones-Grecco procedure attempts to estimate future 
corridor volumes on the basis of a factoring of previous 
or present traffic volumes. Corridor traffic is stratified into 
external and internal trips. A portion of the external traffic 
originates from outside the cordon area and continues 
through the area. This external-external traffic is most 
likely to bypass the city center in the event a new Interstate 
or bypass route is constructed to serve that directional flow. 
The other segment of external traffic can be divided into 
two parts (a) external-internal to the CBD and (b) 
external-internal to non-CBD areas The external-internal 
traffic to non-CBD areas usually is so dispersed that it can 
be Ignored for the radial corridors 

The total external trips can be factored through a growth 
ratio based on the change in the county's vehicle regis
tration. Jones' methodology also proposes a multiple re
gression model to predict total external trips in those cases 
where the vehicle growth factor does not prove satisfactory. 
External trips should be obtained from statewide forecasts 
or by performing an external cordon study. The internal 
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PREVIOUS YEAR (k) EXTERNAL CORDON SURVEY WHICH PROVIDES ESTIMATES FOR EACH STATION (1) 
OF TOTAL EXTERNALS—Vj^; EXT-EXT—VE^j^; E X T - I N T ~ V I ^ j ^ ; EXT-INT TO CBD—VIC^j^. COUNTY 
VEHICLE REGISTRATIONS FOR PAST YEAR (k) AND PRESENT YEAR ( 1 ) , PRESENT AND FUTURE 
ESTIMATES OP DWELLING UNITS (DU), TOTAL EMPLOYMENT ( T E ) , AND RETAIL EMPLOYMENT (RE) 
BY CORRIDOR AND STUDY AREA. 

DELIMIT 
CBD 

[DELIMIT RADIAL 
CORRIDORS 

COMPUTE EXTERNAL GROWTH 
FACTORS BASED UPON COUNTY 
VEHICLE REGISTRATIONS FOR 
YEAR ( k ) . ( J ) [VEHGF]. 

ESTIMATE-' SPLIT OF 
TOTAL EXTERNALS AT 
EACH STATION (1) 
INTO EXT-EXT AND 
E X T - I N T . 

FORECAST TOTAL 
EXTERNALS BY USE 
OF [VEHGF] VEHICLE 
REGISTRATIONS PROM 
TIME 1 TO 

FACTOR TOTAL EXTERNALS (k ) 
AT EACH STATION (1) BY [VEHGF] 
TO ESTIMATE TOTAL EXTERNALS 
FOR YEAR ( 1 ) . COMPARE WITH 
GROUND COUNTS. 

ESTABLISH [VEHGF] 
FOR PERIOD FROM 
PRESENT (,1) TO 

Y E S / I S D I ^ F ^ r \LESS THAN/ MQ • 
\ 2000 / 

ESTIMATE THE TOTAL EXTERNALS 
AND EXT-EXT FOR EACH STATION 
( j ) BASED ON PREVIOUS SPLIT 

EXT-INT TO CBD = 
[EXT-INT][RATIO 
OF EMPLOYMENT: 
CBD TO TOTAL 
STUDY AREA . 

ESTIMATE FUTURE 
TOTAL EXTERNALS 
AND TOTAL EXT-
EXT BY REGRESSION 
EQUATIONS 

YES ESTIMATE AT CORRIDOR 
MIDPOINT AND AT CBD 
INNER CORDON—THE 
VOLUME OF INT-IOT 
FOR YEAR ( J ) AS 
[TOTAL V O L ] - [ E X T - E X T ] 
- [ E X T - I N T TO CBD] ° 

[CORGF][INT-
INT^] = [INT 
- J N T J _ _ _ 

COMPUTE [CORGF] AS 0.15 (DU^/ 
DU,) 
( R E ^ / R E ^ ) 

+ 0.10 ( T E ^ / T E j ) , + 0.15 
'FROM PREVIOUS 
CORDON STUDY, ASSUME 
STABLE PERCENTAGE 
S P L I T S . 

ADD 
' n • 

EXT-EXT"^ AND ESTIMATE CORRIDOR 
EXT-•INT TO CBD PLUS DEFICIENCIES AT EXT-•INT TO CBD PLUS DEFICIENCIES AT 
INT- •INT AT EACH POINT EACH POINT 

PLAN IMPROVEMENTS 
TO REDUCE DEFICIENCIES 

• I P EXT-EXT ARE BYPASSED, OMIT 

Figure 11. Corridor growth factor model—Procedures 1 and 2 

trips in the corridor can be factored based on the changes 
in parameters most related to trip production such as 
population, employment, or automobiles. 

External Trips 

Different procedures are developed for determinmg the 
various elements of the external traffic dependmg on (a) 
the availability of a previous external cordon survey and 
(b) knowledge of past traffic volumes at the external cor
don stations. When both an external survey and historical 
volume data are available, the procedure basically ex
amines how well the historical data, after factoring, agree 
with present-day ground counts. I f substantial agreement 
is achieved, then the historical relationship is assumed to 
be valid for the future. In the case of disagreement, it is 
necessary to rely on new cordon surveys or statewide 
modeling. The five procedures for forecasting external trips 
(see Figs. 11, 12, and 13) are developed for the following 
situations: 

Procedure 1. An external cordon survey study is avail
able. When previous ground counts are factored propor
tional to the change m the county's vehicle registration, the 

volume is within acceptable agreement with the actual ex
ternal traffic counts. The next step is to utilize the forecast 
change in vehicle registration to forecast total external trips 
for each cordon station. 

Procedure 2. An external cordon survey study is avail
able, but the present-year ground counts do not check 
within acceptable limits. I t is necessary to use other tech
niques to forecast future external trips. 

Procedure 3. Only traffic volumes for a past year (pref
erably more than five years back) are available for the 
external cordon stations. When updated through a growth 
factor, the actual ground traffic counts check within ac
ceptable limits with estimated traffic volumes for the pres
ent year. The next step is to utilize the forecast change in 
vehicle registration to forecast total external trips for each 
cordon station. 

Procedure 4. Traffic volumes for a past year are avail
able, but the actual ground traffic counts do not check, 
after being updated through a growth factor, with the esti
mated traffic volumes for the present year. I t then becomes 
necessary to use other techniques to forecast future exter
nal trips. 
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PREVIOUS GROUND COUNTS OR ADTS (5 OR MORE YEARS) AT EXTERNAL STATIONS ( 1 ) . ESTIMATE 
OF EXT-EXT AS PERCENT OP TOTAL EXTERNALS OR PERFORM EXTERNAL CORDON FOR PRESENT YEAR. 
COUNTY VEHICLE REGISTRATIONS FOR PAST YEAR (k) AND PRESENT YEAR ( J ) . PRESENT AND 
FUTURE ESTIMATES OF DWELLING UNITS (DU), TOTAL EMPLOYMENT ( T E ) , AND RETAIL EMPLOYMENT 
(RE) BY CORRIDOR AND STUDY AREA. T 
DELIMITI 
CBD 

DELIMIT RADIAL 
CORRIDORS 

COMPUTE EXTERNAL GROWTH 
FACTORS BASED UPON COUNTY 
VEHICLE REGISTRATIONS FOR 
YEAR ( k ) . (.n rVEHGPl. 

ESTIMATE-^ SPLIT OF 
TOTAL EXTERNALS AT 
EACH STATION (1) 
INTO EXT-EXT AND 
EXT-INT. I 

"ACTOR TOTAL GROUND COUNTS 
(k) AT EACH STATION (1) BY 
[VEHOF] TO ESTIMATE TOTAL 
EXTERNALS FOR YEAR ( 1 ) . 
gffflf ARE WITH OROUND COUNT? 

FORECAST TOTAL 
EXTERNALS BY USE 
OF [VEHGF] VEHICLE 
REGISTRATIONS FROM 
TIME 1 TO .1. 

ESTABLISH [VElIGPl 
FOR PERIOD FROM 
PRESENT ( J ) TO 
FUTURE YEAR ( n ) . 

YES / I S DIPF.X 
•—/LESS THAN> 

\ 2000 / 
NO 

ESTIMATE THE TOTAL EXTERNALS! 
FOR EACH STATION (1) BASED 
ON F I E L D COUNTS 

EXT-INT TO CBD ' 
[EXT-INT][RATIO 
OF EMPLOYMENT: 
CBD TO TOTAL 

ESTIMATE FUTURE 
TOTAL EXTERNALS 
AND TOTAL EXT-
EXT BY REGRESSION! 
EQUATIONS 

YES 

[CORGF][INT-
I N T j ] = 
[ INT-INT^] 

ESTIMATE AT CORRIDOR 
MIDPOINT AND AT CBD 
INNER CORDON—THE 
VOLUME OF INT-INT 
FOR YEAR ( J ) AS 
[TOTAL VOL] - [ E X T - E X T ] 
- [ E X T - I N T TO CBD] ° 

ADD E X T - E X T ' AND 
EXT-INT TO CBD PLUS 
INT-INT AT EACH POINT 

COMPUTE [CORGF] AS 0.15 ( D U y 
D U . ) + 0 . ' ) 0 ( T E „ / T E , ) + 0 . 1 5 
(RE^/RE^)° 

^FROM SIMILAR 
STUDIES, ASSUME 
PERCENTAGE SPLIT 

ESTIMATE CORRIDOR 
DEFICIENCIES AT 
EACH POINT 

PLAN IMPROVEMENTS 
TO REDUCE DEFICIENCIES 

-IP EXT-EXT ARE BYPASSED, OMIT 
Figure 12. Corridor growth factor model—Procedures 3 and 4. 

Procedure 5. No previous traffic counts or cordon sur
vey results (greater than 4 years back) are available for 
the cordon stations. 

Internal Tnps 

The methodology for estimating future internal traffic in a 
corridor involves simply the use of a growth factor, which 
would adequately represent the growth of all "activities" in 
the corridor. Corridors commonly contain an agglomera
tion of land uses, each having a different trip generation 
necessitating a method of weighting. 

The attractiveness of various land uses from the stand
point of traffic generation is reflected by their trip genera
tion rates, which can be used as the weights in developing 
the growth factors. However, in the absence of reliable trip 
generation rates, the areawide proportions of trips for dif
ferent trip purposes can be used because the trip purposes 
can be related to specific land uses or selected parameters. 
It may be pointed out that the proportions of trip purposes 
for auto driver trips have been found simdar for various 
sizes of cities (55). 

The land-use parameters to be related to various trip 
purposes must be suitable for quantification and forecast
ing. Land area measurements, such as acres of land, have 
been used in many studies for this purpose but they pre
sent difficulties due to varying densities of development. 
Socioeconomic parameters, therefore, have been used fre
quently to represent land uses. 

The greatest number of internal trips result from work, 
home, and shopping purposes. The total number of em
ployees within a corridor is a good indicator for work and 
business trips. This information is available from several 
sources and is usually listed by business establishments. I t 
can be forecast satisfactorily. Shopping trips may be deter
mined by using the total number of retail employees by 
corridor, which can be obtained concurrently with the col
lection for work trips of the number of employees. Home 
trips can be determined based on the number of dwelling 
units within a corridor. 

Social-recreation trips to clubs, theaters, residential areas, 
and the like are difficult to represent with any single pa
rameter because of their diversity. The three parameters 
used for work and business, home, and shopping trips can 
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PDESENT GROUND COUNTS OP ADT AT EXTERNAL STATIONS ( 1 ) . 
ESTIMATE OF EXT-EXT AS PERCENT OF TOTAL EXTERNALS. 
PRESENT AND FUTURE ESTIMATES OF DWELLINO UNITS (DU), 
RETAIL EMPLOYMENT ( R E ) , AND TOTAL EMPLOYMENT (TE) DY 
CORRIDOR AND STUDY AREA^ I 
DELIMIT 

CBD 
DELIMIT RADIAL DELIMIT 

CBD CORRIDORS 
ESTIMATE FUTURE TOTAL EXTERNALS AND 
TOTAL EXT-EXT THROUGH REGRESSION EQUATIONS 

[CORGF][INT-INTj ll 
° [ INT-INT^] 

COMPUTE [CORGF] 
AS 0.1)5(DU„/DU.) 

n J 
+ 0 . ' ) 0 ( T E ^ / T E j ) + 
0 .15(RE^/RE^)= 

i:XT-INT AT STATION 
(1)=T0TAL EXTERNALS 
- E X T - E X T . 
EXT-INT TO CBD=[EXT-U 
INT][RATIO OF EMPLOY 
MENT: CBD TO STUDY 
AREA. 

ESTIMATE THE 
TOTAL EXTER
NALS FOR EACH 
STATION (1) 
BASED ON FIELD 
COUNT SPLIT 
ALSO EXT-EXT.-*• 

ADD EXT-EXT AND EXT-INT 
TO VALUES OP INT-INT AT 
EACH CORRIDOR POINT 

ESTIMATE CORRIDOR 
DEFICIENCIES AT 
EACH POINT 

ESTIMATE AT CORRIDOR 
MIDPOINT AND AT CBD 
INNER CORDON VOLUME 
OF INT-INT FOR YEAR ( J ) 
AS [TOT V O L ] - [ E X T - E X T ] -
[EXT-INT TO CBD]= 

ESTIMATE FUTURE TOTAL EXTERNALS 
AND TOTAL EXT-EXT THROUGH REGRESSION 
EQUATIONS 

2 

PROM SIMILAR STUDIES, 
ASSUME PERCENTAGE SPLIT 

I F EXT-EXT ARE BYPASSED,OMIT 

PLAN IMPROVEMENTS TO 
REDUCE DEFICIENCIES 

Figure 13. Corridor growth factor model—Procedure 5 

be assumed to represent these trips without the addition of 
a separate parameter. The average trip production rates 
per employee are established by dividing the proportion 
of total trips of respective trip purposes by the number of 
employees in the corresponding categories in the study area 
The same procedure is followed for the remaining parame
ters such as households. These rates are assumed to remain 
constant over time and are used in both the base and the 
target year. For the demonstration analysis, the percentage 
of the total internal trips to be represented by each of the 
three parameters of dwelling units, total employment, and 
retail employment were taken as 45, 40, and 15, respec
tively. In Columbus, Indiana, Jones used 50, 35, and 15 
as the percentages. The proper values to be used are a 
subject for further research. 

The procedure for developing a growth ratio for the 
internal trips in a corridor is summarized 

1. The relative trip rates for each parameter are multi
plied by the quantity of the parameter in the corridor for 
the base year, and the products are totaled. 

2. The procedure is repeated for the target year using 
forecast quantities of the parameters. 

3. The ratio of the target year sum to the base year sum 
IS the corridor growth factor. 

4. The corridor growth factor multiplied by the base-

year internal traffic volume in the corridor gives the forecast 
or design volume for the corridor 

The five procedures for different situations are described 
in the flow charts shown in Figures 11, 12, and 13 The 
details of the procedures are discussed in Appendix G. 

Demonstration 

In the development of the corridor growth procedure, 
French (55) tested his methodology in Lafayette, Indiana. 
Further development and refinement were added by Jones 
(55), using Lafayette and Columbus as demonstration 
cities In the recent demonstration, six Tennessee cities 
were used whose population ranged from approximately 
11,000 to 55,000. 

An over-all evaluation of the procedure indicates that the 
corridor growth method provides estimates of external traf
fic that are within the accuracy of 2,000 vehicles per day. 
For most corridors except those which carry an extremely 
large portion of through trips (external-externals) and those 
which serve special generators, acceptable results are ob
tained when the externals are factored according to the 
growth in county vehicle registrations 

It should be noted that it was not necessary to resort to 
the use of the multiple regression models as used in exter
nal procedures 2, 4, and 5; but the researchers decided to 
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provide the computations for test purposes. Model results 
of total externals for 1973 by model and actual ground 
counts were judged as unsatisfactory. This would indicate 
the need to place less reliance on cross-sectional models 
and use other techniques or to require a cordon survey. 
Results of the corridor check stations (near the CBD inner 
cordon and at midpoint) were found to be reasonable in 
most corridors. 

Although input data were available for future years, 
forecasts were not made. The only comparison that could 
be made is with the state DOT forecast. To know that 
these estimates were the same or different would not pro
vide a basis for companson or evaluation of the corridor 
method. It should be pointed out that the Jones-Grecco 
corridor technique represents a simplified approach for 
transportation planning, for which other suitable techniques 
also can be used. The technique presented was selected 
because it provided quick estimates of future corridor 
volumes with a minimum requirement for data collection 

LOCALIZED TRAFFIC IMPACT ESTIMATING PROCEDURE 

In addition to planning and designing major thoroughfares, 
urban transportation planners must be sensitive to the needs 
of local streets. The corridor or network models are usually 
oriented to arterial streets and thus are not suitable for 
assessing the impact of increased traffic loads on local 
streets. Specific land development decisions, particulariy 
the location of special activity centers on the fringe of a 
city where the land was previously vacant or in agricultural 
use, can place a large demand on the local street system. 
Traffic estimations are necessary m such cases to assess the 
impact of the impending land-use change on the local 
streets within a 1- to 2-mile area of influence. Such esti
mation procedures should be designed to provide insights 
into the following types of questions (57): 

1. How much traffic will the new development generate 
during various periods of a day' 

2. Will the additional traffic loadings exceed the peak-
hour capacity of the streets'' I f so, can traffic operational 
changes relieve the problem or will major improvements, 
such as widening of the existing facility or provision of a 
new facility on a different alignment, be required to meet 
the traffic demand? 

3 If It IS undesirable to program additional road im
provements, can the increased traffic load be met by other 
transportation means such as carpooling or public transit, 
or should the size of the development be restricted to 
conform to street or corridor capacity? 

The traffic impact analysis for special activity centers 
enables local officials to structure policy decisions to limit 
land development or program the needed transportation 
improvements. Typical activity centers generally ranked 
as having high, medium, and low traffic impacts are (57). 

1 High impact—shopping centers (all sizes), free
standing department stores, grocery stores, large office 
buildings, industrial developments, large apartments, col
leges, high schools, hospitals, drive-in banks, drive-in res
taurants, drive-in theatres, car washes. 

2. Medium impact—smaller apartments, medical clinics, 
smaller office buildings, sit-down restaurants, motels, ser
vice stations, libraries, mobile home parks, airports (com
mercial), CIVIC centers, truck terminals, bowling alleys, ele
mentary schools, recreational facilities. 

3. Low impact—subdivisions, retirement communities, 
airports (general aviation). 

Over the past several years extensive data have been 
collected regarding the amount of vehicular trips originat
ing or terminating at a particular type of land use (57-66). 
Data can be obtained on daily generation rates, peak-hour 
rates, and directional distributions. In lieu of precise esti
mates available for a particular community, reliance can 
be placed on secondary sources. Available rates are based 
on cross-sectional data; they must be viewed in terms of 
average values and should be used only as guides (see 
Table 8) A range of values, however, can help frame the 
size and scope of a problem and encourage the exploration 
of alternative development policies. 

Traffic Estimation Strategy 

Figure 14 outlines a potential procedure for estimating the 
traffic volumes generated by a special activity center dur
ing Its peak hour of operation and the peak street hour. 
The peak-hour operational volume represents the highest 
combined in-and-out traffic movement observed at the site 
of an activity center. The peak street hour represents the 
hour during the day when the highest traffic movement 
occurs on streets in the vicinity of the development. The 
distinction between the two types of peak hours may not 
be critical because peak flows produced by a generator, as 
noted in Table 7, do not necessarily overiap with the peak 
flows on the local street system For design purposes, 
however, both values must be considered (65). 

After determining the number of trips generated from 
different land uses, attention must be given to the distribu
tion of trips over the local street system For this purpose, 
attenuation factors are applied to represent the decay of 
trips as a function of distance from the special generator 
(64, 67). When the distribution of trips to traffic zones is 
completed, manual assignments can be made to estimate the 
additional traffic loadings on existing roads in the area. By 
incorporating directional splits in the trip distribution, 
intersection turning movements also can be estimated. In
formation on the trip distribution pattern and decay curves 
for special generators is not as adequate as the trip genera
tion characteristics previously discussed. Yet, if necessary, 
some information can be acquired through limited field 
surveys conducted at a similar site in the local community, 
and car pool surveys conducted m numerous cities provide 
a wealth of data for work trips. 

Example of Application 

Given the anticipated development of a large motel, office, 
and commercial complex on the outlying fringe of a small 
urban area, as shown in Figure 15, it is desired to deter
mine the ability of the arterial roads in the vicinity of the 
generator to accommodate future traffic loads. 
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TABLE 7 

TRIP-GENERATION RATES FOR VARIOUS ACTIVITY UNITS 

SITE 
NO.* ACTIVm' UNIT 

TRIP-GENERATION RATES" BASED 
ON EXISTING VOLUME COUNTS 

PUBUSHED TRIP-GENERATION RATES' 
USED FOR FUTURE PROJECTION 

1. Hospital 
2. Restaurant (sit-down) 
3. Motel #1 
4. Office building # 1 
5. Motel #2 
6. Restaurant with motel #2 
7. Motel #3 
8 Restaurant with motel #3 
9. Office building #2 

10. Shopping center (including an 
office building) 

11. Office park 
12. Apartments (adults only) 

3.02 trips/bed, 2.0 trips/employee 
7.0 trips/1000 sq. ft., 2 0 trips/employee 
3 14 trips/room, 2.5 trips/employee 
19.25 trips/1000 sq. ft. 
3 14 trips/room, 2 5 trips/employee 
33.0 trips/1000 sq. it., 2.5 trips/employee 
3 2 trips/room, 2.25 trips/employee 
33 trips/1000 sq. ft., 2.25 trips/employee 
13 87 trips/1000 sq.ft. 

20 trips/1000 sq. ft. 
14.3 trips/1000 sq. f t 
2.1 trips/unit 

9.0 trips/bed, 2.0 trips/employee 
237 trips/1000 sq. ft., 2.0 trips/employee 
9.0 trips/occupied room, 2.5 trips/employee 
17 trips/1000 sq.ft. 
9.0 trips/occupied room, 2.5 trips/employee 
237 trips/1000 sq. ft., 2.5 trips/employee 
9.0 trips/occupied room, 2.5 trips/employee 
237 trips/1000 sq. ft., 2.5 trips/employee 
17 trips/1000 sq.ft. 

20 trips/lOOOsq. ft 
17 trips/1000 sq ft. 
8.1 trips/unit 

• Correspond to those of Fig. 15. 
Rates are for vehicle trips and includes Uips coming into and leaving a facility 

The trip generation analysis for this site progressed in 
two distinct phases because part of the complex was al
ready completed, and the remaining portion would be com
pleted within the next two years. For the first phase, 
the existing traffic estimate was based on the present de

velopment; for the second phase, traffic generated when 
the project reaches completion was estimated. The basic 
objective was to conduct a capacity analysis for which 
traffic loadmgs and turning movements had to be estimated 
for the critical road sections between points A and E as 

TABLE 8 

TYPICAL PEAKING CHARACTERISTICS OF SPECIAL GENERATORS ° 

TYPE PEAK HOURS 

PEAK VOLUME AS 
PERCENT ( % ) OF 
TOTAL DAILY 
TRAFFIC 
GENERATED 

High Impact: 
Shopping centers 4-6 pm, 7-8 pm 9 to 16 

Discount stores 
2-5 pm Saturday 

Discount stores 7-8 pm 10 
Industry 7-8 am, 2-5 pm 13 to 33 
Apartments 4-7 pm 10 to 15 
Colleges 7-8 am, 4-6 pm 10 to 25 
High schools 7-9 pm 17 to 32 
Hospitals 7-8 am, 2-5, 7-8 pm 9 to 25 
Fast food 

7-8 am, 2-5, 7-8 pm 

restaurants 12-1 pm 13 
Medium Impact: 

Sit-down restaurant 8-9 am 
12-1 pm, 5-7 pm 13 

Medical offices 9-10 am, 2-5 pm 11 to 17 
Airport 7-8 am 

3-6 pm, 8-9 pm 10 to 50 
Mobile homes 7-9 am, 4-6 pm 10 to 15 
Civic centers Vary 11 to 16 

Low Impact 
Park facilities 3-5 pm 10 to 20 
Residential 

3-5 pm 

subdivision 7-8 am, 4-7 pm 10 to 14 
Retirement 

7-8 am, 4-7 pm 

community Vary 11 to 27 

• Sources vary 
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shown in Figure IS. Trip productions can be estimated 
as a function of such variables as floor area, employment, 
number of residential units, and so forth, which reflect the 
relative intensity of development, and typical trip rates are 
available in the literature. For the completed develop
ments, 8-hr turning-movement counts were collected and 
expanded to annual average daily traffic (AADT) esti
mates, as shown in Figure 16. Based on the volume 
counts, it was possible to estimate the trip production rates 
for each activity unit, as given in Table 8. Comparisons 
indicated that these tnp rates were generally lower than 
the published rates for comparable land uses in other com
munities (65). The variations can be explained in terms 
of the unique characteristics of the community or the type 
of development, or may be attributed to the fact that the 
development had been completed just recently and its traffic 
productions had not yet matured. Acceptance of the latter 
argument suggests desigmng for higher traffic volumes. 
Supplemental traffic counts obtained for similar land uses in 
the community could help establish the adequacy of the 
published trip rates for application in the smaller urban 
area 

In the second phase of this analysis, published rates were 
accepted as reasonable and the traffic generated was re
computed for the ultimate planned development and as
signed to the critical road sections based on the observed 

Compute D a l l y T r i p s 
G e n erated by 

A c t i v i t y C e n t e r 
E s t a b l i s h S i t e o f 

S p e c i a l A c t i v i t y C e n t e r 
Compute D a l l y T r i p s 

G e n erated by 
A c t i v i t y C e n t e r 

E s t a b l i s h S i t e o f 
S p e c i a l A c t i v i t y C e n t e r 

i 1 
C o r r e c t f o r T r a n s i t 
T r i p s and V e h i c l e 

O ccupancies 
D e t e r m i n e P o t e n t i a l 

S i z e o f 
A c t i v i t y C e n t e r 

C o r r e c t f o r T r a n s i t 
T r i p s and V e h i c l e 

O ccupancies 
D e t e r m i n e P o t e n t i a l 

S i z e o f 
A c t i v i t y C e n t e r 

F a c t o r t o Peak-Day 
and Peak-Hour Flows 

I f D i f f e r e n t From 
^ Communities' 

Peak-Hour Flows 

I f Same as 
Commun i t i e s ' 

Peak-Hour Flows 

D e t e r m i n e Peak-Hour 
Flows To/From 

A c t i v i t y C e n t e r 

D e t e r m i n e T r i p s To/From 
A c t i v i t y C e n t e r A t Time 

o f Community's Peak 
HPtir 9f,Travel 

DeTTKi 
D i r e c t i o n a l S p l i t 

A p p l y T r i p A t t e n u a t i o n 
F a c t o r s and D i s t r i b u t e 
T r i p s S p a c l a l l y Over 

t h e C o n m i n l t y 

D e f i n e 
D l r e c t l o m i l S p l i t 

A p p l y T r i p A t t e n u a t i o n 
F a c t o r s and D i s t r i b u t e 
T r i p s S p a c l a l l y Over 

t h e Community 

Add A c t i v i t y C e n t e r ' s 
f'eak-Hour T r i p s t o 
L o c a l S t r e e t s Peak-

Hour Volume 

Add A c t i v i t y C e n t e r ' s 
T r i p s t o Comiminlty's 
Peak-Hour Volume 

Add A c t i v i t y C e n t e r ' s 
f'eak-Hour T r i p s t o 
L o c a l S t r e e t s Peak-

Hour Volume 1 
Compare E s t i m a t e d Volumes 

W i t h C a p a c i t y 

Figure 14 Flow diagram for localized impact analysis. 

Jizsr, 
J 

I (^it-eLocun) U 
i6em^ 

40 rooms 

/ / 9 n » / 7 7 S 
4312 sa.ft. 

'5/MoteL*2 

K e s t a u r a n 

I i 

A R T E R I A L © <8> 

(jsnteir 

^ / / . O f f i c e RtrX: 5 BLdqs. 

-DeaA. 

(AiiuirsOn/^y 

Figure 15. Land-use development for case study. 



44 

© 
CO to 

0> 0) 

1^ J 3724-14834-

5Z7I 

M o y ^ L 
R E 5 T A U R A M T 

AW 

3 2 7 7 

0 
**-

® 
t 

@ 

Figure 16 Existing turning movements at case study site. 

H — 

rata 

94-18 

I092» 

7619 

MoTe. i_ 
RE5TAU R/\»4T 

6146 U » 

vol 
0) 

24-Hour ADT 
Figure J 7 Estimated turning movements at case study site 



45 

trends in turning movements. The results are shown in 
Figure 17. With these traffic estimates available, the final 
step involves comparison of the projected traffic volumes 
with roadway capacities, leading to the identification of 
potential difficulties that will need to be addressed in the 
immediate future. I t should be noted that, through the use 
of attenuation factors representing vehicle trip lengths, the 

trips can be assigned to links beyond the immediate area 
of concern. Trip distribution estimates based on the spatial 
distribution of activities in the community can aid in esti
mating turning movements at key intersections. Traffic 
estimates such as those provided by the foregoing example 
can become an integral part of a city street priority-needs 
analysis (.68). 

CHAPTER FIVE 

CONCLUSIONS AND SUGGESTIONS FOR FUTURE RESEARCH 

CONCLUSIONS 

The initial task of this research was to establish the nature 
of the UTP process required for small urban areas. As 
a result, extensive investigation needs were established at 
three levels—organizational, procedural, and technical. The 
nature of findings ranges from general or policy-type at the 
organizational level to more specific at the technical level 
From the research the following conclusions can be stated: 

1 Past attempts at urban transportation planning have 
been largely process-oriented instead of issue-dependent. 

2 Previous organizational and procedural approaches 
have failed to recognize explicitly that planning must be 
performed in a variety of environments under various 
institutional, personnel, and other resource constraints 
Technical procedures must be selected on the basis of 
resources available and issues to be resolved. A recom
mendation was made to alter the present organizational 
framework to overcome these shortcomings. 

3. Customization of the procedures for land-use planning 
would tend to foster a transportation planning process that 
IS more responsive to local needs by identifying those issues 
most important to the community. Wide-spread concern 
for the environment causes a change in the sequencing of 
considerations for future land-use developments. Impacts 
of new land-use proposals on transportation facilities need 
to be evaluated prior to an approval for a change in zoning. 
Such approval places transportation planning into a lead 
position rather than one of having to catch up with 
demands. 

4. Traffic forecasting procedures should be customized 
for varying levels of analysis and differing time frames to 
best respond to the decisions required. Past studies in large 
urban areas concentrated on developing area-wide trans
portation systems for 20 years and, hence, utilized complex 
computer-oriented network analysis and travel simulation 
techniques. 

5. It IS possible to reduce the time and cost require
ments of network simulation procedures through the use 
of synthetic travel models. However, there is a need to 
complement this approach with a selectively chosen small-

sample home-mterview survey as well as an external cordon 
roadside survey Savings in planning also can accrue as a 
result of better coordination of data needs for transporta
tion and land-use planning. 

6. Disaggregate behaviorial models have added consid
erable flexibility and reduced the magnitude of data re
quirements They can be extremely valuable in the up
dating phase of the continuing planning process. 

7 Short-range transit planning for small urban areas can 
be more effective by using a consumer-oriented approach 
that differentiates between transit demand characteristics in 
the study area Demand analysis is performed in terms of 
potential market segments and, subsequently, a broad range 
of transit alternatives is evaluated from the standpoint of 
meeting the needs and preference of each market. Demand 
concentrations by time of day and/or spatial distribution 
of trip ends should be evaluated for feasibility analyses, but 
at the same time the need for experimentation and demon
stration must be fully recognized. 

8 Many small-area transportation problems are pri
marily congestion on certain major arterial streets. This 
level of analysis is best handled with the corridor approach. 
For those small urban areas which meet the criteria, a cor
ridor growth factor based on dwelling units and employ
ment densities can yield acceptable traffic estimates for 
present and future conditions. 

9. In many instances the siting of a new specific traffic 
generator in a small urban area has monumental traffic 
impact. Simplified techniques using locally derived or bor
rowed trip rates for various land uses can provide data 
required for assessing localized traffic impacts. 

10. Each effort of an agency to respond to requests for 
planning services should be approached with a fresh and 
open attitude toward coordination and an explicit effort to 
explore the possibilities and needs for coordination before 
the assignment of responsibilities and technical tasks is 
firmed-up to the point of inflexibility 

SUGGESTIONS FOR FUTURE RESEARCH 

One of the findings of this research is that the existing 
transportation planning process does not always meet the 
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vaned needs and resources of small urban areas and that 
customized procedures must be developed for different 
situations. However, further investigations must be per
formed to answer the followmg questions: 

1. Who should make customization in transportation 
planning a reality? 
^ 2. How can one achieve customized procedures and at 
the same time require minimum levels of performance and 
coordination with an over-all process' 

3. How can one ensure that long-range planning will not 
be sacrificed for short-range programs for which there is 
also a great need? 

Further research is necessary on improved planning tech
niques. Traffic estimation procedures based on the dis

aggregated approach cannot be successful unless techniques 
for forecasting household charactenstics at the disaggre
gate level are improved and simplified. Research is needed 
to examine the various trip-generation techniques for time 
stability and the transferability of cross-sectional data from 
area to area. More tests need to be performed to compare 
results of alternative corridor growth techniques. Transit 
planning using the market-oriented approach has great po
tential but requires further investigations in varied environ
ments. Research is needed into the options of transit ser
vice that might be accepted in small urban areas. 

Lastly, there is a need for research into the ways in 
which citizens participate in the planning of small urban 
areas. Is the leadership group similar to or different from 
those in larger urban areas? How can citizen participation 
be better utilized? 
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Bob Caldwell 
Charles Caldwell 
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Caldwell and 
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Bryan, 
Texas 

Dick Courtney Chief of Planning A t l a n t a Regional 
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John Edwards President T r a f f i c Planning 
Association 

A t l a n t a , 
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Department 
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Department 
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State Department of 
Community Development 
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George Olson D i r e c t o r of State 
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APPENDIX B 

SURVEY OF PLAN DOCUMENTS 
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b C i t i z e n p a r t i c i p a t i o n 

c P l a n n i n g t i m e f r a m e 

d D a t a r e q u i r e m e n t s 

e. D o c u m e n t a t i o n and r e c o r d i n g p r o c e d u r e s 
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h . C o o r d i n a t i o n 

The scope o f each i s s u e and m a j o r f i n d i n g s a r e r e v i e w e d 

b e l o w P u l l d o c u m e n t a t i o n o f t h e f i n d i n g s and e x a m i n a t i o n 

o f p r o c e d u r a l v a r i a t i o n a r e f o u n d i n t h e M c N u l t y R e p o r t (69). 

D e f i n i t i o n o f Needs and G o a l F o r m u l a t i o n 

Community p l a n s r e q u i r e some d e f i n i t i o n s o f c o m m u n i t y 

n e e d s , b u t t h e p r o c e s s o f d e f i n i n g and r e c o r d i n g s u c h needs 

has n o t been r e d u c e d t o a s t a n d a r d p r a c t i c e I n some i n s t a n c e s 

t h e s t a t e m e n t o f needs may be s e t f o r t h i n t h e f o r m o f c o m m u n i t y 

g o a l s a d d r e s s e d t o a b r o a d r a n g e o f t o p i c s I n o t h e r I n s t a n c e s 

t h e s t a t e m e n t o f needs may be I n t h e f o r m o f a s p e c i f i c p r o b l e m 

s t a t e m e n t r e l a t e d t o a s i n g l e I s s u e 

G o a l s a r e g e n e r a t e d I n a v a r i e t y o f ways I n a m i n o r i t y 

o f c a s e s a b r o a d s e r i e s o f s t a t e m e n t s may be g e n e r a t e d by a 

Name T i t l e Agency Name 
Geographic 
LocatIon 

B i n P i c k e r i n g Planner Pennsylvania Department 
of T r a n sportation 

Harrlsburg, 
Pennsylvania 

W i l l i a m P o l l a r d D i r e c t o r of 
Planning 

P o l l a r d and Associates Memphis, 
Tennessee 

Ray P r u i t t D i r e c t o r State Department of 
Commjnity Development 

A u s t i n , 
Texas 

George Reed Planner P o l l a r d and Associates Hemph1s, 
Tennessee 

CI I f t o n Rogers President Rogers and Associates Harrlsburg, 
Pennsylvania 

Ron Schimed Planner P o l l a r d and Associates Hemph i s, 
Tennessee 

Bob Seago Planner Georgia Department of 
Tran s p o r t a t i o n 

A t l a n t a , 
Georgia 

LadIlas Segoe 
( r e t i r e d ) 

D i r e c t o r LadIlas Segoe and 
Associates 

C I n c l n n a t i , 
Ohio 

Charles Selvers C i t y A d m i n i s t r a t o r C i t y o f C l i n t o n C I i n t o n , 
Tennessee 

Joel Stone Chief of 
Transportation 

A t l a n t a Regional 
Comlsslon 

A t l a n t a , 
Georgia 

Dave Swltzer Public Works 
Dl re c t o r 

C i t y o f Alcoa Alcoa, 
Tennessee 

Don Waller D l r e c t o r of Local 
Planning 

Tennessee State 
Planning O f f i c e 

N a s h v l l i e . 
Tennessee 

D D Williamson D i s t r i c t Engineer State of Texas 
Highway Department 

Bryan, 
Texas 

D a r r e l l Wright Transportation 
Planner 

Vogt, Sage and Pflume 
and Associates 

C i n c i n n a t i , 
Ohio 
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c i t i z e n c o m m i t t e e c r e a t e d s p e c i f i c a l l y f o r t h a t p u r p o s e More 

f r e q u e n t l y t h e g o a l f o r m u l a t i o n p r o c e s s I s c a r r i e d o u t by a 

l o c a l p l a n n i n g c o m m i s s i o n o r c i t y c o u n c i l . 

The d e g r e e t o w h i c h g o a l s t a t e m e n t s a c c u r a t e l y r e f l e c t t h e 

v i e w s o f t h e p u b l i c i s op e n t o s e r i o u s q u e s t i o n . O f f t h e r e c o r d 

r e m a r k s by p l a n n e r s i n d i c a t e t h a t t h e p r o c e s s and t h e r e s u l t i n g 

s t a t e m e n t s a r e so m e t i m e s f o r m a l i t i e s t o w h i c h n e i t h e r t h e 

p l a n n e r s n o r t h e d e c i s i o n - m a k e r s pay much a t t e n t i o n . The 

r o l e o f t h e c i t i z e n p l a n n i n g c o m m i t t e e o r l e g i s l a t i v e body 

i s n o t I n f r e q u e n t l y a r a t i f i c a t i o n o f r a t h e r s u p e r f i c i a l s t a t e 

ments d r a f t e d by s t a f f I n s u c h a c o n t e x t , t h e g o a l s may 

r e f l e c t t h e I n t e n t and b i a s o f t h e s t a f f on t h e k i n d o f p l a n n i n g 

p r o c e s s t o be u n d e r t a k e n more a c c u r a t e l y t h a n t h e y r e p r e s e n t 

p u b l i c d e s i r e s G o a l s t a t e m e n t s I n t h e p l a n documents a r e 

o f t e n v e r y g e n e r a l , p e r h a p s s u p e r f i c i a l . 

The a s s u m p t i o n t h a t g o a l s s t a t e m e n t s w i l l a d d r e s s t h e 

p r o b l e m s and i s s u e s t h a t a r e on t h e min d o f l o c a l p u b l i c o f f i c i a l s 

s h o u l d be q u e s t i o n e d . S u b m e r g i n g p r o b l e m s w i t h i n g e n e r a l 

l a n g u a g e o f b r o a d g o a l s s t a t e m e n t s may I n f a c t r e d u c e t h e i r 

p r o m i n e n c e and i m p a c t on t e c h n i c i a n s p r e p a r i n g p l a n s . B r o a d 

g o a l s s t a t e m e n t s a r e u s e f u l and have a p l a c e i n t h e p l a n n i n g 

p r o c e s s , b u t s h o u l d n o t be a l l o w e d t o s u b s t i t u t e f o r r e s p o n s i v e 

n e s s t o s p e c i f i c needs o f c o m m u n i t i e s . When g e n e r a l g o a l s a r e 

a l l o w e d t o s u b s t i t u t e f o r i s s u e i d e n t i f i c a t i o n , t h e y l e g i t i m a t i z e 

t h e p r o d u c t i o n o f p l a n s on a b r o a d s c a l e t h a t may p r o v i d e l i t t l e 

o r no I n f o r m a t i o n on t h e p r o b l e m s as seen by l o c a l d e c i s i o n 

m a k e r s . I t i s l i t t l e w o n d e r t h a t s u c h d e c i s i o n - m a k e r s h a v e 

l i t t l e s y m p a t h y f o r i m p l e m e n t i n g s u c h g e n e r a l p l a n s . F i e l d 
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i n t e r v i e w s s t r o n g l y s u g g e s t t h a t p l a n s o r i e n t e d t o s p e c i f i c 

i s s u e s o r p r o b l e m s a r e more l i k e l y t o be s u p p o r t e d f o r I m p l e 

m e n t a t i o n t h a n g e n e r a l p l a n s . 

C i t i z e n P a r t i c i p a t i o n 

The u s e o f c i t i z e n c o m m i t t e e s has b e e n a s t a n d a r d p r a c t i c e 

I n u r b a n p l a n n i n g f o r many y e a r s . The p l a n n i n g c o m m i s s i o n 

was o r i g i n a l l y c o n c e i v e d as a mechanism t h a t w o u l d I n v o l v e 

" b l u e r i b b o n " c i t i z e n s d i r e c t l y I n t h e p l a n n i n g p r o c e s s . I t 

was t h o u g h t t h a t s u c h i n v o l v e m e n t w o u l d m o d e r a t e t h e t e c h n i c a l 

r e c o m m e n d a t i o n s o f p r o f e s s i o n a l s by f i l t e r i n g them t h r o u g h a 

g r o u p k n o w l e d g e a b l e o f c o m m u n i t y v a l u e s and d e s i r e s . V a r i o u s 

f e d e r a l l a w s and p r o g r a m s f u r t h e r i n s t i t u t i o n a l i z e d c i t i z e n 

p a r t i c i p a t i o n b y r e q u i r i n g c i t i z e n c o m m i t t e e s , as I n t h e W o r k a b l e 

Program f o r Community I m p r o v e m e n t , and by r e q u i r i n g p u b l i c 

h e a r i n g s b e f o r e p r o c e e d i n g w i t h s p e c i f i c p r o j e c t s s u c h as 

h i g h w a y s 

P l a n n e r s t o d a y w o r k w i t h i n t h e a c c u m u l a t e d c o l l e c t i o n o f 

c o m m i s s i o n s and c o m m i t t e e s p r o d u c e d b y p a s t l e g i s l a t i o n and 

p r o g r a m s . The a t t i t u d e s o f p r o f e s s i o n a l s e x p r e s s e d i n I n t e r 

v i e w s r a n g e f r o m t h e modest d e s p a i r o f t h o s e who w o r r y a b o u t 

t h e t i m e and e f f o r t r e q u i r e d t o d e a l w i t h t h e s e mechanisms 

f o r I n p u t s o f d u b i o u s q u a l i t y , t o t h e c y n i c i s m o f t h o s e who 

v i e w c o m m i t t e e s and p u b l i c h e a r i n g s as o b s t a c l e s t o be overcome 

on t h e way t o p l a n i m p l e m e n t a t i o n . I t I s n o t s u r p r i s i n g t h a t 

t h e r e i s some s k e p t i c i s m on t h e p a r t o f c i t i z e n s a b o u t t h e 

good f a i t h w i t h w h i c h p l a n n i n g a g e n c i e s s o l i c i t p u b l i c v i e w s 

C i t i z e n p a r t i c i p a t i o n has been a p o p u l a r s u b j e c t I n p l a n n i n g 

B-3 

l i t e r a t u r e i n r e c e n t y e a r s ( 7 0 ) . The v i s i b i l i t y o f t h e t o p i c 

I n t h e l i t e r a t u r e c o u l d l e a d t o t h e a s s u m p t i o n t h a t p l a n n e r s 

I n s m a l l c o m m u n i t i e s w o u l d r o u t i n e l y f o s t e r v i g o r o u s c i t i z e n 

p a r t i c i p a t i o n a c t i v i t i e s . B u t an e x a m i n a t i o n I n t h e f i e l d , 

t h r o u g h I n t e r v i e w s and e x a m i n a t i o n o f p l a n s , does n o t s u p p o r t 

t h e a s s u m p t i o n . 

P u b l i s h e d p l a n d o c u m e n t s a r e v i r t u a l l y d e v o i d o f i n f o r m a 

t i o n a b o u t t h e methods o r c o n t e n t o f c i t i z e n i n p u t Tbe 

i n t e r v i e w s p r o d u c e d no c l e a r c o n s e n s u s o f v i e w s . The e x p e r i e n c e 

o f i n c r e a s e d c i t i z e n I n v o l v e m e n t o v e r t h e l a s t f i f t e e n y e a r s 

does seem t o have p r o d u c e d a g r e a t e r a w a r e n e s s among p l a n n e r s 

o f t h e need t o a n t i c i p a t e p u b l i c r e a c t i o n t o p l a n p r o p o s a l s . 

B u t t h e r e i s no u n i t y o f t h o u g h t on t h e p r o p e r r o l e o f c i t i z e n s 

I n r e l a t i o n t o t h e p r o f e s s i o n a l s and e l e c t e d o f f i c i a l s . One 

p e r s i s t e n t v i e w i s t h a t t h e t i m e r e q u i r e d t o p r o g r e s s f r o m 

t h e b e g i n n i n g o f t h e p l a n n i n g p r o c e s s t o p l a n a d o p t i o n o r 

I m p l e m e n t a t i o n i s l e n g t h e n e d I n d i r e c t p r o p o r t i o n t o t h e amount 

o f c i t i z e n I n v o l v e m e n t . 

P l a n n i n g Time Freune 

The u s e o f a s t a t e d t i m e f r a m e i s a w e l l - a c c e p t e d t e c h n i q u e 

I n u r b a n p l a n n i n g . The t i m e f r a m e s e r v e s as a common d i m e n s i o n 

f o r f o r e c a s t s o f p o p u l a t i o n , e m p l o y m e n t , l a n d use^ and o t h e r 

d a t a W i t h o u t t h e u n i t y o f a common t i m e f r a m e o r some o t h e r 

common d i m e n s i o n , t h e s e e l e m e n t s c o u l d e a s i l y be I n c o n s i s t e n t , 

The I n v e s t i g a t i o n shows t h a t t h e o v e r w h e l m i n g m a j o r i t y o f 

t h o s e p l a n s t h a t r e p o r t a t i m e f r a m e u s e a t w e n t y - y e a r p e r i o d 

A few c i t i e s a r e w o r k i n g on f i v e - o r t e n - y e a r t i m e f r a m e s . I t 
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i s c l e a r t h a t t h e w i l l i n g n e s s o f a g e n c i e s t o use s h o r t e r t i m e 

f r a m e s i s f o u n d more f r e q u e n t l y i n t h e l a r g e r a g e n c i e s . T h i s 

I n d i c a t e s t h a t a g e n c i e s r e s p o n s i b l e f o r p l a n n i n g i n s m a l l 

c o m m u n i t i e s a r e c o m m i t t e d t o t h e a c c e p t e d p r a c t i c e o f l o n g -

r a n g e p l a n n i n g . 

D a t a R e q u i r e m e n t s 

The c o m m u n i t y p l a n n i n g p r o c e s s r e q u i r e s many d i f f e r e n t 

k i n d s o f i n f o r m a t i o n . I n c l u d i n g s u c h t h i n g s as p o p u l a t i o n 

and e c o n o m i c d a t a , p h y s i o g r a p h i c d a t a , s o c i o l o g i c a l d a t a , 

e t c F o r p u r p o s e s o f t h i s r e s e a r c h , t h e most c r i t i c a l d a t a 

I s t h a t r e q u i r e d as an I n p u t i n t o t h e p r o c e s s o f f o r e c a s t i n g 

t h e amount and d i s t r i b u t i o n o f f u t u r e l a n d u s e . E i g h t e e n 

p o t e n t i a l I n p u t s were i n v e s t i g a t e d . The f r e q u e n c y o f t h e i r 

u s e I s shown I n T a b l e B - 1 , I n t h i s t a b l e , " t r a n s p o r t a t i o n " 

means t h a t e x i s t i n g and p r o p o s e d t r a n s p o r t a t i o n f a c i l i t i e s 

and f l o w s a r e t a k e n i n t o a c c o u n t I n l a n d u s e f o r e c a s t s . The 

a p p l i c a t i o n o f d a t a t o t r a n s p o r t a t i o n s t u d i e s has been d i s 

c u s s e d I n t h e r e p o r t . 

The t e n most commonly u s e d i n p u t s w e re p o p u l a t i o n , 

e x i s t i n g d e v e l o p m e n t , m a s t e r p l a n c o n s i d e r a t i o n s , l a n d 

u t i l i z a t i o n r a t e s , e c o n o m i c p r o j e c t i o n s , p h y s i o g r a p h i c 

I n f l u e n c e s on d e v e l o p m e n t , q u a n t i t y o f v a c a n t l a n d , p a s t 

t r e n d s , t r a n s p o r t a t i o n f a c t o r s , and s o c i a l and c o m m u n i t y 

v a l u e f a c t o r s The l e a s t - u s e d i n p u t s were a r e a s i n t r a n s i 

t i o n , r e d e v e l o p m e n t p o l i c i e s , and z o n i n g p o l i c i e s . The number 

o f d a t a I n p u t s i n c r e a s e s w i t h t h e s i z e o f t h e c o m m u n i t y , 

B-5 
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D o c u m e n t a t i o n 

c a r e f u l d o c u m e n t a t i o n o f p r o c e d u r e s u s e d t o f o r e c a s t 

and d i s t r i b u t e f u t u r e l a n d u s e I s s e l d o m p r a c t i c e d O n l y 

a f ew o f t h e documentB t h a t were e x a m i n e d c o n t a i n e d e x t e n s i v e 

d e s c r i p t i o n s o f a s s u m p t i o n s , m e t h o d s , d a t a s o u r c e s , e t c 

Most had l i t t l e o r no d o c u m e n t a t i o n o f p r o c e d u r e s . The f r e q u e n c y 

o f d o c u m e n t a t i o n does i n c r e a s e w i t h p o p u l a t i o n s i z e o f t h e 

c o m m u n i t y . 

P r e s e n t a t i o n o f P l a n A l t e r n a t i v e s 

The d e v e l o p m e n t and p r e s e n t a t i o n o f a l t e r n a t i v e p l a n s 

f o r c o n s i d e r a t i o n by d e c i s i o n m akers I s one I n d i c a t o r o f the 

c o m p l e x i t y and amount o f e f f o r t e x p ended on a p l a n . When 

compared t o p o p u l a t i o n s i z e a c l e a r t r e n d emerges i n t h e 

p r e p a r a t i o n o f a l t e r n a t i v e p l a n s . O n l y t h r e e p l a n s i n t h e 

p o p u l a t i o n r a n g e o f 5»000 t o 25>000 f o r m a l l y p r e s e n t e d a l t e r n 

a t i v e s . A l l were e l a b o r a t e d m a n u a l l y and r e c e i v e d o n l y l i m i t e d 

e v a l u a t i o n . Two p l a n s p r e s e n t e d a l t e r n a t i v e s i n t h e 25,000 

t o 50,000 r a n g e w i t h b o t h p l a n s e l a b o r a t i n g t h e a l t e r n a t i v e s 

m a n u a l l y and one o f the p l a n s b e i n g e v a l u a t e d i n d e p t h . 

The f r e q u e n c y w i t h w h i c h a l t e r n a t i v e p l a n a were p r e s e n t e d 

I n c r e a s e d s i g n i f i c a n t l y w i t h t h e p o p u l a t i o n o f the c o m m u n i t y . 

P l a n U p d a t i n g 

P u b l i s h e d p l a n d o c u m e n t s show l i t t l e e f f o r t t o b u i l d 

o n p a s t e f f o r t s o r t o c r e a t e mechanisms f o r e a s y p l a n u p d a t i n g . 

A p p r o x i m a t e l y t h r e e - f o u r t h s o f t h e p l a n s e x a m i n e d made l i t t l e 

o r no m e n t i o n o f p l a n u p d a t i n g . The h i g h e s t p e r c e n t a g e o f 
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t h o s e p l a n s c o n t a i n i n g more t h a n s u p e r f i c i a l comments I n t h i s 

a r e a were I n c i t i e s above 100,000 p e o p l e . P l a n s a u t h o r e d by 

m u n i c i p a l a g e n c i e s were t h e o n l y ones where a u t h o r s h i p c o u l d 

be a s s o c i a t e d w i t h a p o s i t i v e e f f o r t t o b u i l d u p d a t i n g p r o 

c e d u r e s . The I n v e s t i g a t i o n p r o d u c e d f ew ex a m p l e s o f s m a l l 

c o m m u n i t i e s p u b l i s h i n g a n n u a l summaries o f amended p l a n s , 

o r p e r i o d i c u p d a t e s o f a p r e v i o u s l y p r e p a r e d p l a n . The t y p i c a l 

p l a n document had t h e a p p e a r a n c e o f h a v i n g been p r e p a r e d f r o m 

s c r a t c h . A n n u a l r e p o r t s t e n d t o r e c i t e d a t a on t h e number o f 

s u b d i v i s i o n p l o t s r e v i e w e d and t h e number o f z o n i n g c h a n g e s 

made w i t h t h e same p e r f u n c t o r y q u a l i t i e s f o u n d i n t h e p l a n s 

t h e m s e l v e s . 

The i n t e r v i e w s s u g g e s t t h a t p l a n u p d a t i n g may be more 

e f f i c i e n t t h a n t h e documents r e v e a l . S e v e r a l a g e n c y p e o p l e 

I n d i c a t e d t h a t t h e y seek t o p r o g r a m new c o m m u n i t y p l a n s on 

a c y c l e o f a b o u t e v e r y f i v e y e a r s and t o r e u s e p r e v i o u s l y 

c o l l e c t e d i n f o r m a t i o n t h a t r e m a i n s c o n s t a n t . I . e . , c l i m a t e 

and n a t u r a l f e a t u r e s . The p r e s e n c e o f a r e s i d e n t p r o f e s s i o n a l 

s t a f f a p p e a r s t o be a k e y t o c o n t i n u o u s u p d a t i n g o f i n f o r m a t i o n 

o f f e a t u r e s s u b j e c t t o c o n s t a n t c h a n g e . I n moat I n s t a n c e s , 

c o l l e c t i o n o f d a t a on l a n d u s e i s a f r e s h e f f o r t e a ch t i m e 

t h e p l a n I s u p d a t e d r a t h e r t h a n d r a w i n g on I n f o m a t l o n c o n 

t i n u o u s l y u p d a t e d I t c a n be a r g u e d t h a t i t i s e a s i e r t o 

do a new I n v e n t o r y i n a s m a l l c o m m u n i t y t h a n t o t r y t o keep 

i t up t o d a t e w i t h l i t t l e o r n o p r o f e s s i o n a l s t a f f . N e v e r 

t h e l e s s , w e l l m a i n t a i n e d r e g i o n a l I n f o r m a t i o n s y s t e m s o r d a t a 

f l i e s c o u l d m i n i m i z e t h i s p r o b l e m . 

B-9 
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APPENDIX C 

HOUSEHOLD STRATIFICATION MODELS 

Zonal Households, Average 
Household Size and Average 

Annual Income^ / 

s i m p l i f i e d Models f o r F o r e c a s t i n g H o u s e h o l d C h a r a c t e r i s t i c s 

T h e r e i s no g e n e r a l l y r e c o g n i z e d o r s t a n d a r d i z e d p r o c e d u r e 

a v a i l a b l e f o r f o r e c a s t i n g h o u s e h o l d c h a r a c t e r i s t i c s on a z o n a l 

b a s i s T h i s i n a d e q u a c y o f t h e s t a t e o f t h e a r t may be a t t r i 

b u t e d t o t h e f a c t t h a t s u c h d e t a i l e d d a t a have n o t been u s e d 

much f o r t h e l a n d use p l a n n i n g p r o c e s s and as such have been 

i g n o r e d However, i n r e c e n t y e a r s a few a t t e m p t s have been 

made p r i m a r i l y by t r a n s p o r t a t i o n p l a n n e r s t o d e v e l o p s i m p l i f i e d 

t e c h n i q u e s f o r p r e d i c t i n g t h e d i s t r i b u t i o n o f h o u s e h o l d 

c h a r a c t e r i s t i c s w i t h i n a zone (85) The p r o c e d u r e p r o p o s e d by 

W i l b u r S m i t h and A s s o c i a t e s i n c o n n e c t i o n w i t h t h e C h a r l o t t e -

M e c k l e n b u r g T r a n s p o r t a t i o n S t u d y f o r d e v e l o p i n g h o u s e h o l d 

s t r a t i f i c a t i o n by h o u s e h o l d s i z e . Income and c a r o w n e r s h i p 

i s d e p i c t e d by t h e f l o w c h a r t I n F i g u r e C-1 ( 7 1 ) The i n 

d i v i d u a l m o d e l s f o r h o u s e h o l d s i z e , income d i s t r i b u t i o n a nd 

c a r o w n e r s h i p b a s e d on 1970 d a t a a r e shown i n F i g u r e s C-2, 

C-3 and C - t , r e s p e c t i v e l y I t s h o u l d be n o t e d t h a t t h i s 

p r o c e d u r e d i d n o t a d d r e s s t h e q u e s t i o n o f f o r e c a s t i n g t h e 

p o p u l a t i o n , number o f h o u s e h o l d s and a v e r a g e income I n each 

zone The p r o c e d u r e assumed t h a t t h o s e f o r e c a s t s w o u l d be 

d e v e l o p e d t h r o u g h s t a n d a r d t e c h n i q u e s 

The p r o c e d u r e u s e d i n t h e C h a r l o t t e - M e c k l e n b u r g T r a n s 

p o r t a t i o n S t u d y was d e s i g n e d s p e c i f i c a l l y f o r a t h r e e way 

c l a s s i f i c a t i o n o f h o u s e h o l d s i n c l u d i n g income as one o f t h e 

c h a r a c t e r i s t i c s However, as n o t e d e a r l i e r , t h e use o f Income 

C-1 

Households Size Model 

1̂ 

Zonal Households by Size and 
Zonal Average Annual Income 7 

Income D i s t r i b u t i o n Model 

\ Zonal Households b y / 
\ S l i e and Income / 

Car Ownership Model] 

Zonal Households 
Income and Car Ownership ̂  

by S i i e , / 
wnership / 

F i g u r e C-1 R e l a t i o n s h i p o f H o u s e h o l d S t r a t i f i c a t i o n M o d e l s 
Used f o r C h a r l o t t e - M e c k l e n b u r g Urban A r e a T r a n s p o r t a t i o n 
S t u d y S o u r c e ( 7 1 ) 

^Income i s n o t a n e c e s s a r y I n p u t t o t h e h o u s e h o l d 
s i z e m o d e l , b u t I s n e c e s s a r y f o r t h e s u b s e q u e n t 
s t r a t i f i c a t i o n s . 

(1) UOTWqTJqsTQ »nS PTOM'»non 

C-H 



Figure C-U. Car Ownership Model for Charlotte-
Mecklenburg Transportation Study (1972) 

I I I Multi-Car 

Non-Car 
Legend 

For 5 or more Persons 

I - Non-Car 
I I - One Car 
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Non-Car I I 
One car 

Por 3-t Persons 

I I I Multi-Car 
Non-car 

For 1-2 Persons 
~ n 5 5 io i5 D» TS I T 

KoimhoU Incoma ($) (Ttoiiuixl.) 
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with a wide coverage of the study area The actual procedure 
used to develop the models i s outlined below. 
Procedure for Developing Household Size and Auto-Ownershlp 
Models — The following i s a step-by-step procedure for 
developing household s t r a t i f i c a t i o n models based on the 
di s t r i b u t i o n of household size and auto ownership d i s t r i b u 
tions with the respective zonal average values 

1. For each zone, using the zonal factor r e f l e c t i n g 
sample s i z e , compute the number of households in 
each household-size category. (The categories should 
correspond to those used in c r o s s - c l a s s i f i c a t i o n , 
preferably 'l-Person,' '2-Persons,' '3 or 4-Persons' 
and '5 or more Persons' per household based on persons 
5 years or older.) 

2 Repeat step 1 for auto ownership categories, (Use 
categories 'O-Auto,' '1-Auto' and '2 or more Auto' 
per household,) 

3. For each zone estimate the t o t a l population and total 
number of autoe using data from steps 1 and 2. (Note 
that for a household-size or auto-ownership category 
using a range of values, an average value has to be 
assumed For example, for the category of '5 or 
more Persons per household,' an average of '5.^ 
Persons per household' may be appropriate.) 

k. Compute the average household-size and auto-ownership 
for each zone by dividing zonal population and number 
of autos computed by number of households. 
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as a variable may be avoided in tr a v e l simulation models due 
to the d i f f i c u l t i e s of forecasting, the prohibition of c o l l e c t i o n 
by some states, and the uncertainties regarding i n f l a t i o n . 
In such cases, a s i m i l a r procedure can be developed to s t r a t i f y 
the households in each zone by household s i z e and auto owner
ship only. The household s i z e model can be of the same type, 
but the auto ownership model must be changed to r e f l e c t the 
elimination of the Income variable. New auto ownership models 
can be developed using the same approach as used for the house
hold size — income distri b u t i o n models, i . e . , based on the 
relationship of the zonal distribution among the various 
categories with the average zonal value. However, I t I s 
questionable whether the auto ownership probabilities are 
independent of household s i z e and a technique to incorporate 
t h e i r relationship must be developed. The actual development 
of two sets of household s t r a t i f i c a t i o n models and the procedure 
used are discussed below. 

Developing Household S t r a t i f i c a t i o n Models 
This study developed two sets of household s t r a t i f i c a t i o n 

models for two small c i t i e s - Racine, Wisconsin (population 
approximately 110,000) and Elizabethton, Tennessee (population 
approximately 20,000). The household c h a r a c t e r i s t i c s used 
were household size (based on the number of persons 5 years 
or older) and auto ownership. The same categories were used 
in both cases so that the models from two different c i t i e s 
can be compared for s i m i l a r i t y . I t should be pointed out 
that the development of these models require 'factored' data 

C-6 

5. For the Household Size Model-
(a) Group the zones Into 17 classes based on the i r 

zonal average household-size — begin with '1.00 
to 1.25 persons per household,' then '1.26 to 
1.50,' . . . ., and end with 'more than 5.00 
persons per household.' 

(b) For each c l a s s , add the number of households 
in each household-size category for a l l zones 
belonging to the c l a s s and compute the proportion 
(or percentage) in each category. 

(c) Perform (b) for a l l 17 classes and plot the 
proportions of each household-size category 
against the midpoint of the respective c l a s s e s . 

(d) Draw a smooth curve through the points of the 
respective categories. (There w i l l be four 
curves, one for each household-size category ) 

6. For the Auto-Ownership Model 
(a) Group the zones into 12 classes based on t h e i r 

average auto-ownership—begin with '0 to 0.25 
autos per household,' then 0.25 to 0.5, . . . ., 
and end with '3.00 or more autos per household ' 

(b) For each c l a s s , add the number of households 
In each auto-ownership category for a l l zones 
belonging to the c l a s s and compute the proportion 
(or percentage) in each category 

(c) Perform (b) for a l l 12 classes and plot the 
proportions of each auto-ownership category 
against the midpoint of the respective c l a s s e s . 

C-7 C-8 
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(d) Draw a smooth curve through the points of the 

respective categories (There w i l l be three 

curves, one for each auto-ownershlp category ) 

Application and Calibration of Models 

The household size and auto-ownership models developed 

with 1972 data for Racine, Wisconsin are shown In Figures 

C-5 and C-6, respectively I t may be noted that although 

each model Is independent of the other, the results have to 

be combined to develop the desired c r o s s - c l a s s i f i c a t i o n s . 

Two a l t e r n a t i v e ways of obtaining the Joint p r o b a b i l i t i e s 

are described below 

Alternative 1 Assuming Independence of auto ownership and 

household s i z e , the Joint probability of a p a r t i c u l a r house

hold size category m, HS^, and an auto ownership category n, 

AOĵ  in a t r a f f i c zone (1) i s given by 

P (HS^rAAO^)^ = P ( H S J j X P ( A O J ^ [1] 

The p r o b a b i l i t y v a l u e s P ( H S ^ ) j and P(AO^)j^ a r e t o be o b t a i n e d 

f r o m t h e r e s p e c t i v e m o d e l s c o r r e s p o n d i n g t o t h e a v e r a g e v a l u e s 

f o r zone (1) 

A l t e r n a t i v e 2 A s s u m i n g dependence o f a u t o o w n e r s h i p on h o u s e 

h o l d s i z e . 

P (HS^r.AO„)^ = P ( H S J j X P (A0_^ I H S J , [2] 

w h e r e , P (AO^ | HS^)j^ I s t h e p r o b a b i l i t y o f a u t o o w n e r s h i p 

c a t e g o r y n when t h e h o u s e h o l d s i z e c a t e g o r y I s m I n zone ( 1 ) . ( I ) ooj]nqTi3»Ta PToqamoH 

C-9 
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(X) ooTJnqjjjSTa PToqsonoH 
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A l t h o u g h t h e a p p r o a c h o f A l t e r n a t i v e 1 I s v e r y s i m p l e 

and s t r a i g h t f o r w a r d , an e x a m i n a t i o n o f t h e a r e a w l d e d i s t r i 

b u t i o n o f h o u s e h o l d s I n R a c i n e , shown I n T a b l e C-1, I n d i c a t e s 

c l e a r l y t h a t t h e r e I s a r e l a t i o n s h i p o f a u t o o w n e r s h i p w i t h 

h o u s e h o l d s i z e . T h e r e f o r e , I t I s recommended t h a t t h e de

pendence o f a u t o o w n e r s h i p on h o u s e h o l d s i z e be r e f l e c t e d 

I n t h e a p p l i c a t i o n o f t h e m o d e l s . I t I s s u g g e s t e d t h a t t h e 

a r e a w l d e r e l a t i o n s h i p o f a u t o o w n e r s h i p w i t h h o u s e h o l d s i z e 

be u t i l i z e d t o o b t a i n t h e v a l u e o f P(AOj, | HS^,)^ as f o l l o w s 

P (A0„ I H S ^ ) ^ = C^ P f A O n ' l ^ ^2 '''^"n I a r e a w l d e .. [3] 

v a l u e s , and Cj^ + Cg = 1. The a c t u a l v a l u e s o f t h e w e i g h t s 

Cj^ and Cg have t o be d e r i v e d b y t r i a l and e r r o r , t h a t I s , 

by a s s u m i n g c e r t a i n v a l u e s and c o m p a r i n g t h e r e s u l t s w i t h 

a c t u a l h o u s e h o l d d i s t r i b u t i o n s I n each z o n e . T h i s a p p r o a c h 

was u s e d by C h a t t e r j e e and M a r t i n s o n I n d e v e l o p i n g h o u s e 

h o l d s t r a t i f i c a t i o n m o d e l s w i t h t h e 1972 O-D d a t a f o r t h e 

S o u t h e a s t e r n W i s c o n s i n r e g i o n . They f o u n d t h a t e q u a l w e i g h t i n g . 

I . e . , u s i n g Cj^ = 0.5 and = 0.5 y i e l d e d s a t i s f a c t o r y r e s u l t s . ' ' ^ 

The I n v e s t i g a t i o n r e f e r r e d t o I s an u n p u b l i s h e d I n - h o u s e 
a n a l y s i s p e r f o r m e d f o r t h e S o u t h e a s t e r n W i s c o n s i n R e g i o n a l 
P l a n n i n g C o m m i s s i o n I n 197^ 

C-12 
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COMMENTS ON THE USE AND ACCURACY OF MODELS. The procedures 
presented In th i s section for developing household s t r a t i f i 
cation models impllclty assume that the values for certain 
parameters related to household c h a r a c t e r i s t i c s In a t r a f f i c 
zone, average household s i z e , average car ownership, average 
or median income, would be developed by other techniques. 
These procedures are not completely s e l f s u f f i c i e n t and thei r 
results should be examined c a r e f u l l y . For example, i f the 
average household s i z e in a zone was estimated based on past 
c h a r a c t e r i s t i c s and Judgement, the same information should 
be used to verify the results of the s t r a t i f i c a t i o n models 
Although these models yi e l d satisfactory results on an area-
wide basis, the zonal results should be examined c a r e f u l l y 
and adjusted, i f necessary 

Comparison of Models for Different Urban Areas 
The use of household s t r a t i f i c a t i o n models of the type 

described in the preceding sections has not been as frequent 
as the use of c r o s s - c l a s s i f i c a t i o n models for which they are 
used, because in many cases the future household s t r a t i f i c a t i o n s 
in each zone were developed based on the existing c h a r a c t e r i s t i c s 
and Judgement. In addition, the s t r a t i f i c a t i o n s have not been 
consistent i n each study so that a comparison of the models used 
i s d i f f i c u l t . This study developed a second set of household 
s t r a t i f i c a t i o n models based on data for Elizabethton, Tennessee 
for the purpose of comparison with the Racine models using the 
same s t r a t i f i c a t i o n in both cases. Household size and auto 
ownership models for Elizabethton are shown In Figures C-7 

C-13 C-lU 

s _ 

:2s 

I I I 

in 
sis 
0. « o 

and C-6, respectively. A v i s u a l comparison of the two sets 
of curves reveals s i m i l a r i t y in the general shapes of the 
curves, although a uniqueness can be observed i n a few curves. 
A s i m i l a r i t y of auto-ownership curves developed with data from 
Great F a l l s , Montana and Providence, Rhode Islemd, also are 
reported by Hlllegass, Fleet and Heanue (2 i ) Thus, the 
concept of using household s t r a t i f i c a t i o n models 'borrowed' 
from another area appears to be feasible although more research 
must be performed before conclusions are drawn. Unless a 
procedure to synthesize these models i s developed, t h e i r data 
requirements would act as a constraint to the use of household 
category type models. Also the temporal s t a b i l i t y of these 
models I s subject to further investigation. 

(X) aoTanqTJ38Ta PToqa«noH 
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CURRENT PRACTICE FOR TRANSPORTATION 
PUNNING IN SHALL URBAN AREAS 

A questi o n n a i r e was d i s t r i b u t e d t o seven selected Departments o f 

Trans p o r t a t i o n ' requesting i n f o r m a t i o n on the nature and extent o f transpor

t a t i o n planning e f f o r t f o r urbanized areas o f l e s t than 50.000 population 

The responses are tabulated below 

1 Do you have a formal program t o conduct urban t r a n s p o r t a t i o n plans f o r 
coniRunltles less than 50,000 population? 

yes _5_ no _2_ 

2 I f so, could you I n d i c a t e the number o f studies completed and In progress 
over the past f i v e years? 

Pop Size 
5-10,000 
10-20,000 
20-50.000 

Completed Studies _k_ Studies In Progress 2 
Completed Studies _2_ Studies In Progress T" 
Completed Studies 9 Studies In Progress _2_ 

In general, f o r the less than 50,000 p o p u l a t i o n - s i z e comnunity who 
provides the 

a Data on E x i s t i n g Land Use lo c a l planning agencies w i t h tome 
assistance from State Department o f 
Transportation 

b Forecasts o f Future Land Use lo c a l planning agencies 

Please describe b r i e f l y the procedures t y p i c a l l y used In preparing the 
land use for e c a s t 

Judgement Is u t i l i z e d t o locate f u t u r e employment aod population In zones 
based on knowledge o f e x i s t i n g development, near term d e v e l c ^ r expectatloi 
and the lo c a l communities* concept plan 

(X) DOTjnqTJaera PToqasnoH 
Responses were received from C a l i f o r n i a , I l l i n o i s . Indiana, Kentucky. 

New York, Pennsylvania, and Texas 
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Have you ap p l i e d any s i m p l i f i e d t r a f f i c modeling procedures i n f o r e 
c a s t i n g I n t e r n a l t r a f f i c movements f o r these small area studies? 

2 no ( r e l y on FHWA g u i d e l i n e s ) 
T P no (do not analyze f u t u r e t r a v e l p a t t e r n s ) 

For the p r e d i c t i o n o f I n t e r n a l t r a f f i c movement, what I n t e r n a l o r l g l n -
d e s t I n a t i o n data do you use? 

small sample , home Int e i v i e w (4 percent. 10 percent) 
I FHWA sample size recoomendatlons f o r home Interviews 

0-D data c o l l e c t e d at other than home 
k none - r e l y on s y n t h e t i c t r i p generation or d i s t r i b u t i o n r e l a t i o n s h i p s 

other (please describe) 

( m u l t i p l e responses were obtained f o r combinations o f procedures) 

I f s y n t h e t i c t r i p generation d i s t r i b u t i o n equations are used, how are 
these equations derived? 

In your Judgment, what Is the general l e v e l of prof e s s i o n a l t r a n s p o r t a t i o n 
e x p e r t i s e I n areas o f less than 50,000 population? 

Borrowed from Another C i t y 

Pooled Relationships from 
Other C i t i e s 

Pooled or Borrowed Data w i t h 
a Small Sample O-D Study 

T r i p Generation T r i p D i s t r i b u t i o n 

8 Are the above procedures g e n e r a l l y standard or do they vary w i t h f a c t o r s 
such as population of c i t y , e t c 7 

2 - Standardized f o r a l l sized c i t i e s between 5,000 and 50,000 population 

2 - Techniques must very w i t h unloue problems of the area, but g e n e r a l l y 
the studies are t r e a t e d as scaled down, lower budget, modified large 
area studies 

9 Have any of the above procedures been t r i e d and discarded? 

1 - Ratio procedure t o f a c t o r e x i s t i n g t r a f f i c by a r a t i o of e x i s t i n g 
p opulation and employment t o f u t u r e population and employment has 
been discarded due t o amount o f work and problems of conducting 
by pass analyses 

2 - Cu r r e n t l y re-evaluatlng r e s u l t s 

0-2 

Good Fair Poor Hone 

Land Use Planners 2 2 2 0 
Transportation Planners 1 2 1 2 
T r a f f i c Engineers 3 2 0 1 

Have you had good success w i t h the Implementation o f small area transpor
t a t i o n plans? 

3 - No experience 
1 - Not successful w i t h system plan or networks 
2 - Yes 

I f not, %«hat have you found t o be the basic problems o f Implementation 
encountered In small urban areas? 

1 - System models d i d not f i t the lo c a l problem 
2 - Need a c t i v e c i t i z e n p a r t i c i p a t i o n w i t h l o c a l I n t e r e s t 

Where Implementation has been p a r t i c u l a r l y successful, what were the 
c r i t i c a l Ingredients? 

2 - Community p a r t i c i p a t i o n ^ 
1 - Approach planning based on c o r r i d o r a n a l y s i s and not a b s t r a c t network 

models 

Do you have a formal c o n t i n u i n g t r a n s p o r t a t i o n program f o r updating o f a 
small area t r a n s p o r t a t i o n study once I t Is prepared? 

Yes 
No 
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APPENDIX E 
HOUSEHOLD CATEGORY MODELS FOR TRIP PRODUCTION 

parlsons of t r i p rates from different areas were made as 

reported below. 

There are several reasons for the increasing popularity 
of household category models for estimating t r i p productions 
In t r a f f i c zones. Some of the advantages, such as the 
adaptability to varying zonal schemes and the possession 
of behavioral att r i b u t e s , are Inherent c h a r a c t e r i s t i c s 
of disaggregated household models and are beyond any 
question. Some of the other acclaimed advantages of such 
models are not so obvious and have not been established 
conclusively. For instance, the household t r i p rates 
generally are expected to remain stable over a long period 
of time, however, a recent study has cast doubts on such 
temporal s t a b i l i t y (72) Two other c h a r a c t e r i s t i c s — the 
t r a n s f e r a b i l i t y of t r i p rates between different urban areas 
and the adequacy of a small sample in developlr^ a house
hold category model—need further investigations and are d i s 
cussed i n the following sections 

T r a n s f e r a b i l i t y of Trip Rates 
Many recent studies for small urban areas have reported 

the use of t r i p production models borrowed from another 
'similar' area. The c r i t e r i a that have been used to evaluate 
' s i m i l a r i t y ' between two areas, i n most cases, have been 
limited to population s i z e and very gross indicators of the 
economic base. In order to evaluate whether such assump
tions and gross c r i t e r i a for ' s i m i l a r i t y ' are v a l i d , com-

E-1 

Ccmparison of Trip Rates, Martinson compared the t r i p rates 
of Milwaukee, which has a population of approximately one 
mi l l i o n , with two small c i t i e s i n the same region, Racine 
with a population of approximately 110,000 and Kenosha with 
a population of l e s s than 100,000. He also compared 
Milwaukee's t r i p rates with those for the rurol area i n the 
same region. The household categories and t y p i c a l data 
used i n the analysis are shown In Table E-1, which actually 
represents the home based work t r i p rates for Racine. Tne 
r e s u l t s of comporlson are presented i n Table E-2 (73). The 
comparisons were based on t r i p rotes treated i n groups and 
u t i l i z e d a s t a t i s t i c 'Q', which was developed s p e c i f i c a l l y 
for t h i s purpose and i s described below; 

«• I J t ' ^ ' i r ^ i j ' " * ' ^ ' ' i j ' 

where, Xj^j i s the c e l l mean of the i th row and the J th 
column of the t r i p rate matrix for Area 1. 
I s the c e l l mean of the 1 th row and the J th 
column of the t r i p rate matrix for Area 2. 
i s the c e l l variance of the i th row and the 
J th column for Area 1. 

i s the c e l l variance of the 1 th row and the 
J th column for Area 2. 
i s the number of observations (samples) In the 
1 th row and the J th column for Area 1. 
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* " l j i s the number of observations (samples) i n the 
1 t h row and the J t h column f o r Area 2 

The n u l l hypothesis formulated was t h a t the c e l l means of the 
two matrices being compared were not s i g n i f i c a n t l y d i f f e r e n t . 
The 'Q' value was ccmpared w i t h the value of Chi Square 
(x") f o r i X J degrees of freedom at the l e v e l of s i g n i f l a n c e 
of 0.05 I f 'Q' i s l a r g e r than ) ^ 0 05, the hypothesis can 
be r e j e c t e d which s i g n i f i e s t h a t the t r i p r ates f o r the two 
areas are d i f f e r e n t . I t may be pointed out t h a t the number 
of observations i n each c e l l may vary widely and i t i s 
des i r a b l e t o exclude the values based on only a few samples, 
say less than 30, from the comparison, l . e , the c a l c u l a t i o n 
o f the 'Q' s t a t i s t i c . 

The r e s u l t s of Martinson's i n v e s t i g a t i o n i n d i c a t e t h a t 
there was a s i g n i f i c a n t d i f f e r e n c e between urban and r u r a l 
t r i p r a t e s f o r a l l t r i p purposes. However, the d i f f e r e n c e 
i n t r i p r a t e s between large and small urban areas was not 
s i g n i f i c a n t except f o r the nonhome-based t r i p r a t e s of 
Milwaukee and Kenosha, and hcme-based shop t r i p r a t e s of 
Milwaukee and Racine, which were found t o be s i g n i f i c a n t l y 
d i f f e r e n t . Because the c i t i e s i n v o l v e d i n the a n a l y s i s are 
i n the same re g i o n , i t was considered necessary t o extend 
the a n a l y s i s t o c i t i e s from d i f f e r e n t areas. Therefore, 
person t r i p r ates from three small c i t i e s — E l i z a b e t h t o n , 
Tennessee, w i t h a pop u l a t i o n o f approximately 20,000, 

Murray, Kentucky, w i t h a population o f approximately 27,000, 

and Paducah, Kentucky, w i t h a population o f approximately 
45,000—were developed f o r the three t r i p purposes, home-
based work, home-based other, and nonhome-based,using the 
same household categories as pr e v i o u s l y shown i n Table E-1. 

The r e s u l t s of a comparison based on the data f o r the four 
c i t i e s o f Racine, E l i z a b e t h t o n , Murray, and Paducah are pre
sented i n Table E-3> which i n d i c a t e s t h a t i n most cases the 
t r i p r a t e s from d i f f e r e n t c i t i e s were s i g n i f i c a n t l y 
d i f f e r e n t . I t must be pointed out t h a t no u n i v e r s a l con
c l u s i o n can be drawn based on the l i m i t e d number of com
parisons and t h a t the r e s u l t s merely imply t h a t the t r a n s 
f e r a b i l i t y o f t r i p r a t e s between urban areas should not be 
taken f o r granted. 

Sample Size f o r Household Category Models 
Tne sample size f o r r e g u l a r heme i n t e r v i e w 0-D surveys 

are based on c r i t e r i a t h a t are p r i m a r i l y concerned w i t h the 
r e l i a b i l i t y of aggregated values such as the zonal t r i p 
ends or the i n t e r z o n a l t r i p s {7^,25^ Thus i n the case of 
r e g u l a r surveys, samples must be taken from every zone and 
when the number of zones i s s u b s t a n t i a l , even small numbers 
from each zone add up t o a l a r g e o v e r a l l sample. However, 
one of the advantages o f disaggregate household models i s 
the a b i l i t y t o 'pool' data from various zones to common 
categories based on haasehold c h a r a c t e r i s t i c s , and thus, 
the sample size requirements are much l e s s . I n case house
holds of s i m i l a r socio-economic c h a r a c t e r i s t i c s are expected 
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t o have d i f f e r e n t t r a v e l behavior a t d i f f e r e n t l o c a t i o n s , 
the household category models should be developed separately 
f o r each unique l o c a t i o n , or a l t e r n a t i v e l y a v a r i a b l e 
c h a r a c t e r i z i n g the l o c a t i o n a l d i f f e r e n c e , such as an 
a c c e s s i b i l i t y measure, may be introduced i n the category 
model. Such &n approach would be necessary f o r a large 
region w i t h a mixture o f d i f f e r e n t types of urban areas and 
r u r a l areas. For small urban areas such l o c a t i o n a l 
d i f f e r e n c e s are n e g l i g i b l e . Nevertheless, i n a l l cases the 
samples should be d i s t r i b u t e d throughout the study area as 
uni f o r m l y as possible. The use of 'fac t o r e d ' data f o r 
developing disaggregated models i s sometimes advocated t o 
pr o p e r l y 'weigh' any unique l o c a t i o n a l biases. Such a 
procedure would imply t h a t samples be taken from every zone 
and t h i s tends t o increase the sample s i z e . However, 
* f a c t o r i n g ' should not be necessary i f the households are 
s t r a t i f i e d approximately and, as mentioned e a r l i e r , i f 
there are v a l i d reasons t o expect strong l o c a t i o n a l biases 
w i t h i n a study area, the models f o r such l o c a t i o n s should 
be developed separately r a t h e r than combining them by 
'weighing'. The primary c r i t e r i a f o r determining the 
sample size from the standpoint of the r e l i a b i l i t y of house
hold category models alone, should be based on the expected 
or observed variance o f t r i p r a t e s i n each c e l l of the cross-
c l a s s i f i c a t i o n m a t r i x . 

E-7 E-8 
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E f f e c t of Reducing Sample Size. A hypothesis r e l a t e d t o the 
sample a i r e f o r household category models which was examined 
i n t h i s study, was t h a t 30 samples f o r each c e l l would be 
adequate f o r e s t i m a t i n g the average t r i p r a t e f o r each type 
of household. To t e s t t h i s hypothesis, the o r i g i n a l 17 per
cent sample of 1020 households from E l i z a b e t h t o n , Tennessee^ 
was used The d i s t r i b u t i o n of the o r i g i n a l samples among 
the various c e l l s as w e l l as the average r a t e s f o r heme 
based work t r i p s and the respective standard d e v i a t i o n i s 
shown i n Table E-4. The number of observations v a r i e d from 
c e l l t o c e l l . And i t was decided t o reduce the sample size 
of c e l l s t h a t had observations l a r g e r than 30 by random 
sampling frcm the households of the respective c e l l s . The 
new samples had observations close t o 30 and the samples i n 
c e l l s t h a t o r i g i n a l l y had observations e i t h e r close t o 30 or 
le s s were not reduced a t a l l The r e s u l t i n g d i s t r i b u t i o n of 

observations and the new t r i p r a t e s along w i t h t h e i r 
stemdard d e v i a t i o n are shown i n Table E-5. 

A comparison of the o r i g i n a l t r i p r a t e s and the new 
rate s was performed by computing the s t a t i s t i c 'Q', which 
was described e a r l i e r . The r e s u l t s o f the subsequent c h l 
square t e s t f o r the three t r i p purposes home based work, 
home based other and nonhome based,are presented i n Table 
E-6. I t can be concluded from the r e s u l t s t h a t from the 
standpoint of the household category models, the sample size 
can be much smaller than what u s u a l l y i s used i n urban 
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TABLE E-6 

STATISTICAL COMPARISON OF TRIP RATES OF 
ORIGINAL AND REDUCED SAMPLES 
FROM ELIZABETHTON, TENNESSEE 

Ho. of Ce l l s 2 
T r i p Included i n " .05 
Purpose Comparison ft S t a t i s t i c ( d f = l 4 ) 

HBW 

HBO 

NHB 

14 

11 

3.69 23.69 

7.73 23.69 

7.35 23.69 

Are Rates 
S i g n i f i c a n t l y 
D i f f e r e n t 

No 

No 
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t r a n s p o r t a t i o n s t u d i e s . 

Sunanary. 

This s e c t i o n presented the r e s u l t s of s t a t i s t i c a l 
a n a l y s i s r e l a t e d t o acclaimed s i m i l a r i t y o f t r i p r a t e s 
between urban areas of s i m i l a r s i z e . The e f f e c t of a 
re d u c t i o n i n sample size on the household t r i p rates a l s o 
was examined. One of the noteworthy fe a t u r e s of the data 
presented i n the an a l y s i s I s the large 'variance' I n the 
c e l l s o f the household category models which i m p l i e s a 
wide v a r i a t i o n i n the I n t e n s i t y o f t r i p making, even among 
the households of s i m i l a r soclo-econcnilc c h a r a c t e r i s t i c s . 
The v a r i a b i l i t y w i t h i n each c e l l was Included e x p l i c i t l y i n 
the s t a t i s t i c a l t e s t s and served an important r o l e I n the 
f i n a l r e s u l t s . 

I t should be pointed out t h a t the a n a l y s i s was l i m i t e d 
t o only a few c i t i e s aid the r e s u l t s may not be v a l i d 
u n i v e r s a l l y Nevertheless, the r e s u l t s were s i g n i f i c a n t , as 
they b a s i c a l l y i n d i c a t e d t h a t the concept of t r a n s f e r a b i l i t y 
of t r i p rates between urban areas should not be taken f o r 
granted. I t i s recommended t h a t a small home-interview 
survey be conducted t o develop the household category 
models. I t was demonstrated t h a t a small sample t h a t would 
provide approximately 30 observations i n each c e l l would be 
adequate f o r t h i s purpose. 
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APPENDIX F 
COMPARISON OF SYNTHETIC 

TRIP-PRODUCTION AND -ATTRACTION 
RELATIONSHIPS 

Current l i t e r a t u r e has advocated the t r a n s f e r a b i l i t y 
o f t r a v e l r e l a t i o n s h i p s c a l i b r a t e d f o r one cooununlty or a 
cros s - s e c t i o n of communities t o simulate i n t e r n a l - i n t e r n a l 
t r i p s f o r a community o f s i m i l a r socio-economic c h a r a c t e r i s t i c s 
I n a d d i t i o n , the technHue i s being u t i l i z e d i n c u r r e n t 
p r a c t i c e (Appendix D). Reported here are some l i m i t e d 
t e s t s conducted t o : 

1. Ccopare small area s y n t h e t i c t r i p - p r o d u c t i o n 
a n d - a t t r a c t i o n r e l a t i o n s h i p s w i t h r e l a t i o n s h i p s 
derived from i n t e r n a l O-D survey data. 

2. Ccmpare assigned l i n k volumes w i t h ground counts 
when the sy n t h e t i c t r i p productions and a t t r a c t i o n s 
f o r a t e s t c i t y derived w i t h d i f f e r e n t models are 
assigned t o the network a f t e r being d i s t r i b u t e d w i t h 
a g r a v i t y model using the same set o f f r i c t i o n 
f a c t o r s i n a l l cases. 

The t e s t s were concerned p r i m a r i l y w i t h the consequences 
r e s u l t i n g from extending s y n t h e t i c t r a v e l r e l a t i o n s h i p s 
between smaller urban areas. A r e l a t e d a n a l y s i s was conducted 
f o r c r o s s - c l a s s i f i c a t i o n t r i p - p r o d u c t i o n rates and reported I n 
Appendix E. I t must be noted t h a t the t e s t s are l i m i t e d 

F-1 

i n scope and do not permit the development of broad 
g e n e r a l i z a t i o n s . Only the i n t e r n a l - i n t e r n a l t r i p s were 
simulated, as the e x t e r n a l - e x t e r n a l and e x t e r n a l - i n t e r n a l 
t r i p s were obtained d i r e c t l y from the r e s u l t s of an 
ex t e r n a l cordon survey. A t h r e e - t r i p purpose c l a s s i f i c a t i o n 
was performed using home-based work, home-based non-work 
(or o t h e r ) and nonhome-based auto d r i v e r t r i p s . The t e s t 
c i t i e s i ncluded: 

1. H a r y v l l l e - Alcoa, Tenn. (pop. 41,232) 

2. Lawrenceburg, Tenn. (pop. 10,302) 

3. E l i z a b e t h t o n , Tenn. (pop. 19,5l8) 

The c h a r a c t e r i s t i c s of these communities and t h e i r 
geographic l o c a t i o n s are described I n more d e t a i l I n 
Appendix G, and Table F-1. M a r y v l l l e - A l c o a had a 20-per
cent I n t e r n a l home-Interview survey conducted I n 1964. 

E l i z a b e t h t o n had a 20-percent survey I n I968 and 
Lawrenceburg had a 20-percent survey performed i n I967. The 
i n t e r n a l t r a v e l s i m u l a t i o n phase of the comprehensive 
t r a n s p o r t a t i o n study prepared by the Tennessee Department 
of T r a n s p o r t a t i o n f o r E l i z a b e t h t o n r e l i e d on the a p p l i c a t i o n 
o f t r i p - g e n e r a t i o n r e l a t i o n s h i p s and f r i c t i o n f a c t o r s 
developed i n the Lawrenceburg study. This f a c t e l i m i n a t e d 
E l i z a b e t h t o n from the production and a t t r a c t i o n comparisons, 
although i t was u t i l i z e d i n assigned volume comparisons. 

Small Area Tri p - P r o d u c t i o n a n d - A t t r a c t i o n R e l a t i o n s h i p 
This an a l y s i s was concerned w i t h t e s t i n g the a b i l i t y of 

F-2 
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TABLE F-1 

TRAVEL CCMPARISONS FOR TEST CITIES 

Population 
I n t e r n a l Vehicle 
T r i p s Per Capita 

Types of I n t e r n a l 
Vehicle T r i p s 
1. Home-Based 

Vehicle 
T r i p 

2. Home-Based 
Non-Work 
T r i p 

3. Nonhome-Based 
Vehicle 
T r i p 

Types of T r i p s 
1. I n t e r n a l - I n t e r n a l 
2. I n t e r n a l - E x t e r n a l 
3. E x t e r n a l - E x t e r n a l 
Autos Per Capita 

Alcoa-
M a r y v l l l e 

41,200 

1 814 

2156 

22i« 

70 
24 
6 

37 

Lawrenceburg 
10,300 

2 17 

22% 

5856 

60 

34 

6 

33 

E l l z a b e t h t o n 
19,500 

1 17 

I n t e r n a l 
Travel was 
Synthesized 

51 
1*0 

9 
12 

various zoned t r i p - g e n e r a t i o n r e l a t i o n s h i p s reported I n the 
l i t e r a t u r e t o r e p l i c a t e zonal t r i p productions and 
a t t r a c t i o n s f o r Lawrenceburg and M a r y v l l l e - a l c o a . The 
models considered are discussed below. 

Fabricated Equations Based on Pooled Data. Three sets of 
models were explored I n t h i s category. The f i r s t set was 
developed by Georgia State Department of Highways using 
data pooled from a number of small-area t r a n s p o r t a t i o n 
studies A f t e r t e s t i n g i n several c i t i e s i n Georgia, 

the f o l l o w i n g set of es t i m a t i n g equations was adopted f o r 
urban areas I n the population range of 5,000 t o 50,000 

w i t h the i m p l i c i t conclusion t h a t the r e s u l t i n g t r i p 
productions and a t t r a c t i o n s would be s u f f i c i e n t l y r e l i a b l e 
t o be used i n l i e u of an i n t e r n a l o r i g i n - d e s i g n a t i o n (0-D) 
su r v e y 

a. Production Equations 
1) Homebased Work = 8 + 1 . 2 Motor Vehicles 
2) Homebased Other = 18 + 2 7 Motor Vehicles 
3) Nonhcmebased = 67 + 0 1 Dwelling Units +0.1 

Motor Vehicles + 0.6 Elnployment 
+0.1 School Enrollment 
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The second and t h i r d sets of models i n t h i s category 
which were f a b r i c a t e d by Harland Bartholomew and Associate, 
were based on models developed f o r several other small urban 
areas. The a p p l i c a b i l i t y of various t r i p - g e n e r a t i o n models 
was assessed by determining the r e a s o n a b l l l t y of I n t e r n a l 
v e h i c l e t r i p s per c a p i t a and the percentage d i s t r i b u t i o n 
o f t r i p s by t r i p purpose. Two sets of r e l a t i o n s h i p s 
were t e s t e d . One was f o r Ponca C i t y , Oklahoma (pop.10,435) 
and the other f o r M a d l - o n v l l l e , Kentucky (pop. 18,224) (76), 

(77). The Ponca C i t y equations are 

a. Productions Equations 
1) Homebased Work = -2.90486 + 0.75377 (Autos) 
2) Homebased Non-Work = -23.82007 + 3.74414 (Autos) 
3) NHB = 20 8651 + 0.5241 (Autos) + 5.5973 (R-Elnp.) 

+ 0.2986 (NR-Elnp ) + 0.1441 (Sch Enr ) 
b. A t t r a c t i o n s Equations 

1) Homebased Work = 34 51357 + 1.47557 (R-Einp.) 
+ 0.48970 (NR-Bnp.) 

2) Homebased Non-Work = 8S.7802 + 1.0354 (Autos) 
+ 11 4978 (R-Etap ) + 0.3718 
(NR-Ellip ) + 0.3924 (Sch.Enr.) 

3) NHB = 26.2343 + 0.5987 (Autos) + 5 3545 (R-Emp.) 
+ 0.2326 (NR-Bnp.) + 0.0935 (Sch.Enr.) 

The Madlson v l l l e equations r e l i e s on only three socio
economic f a c t o r s which can be forecasted e a s i l y - popu
l a t i o n , t o t a l employment and i n d u s t r i a l employment. The 
equations are; 

a. Production Equations 
1) Homebased Work = 0.42 (p o p u l a t i o n ) 
2) Homebased Non-Work =1.02 ( p o p u l a t i o n ) 

F-5 

b. A t t r a c t i o n s Equations 
1) Homebased Work = 54 + 0 9 Elnployment 
2) Homebased Other = 206 + 0 8 Dwelling Units + 0 6 

Qnployment +0,3 School 
Enrollment 

3) Nonhcmebased = 67 + 0.5 Dwelling Units + 0.4 
Elnployment 
F-4 

Nonhomebased Work = 0.34 (po p u l a t i o n + 1.57 
(employment) 

b. A t t r a c t i o n Equations 
1) Homebased Work = 1.268 (employment) 
2) Homebased Non-Work = 0.40 (p o p u l a t i o n ) + 2.22 

( t o t a l employment - i n d u s t r i a l 
employment) 

3) Nonhomebased = 0.34 (p o p u l a t i o n ) + 1.57 (employment) 

Equations Based on Per Capita T r i p Rates The Kentucky 
Highway Department developed zonal t r i p - g e n e r a t i o n estimates 
based on area-wide t r i p s per c a p i t a , percentage of t r i p by 
purpose, and a r a t i o of a zone soclo-econanlc c h a r a c t e r i s t i c s 
w i t h respect t o the area-wide t o t a l ( 7 8 ) . 
The equations are as f o l l o w s * 

a. Production Equations 
1) Homebased Work = 0.40 (zonal p o p u l a t i o n ) 
2) Homebased Other = O.96 (zonal population) 
3) Nonhomebased = 0.64 ( t o t a l p opulation) (zonal 

employment/total employment) 
b. A t t r a c t i o n Equations 

1) Homebased Work = 0.4 ( t o t a l p opulation) (zonal 
employment/total employment) 

2) Homebased Other = 0 96 ( t o t a l p o p u l a t i o n ) (zonal 
non i n d u s t r i a l employment/total 
non I n d u s t r i a l employment) 

3) Nonhome baaed = 0.64 ( t o t a l p opulation) (zonal 
employment/ t o t a l employment) 

Equations Using D e t a i l e d T r i p S t r a t i f i c a t i o n s Included I n 
the comparisons were two sets of t r i p - g e n e r a t i o n models 

F-6 
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using s i x - t r i p purpose s t r a t i f i c a t i o n s . These regression 
equations developed f o r the t r a n s p o r t a t i o n studies i n 
Mar y v i l l e - A l c o a and Lawrenceburg, Tennessee are 
summarized i n Tables F-2, and P-3, r e s p e c t i v e l y {J^, 8o). 

The d e t a i l e d zonal estimates obtained from these equations 
were combined i n t o the t h r e e - t r i p purposes of hcxae-based 
work, home-based other and nonhome-based t o permit com
parisons w i t h the other equations As noted by Table P-4, 

the d e t a i l e d t r i p purpose models r e q u i r e f o r e c a s t i n g up t o 
ei g h t independent v a r i a b l e s while the other models r e l y on 
a maximum of four v a r i a b l e s . 

Productions and A t t r a c t i o n s Comparisons 
The s y n t h e t i c models were t e s t e d by applying Lawrence

burg and MaryvllLe-Alcoa socio-economic data t o develop 
zonal t r i p estimates. These s y n t h e t i c a l l y derived estimates 
were then compared w i t h the values obtained frcm the t r i p -
generation equations c a l i b r a t e d w i t h the 0-D survey data f o r 
the r e spective study areas. Results of the comparisons are 
summarized i n Table F-5 f o r M a r y v i l l e - A l c o a and Table P-6 

f o r Lawrenceburg. The ev a l u a t i o n of each equation was 
based on the f o l l o w i n g f a c t o r s . 

1. "The m u l t i p l e c o r r e l a t i o n c o e f l c i e n t ('R') I n d i c a t e s 
the s t r e n g t h of l i n e a r r e l a t i o n s h i p between the 
dependent and independent v a r i a b l e s . The value 
R̂  measures the p r o p o r t i o n of the v a r i a t i o n of 
the dependent v a r i a b l e t h a t i s explained by the 
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Independent v a r i a b l e s . " 
2 The area-wide t o t a l number of estimated t r i p 

productions and a t t r a c t i o n s f o r each t r i p 
purpose. A comparison of the estimated t o t a l s 
w i t h those obtained f o r O-D survey revealed the 
reasonableness of the equations I n e s t i m a t i n g 
the t r i p r ates per c a p i t a and percentage 
d i s t r i b u t i o n by t r i p purpose. 

3. The d i f f e r e n c e between t o t a l t r i p productions and 
a t t r a c t i o n s f o r each t r i p purpose r e f l e c t s the 
degree of a s s o c i a t i o n between the production 
and a t t r a c t i o n equations. 

The r e s u l t s i n d i c a t e d t h a t no s i n g l e s y n t h e t i c equation 
was c o n s i s t a n t l y superior t o the others f o r a l l t r i p purposes. 
Also, seme v a r i a t i o n s i n r e s u l t s were detected i n the t e s t s 
f o r the two c i t i e s For Lawrenceburg, the s i m p l i f i e d 
equations r e l y i n g on a few socio-economic v a r i a b l e s g e n e r a l l y 
provided reasonable r e s u l t s but when ap p l i e d to the l a r g e r 
urban area of M a r y v i l l e - A l c o a , the same equations y i e l d e d 
poorer r e s u l t s i n e s t i m a t i n g nonhome-based productions and 
a t t r a c t i o n s f o r home-based other and nonhome based t r i p s 

I n a l l cases, however, some s i m p l i f i e d s y n t h e t i c 
equations performed compariable t o a d e t a i l e d t r i p s t r a t i f i 
c a t i o n model. This would suggest t h a t small area studies 
can take advantage of using only a few independent v a r i a b l e s , 
thereby reducing i n v e n t o r y , forecasting,and updating costs. 
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I n an o v e r a l l b a s i s , the Georgia equations based upon pooled 
data, y i e l d e d the g r e a t e s t conslstancy i n r e s u l t s Best 
r e s u l t s were obtained I n s y n t h e s i z i n g the home-based work 
and home-based other t r i p productions, whereas the c o r r e l 
a t i o n was poorest f o r the nonhome-based t r i p s . The 
d i f f e r e n c e between t o t a l productions and a t t r a c t i o n s was 
s i g n i f i c a n t l y large i n some cases implying t h a t the planners 
must remain s e s l t i v e t o e s t a b l i s h i n g r e l i a b l e r e g i o n a l t o t a l s 
f o r productions and a t t r a c t i o n s not the balancing of 
a t t r a c t i o n s t o productions I t also was revealed by the 
r e s u l t s t h a t w i thout independent v e r i f i c a t i o n checks. I t can 
not always be assumed t h a t a t t r a c t i o n s should be balanced t o 
productions. I t i s important t h a t the reasonableness of 
i n t e r n a l t r i p s per c a p i t a be e s t a b l i s h e d , perhaps through a 
small sample O-D survey as w e l l as by checking r e s u l t s against 
experiences gained i n other small area studies. The standards 
r e l a t e d t o r e g i o n a l t o t a l s such as v e h i c l e miles of t r a v e l 
also are u s e f u l f o r applying s y n t h e t i c regression equations 

As suggested by Harland Bartholomew and Associates (76), 

s p e c i a l c o n s i d e r a t i o n must be given t o zones which have a 
unique c h a r a c t e r i s t i c , such as a large emplayment r e t a i l 
center. Relationships derived from other communities may 
not necessarily r e f l e c t the unique t r a v e l c h a r a c t e r i s t i c s 
of these s p e c i a l generators Supplemental s p e c i a l generator 
t r i p rates can be developed from data sources described i n 
the body of the r e p o r t . 
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S C R E E N L I H E C H E C K S . 

E L I Z A B E T H T O N S T U D Y A R E A 

F a b r i c a t e d M o d e l s B a s e d 
o n P o o l e d D a t a 

D e t a i l e d T r i p 

S c r e e n l l n e 
G r o u n d 
C o u n t G e o r g i a 

H a o i s o n -
v i l l e P o n c a 

M o d e l 
K y . 

M a r y v i l l e -
A l c o a L a w r e n c e b u r g 

I c a t l o n 
M o d e l 

1-1 23,200 26,248* 
+.13** 

30.386 
+.31 

24 ,271 
+ . 0 4 

31,100 
+.34 

20.709 
-.10 

22.688 
-.02 

19.351 
+ . 1 7 
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-.o8«« 

34.893 
+.10 

37.500 
+.18 

4 3 . 1 4 4 
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-.01 
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+.20** 

7 . 0 0 4 
+.20 
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+.21 
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+.22 
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+.20 

1 , 1 7 7 
-.79 
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- . 0 4 

1 2 , 0 1 5 
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11,685 
-.09 ''31 

5-5 4 0 , 4 4 0 2 7 , 9 0 4 * 
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3 5 . 5 4 0 

-.12 
3 0 , 0 4 5 

-.26 
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-.03 
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-.34 
2 7 , 7 4 2 

-.31 
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6 . 5 4 8 
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T A B L E F - 7 

H O U S E H O L D C R O S S - C L A S S I F I C A T I O N M O D E L F O R I N T E R N A L T R I P P R O D U C T I O N 

E L I Z A B E T H T O N , T E N N E S S E E 

A u t o 
O w n e r s h i p H o u s e h o l d S i z e ( N u m b e r o f P e r s o n s 5 Y e a r s o r O l d e r ) 
( N u m b e r o f C a r s ^ 1 Z 3 U 5 o r M o r e 

0.06 ( H B W ) 0.44 0.31 0 . 4 0 0.50 
0 0.59 ( H B O ) 0 . 7 5 0 . 8 6 2.00 2.94 

0.06 ( N H B ) 0.00 0.06 0 . 2 0 0.07 

0.56 1 . 2 7 1 . 7 9 2 . 1 7 2.51 
1 2 . 4 7 3.98 5.19 6.57 9 . 8 4 

0.58 1.11 1.07 0.96 2.36 
2 08 2 . 6 5 2.85 2 . 9 5 

2 o r ( N o 4 . 8 6 5.77 9.53 12.19 
M o r e O b s e r v a 

12.19 

t i o n s ) 0.99 1.33 1 . 9 2 2 . 1 4 

E x p l a n a t i o n o f C e l l V a l u e s 
F i r s t d u m b e r I n a C e l l 
S e c o n d " " " " 
T h i r d " " " " 

H o m e - B a s e d W o r k T r i p s p e r H o u s e h o l d 
H a a e - B a s e d O t h e r T r i p s p e r H o u s e h o l d 
N o n h c m e - B a s e d T r i p s p e r H o u s e h o l d 
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TABLE P-10 
COMPARISON OF ASSIGNMENT NETWORK ACCURACY 

FOR OTHER STUDY AREAS 

Tra n s p o r t a t i o n Study 
Central C i t y 

Madison, Wisconsin 
Lacrosse, Wisconsin 
Mlnneapolls-St.Paul, 

Minnesota 
Wisconsin Rapids, Wisconsin 
Salt Lake C i t y , Utah 
J a n e s v l l l e , Wisconsin 
Sheboygan, Wisconsin 
New Orleans, Louisiana 
Green Bay, Wisccnsin 

Weighted Averag 
Error (Percent) 

26.S 
32.5 

II: 
31. 
37. 

II: 
42, 

• A l l values are a f t e r f o u r i t e r a t i o n s of r e s t r a i n t 
except f o r Sheboygan,Janesvllle, and Wisconsin Rapids 
which are unr e s t r a i n e d assignments. 

highest e r r o r . Compared t o r e s u l t s experienced I n other 
s t u d i e s , the weighted average e r r o r of the l i n k assignments 
w i t h s y n t h e t i c techniques were much higher (Table F-10). 
This can be a t t r i b u t e d p a r t l y t o the f a c t t h a t the r e s u l t s 
of the s y n t h e t i c models represented the f i r s t I t e r a t i o n 
and subsequent adjustments could be made t o Improve the 
r e s u l t s A l l assignments were unconstrained i n capacity and 
seine d e v i a t i o n s of l i n k volumes could be a t t r i b u t e d t o the 
a l l - o r - n o t h i n g assignment technique. Also, since the t r i p s 
i n a small network can only be loaded a t a few p o i n t s , 
v a r i a t i o n s can develop depending on r e t r l v a l c c n f l g u r a t i o n s 
and t h i s was found t o be a problem I n the E l i z a b e t h t o n case 
study 

I t should be noted t h a t v e r i f i c a t i o n checks based on 
assigned volumes p l ^ a s i g n i f i c a n t r o l e I n model adjustments 
I n the absence of O-D t r i p data The study design must gi v e 
c a r e f u l c o n s i d e r a t i o n t o c o l l e c t i n g ground counts and 
screenline data Also, serious c o n s i d e r a t i o n should be 
given t o conducting a small sample home-Interview survey 
t o develop t r i p r ates as discussed I n the t e x t . T r a f f i c 
counts f o r s p e c i a l generators a l s o should not be overlooked. 

A f i n s l e v a l u a t i o n examined the s y n t h e t i c assignments 
from the standpoint of the u t i l i z a t i o n of the data. As 
described I n the t e x t s u f f i c i e n t accuracy should be provided 
by a t r a f f i c assignment so t h a t a d i f f e r e n c e of one lane 
does not r e s u l t due t o the t r a f f i c f o r e c a s t i n g procedure 

F-20 

This c r i t e r i o n I m p l i e s t h a t the t o l e r a b l e l i m i t o f e r r o r 
I s approximately 4,000 v e h i c l e s per day f o r volumes under 
19,000 v e h i c l e s per day. An e r r o r less than 4,000 v e h i c l e s 
per day do not change the basic s t r e e t design, end the 
number of l i n k s exceeding t h i s l i m i t I s shown i n Table F-11. 
The r e s u l t s I n d i c a t e t h a t m the case of equations based on 
the f i r s t assignment r e s u l t s , 17 t o 19 l i n k s could be over-
or under-designed. For c r o s s - c l a s a l f l c a t l o n about 30 per
cent of the l i n k s d i d not meet the c r i t e r i o n . 

Summary 
I t can be conducted from t h i s l i m i t e d t e s t i n g of 

s y n t h e t i c t r l p - g e n e r a t l o n models t h a t these r e l a t i o n s h i p s 
y i e l d a la r g e v a r i a t i o n i n r e s u l t s when f o r e c a s t i n g I n t e r n a l -
I n t e r n a l t r i p s f o r d i f f e r e n t small urban areas. To develop 
adequate r e s u l t s w i t h such models i n the absence o f an O-D 
survey, concern must be given t o conducting elaborate 
v e r i f i c a t i o n checks. I t I s recommended t h a t small sample 
O-D surveys be conducted t o b e t t e r e s t a b l i s h some confidence 
on the t r i p r a t e s per c a p i t a and percentage d i s t r i b u t i o n 
o f t r i p s by purpose. Such data I s Important m e s t a b l i s h i n g 
area-wide t o t a l s I n t r i p a t t r a c t i o n and t r i p production. 
A l a r g e number of ground counts p r o p e r l y d i s t r i b u t e d I n the 
study area can be used t o estimate v e h l c l e - m l l e s of t r a v e l . 
This I s also an Important parameter t o check. Also, i n 
v e r i f i c a t i o n checks. I t I s f e a s i b l e t o u t i l i z e s y n t h e t i c 
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TABLE F-11 
NIJMBER OF LINKS WITH GREATER THAN 4000 VPD 

DIFFERENCE BETWEEN ASSIGNED VOLUME AND GROUND COUNT 
ELIZABETHTON STUDY AREA 

Fabricated Model Based 
on Pooled Data 

Unit 
Rate 
Model 

De t a i l e d T r i p 
Purpose Model 

0\ 0\ 

Cross 
Class
i f i c a t i o n Range Georgia Madinsonville Ponca Kentucky M a r y v l l l e - A l c o a Lawrenceburg Model 

0-499 
(12 Links) 0 0 0 0 0 0 1 

500-999 
(16 Links) 0 0 0 0 0 0 4 
1000-1999 
(11 Links) 0 0 0 0 0 0 0 
2000-2999 
(13 Links) 0 2 2 2 1 1 4 
3000-4999 
(23 Links) 6 6 6 7 6 6 8 

5000-9999 
(23 Links) 10 9 9 8 9 9 10 

10,000-
14,999 

(6 Links) 3 2 3 1 3 3 4 

T o t a l 19 19 20 18 19 19 31 
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Assumptions No a d d i t i o n a l assumptions are required 

Procedural Steps This procedure Is s i m i l a r t o t h a t used In procedure four 

except t h a t v e h i c l e r e g i s t r a t i o n f o r the county are not u t i l i z e d VIC,^, 

the p o r t i o n o f extern a l volume t h a t w i l l be assigned t o the r a d i a l c o r r i d o r s 

w i l l be conputed through the f o l l o w i n g steps 

I Using V, - 28.55 + 0 068 (X,) + 0 00009 ( X j ) - 369 8 ( X j ) + 78 3 (X^) 

the t o t a l e x t e r n a l crossings f o r a l l cordon s t a t i o n s f o r f u t u r e 

year (n) Is computed as Y, which Is equivalent t o V j ^ (terms 

p r e v i o u s l y defined) 

" ',n - [ V j , " i j ] ^1 

I I I Compute Yj - 1| 28 -f 0 035 (X,) * 0 066 (X,) - 0 064 (X j ) which Is 

t o t a l a x t e r n a l ' e x t e r n a l cordon c r o i l l n g f t f o r a l l s t a t i o n s (terms 

p r e v i o u s l y defined) 

Compute VE. as Y, IV 

Compute V I , as V, - VE, In In rn 

VI Estimate EC„ and EŜ ^ from employment forecasts 

V I I . Compute VIC,„ as V I , ^ ^^n^^^n 

From the use o f one o f the procedures noted above, the c o n t r i b u t i o n o f 

externa l t r a f f i c t o the c o r r i d o r t r a f f i c can be estimated 

Procedure-Internal 

This element o f the methodology requires t h a t Che amount o f t r a f f i c t h a t 

Is I n t e r n a l - I n t e r n a l be separated from the t o t a l , and a growth f a c t o r Is 

established which would best represent the change a n t i c i p a t e d Corridors are 

established which are r a d i a l and CBD o r i e n t e d These c o r r i d o r s serve as 

ana l y s i s u n i t s 

G-7 

then d i v i d i n g the percentage by t h i s t o t a l . The t r i p r a t e I f the study area 

contained 20,000 «mpIoyeei would be 0 40/20,000 or 2 0 x I 0 ~ ^ The tO*§ 

could be dropped f o r e l l parameters 

The procedure proposed f o r developing a growth r a t e f o r each c o r r i d o r 

using the r e l a t i v e t r i p r a t e s would be as f o l l o w s 

1 H u l t l p l y the r e l a t i v e t r i p rates by the q u a n t i t y o f each a p p r o p r i a t e 
parameter In the base year and add the three products 

2 Repeat step I using the f u t u r e q u a n t i t i e s o f the three parameters 

3. The r a t i o o f the two sums Is the growth f a c t o r f o r t h a t c o r r i d o r . 

Oemonstratlon 

The c o r r i d o r a n a l y s i s was demonstrated f o r a p p l i c a t i o n t o s i x Tennessee 

c i t i e s end the cordon check r e s u l t s are In Table C-1 

The smallest c i t y Is Lawrenceburg, the county seat o f Lawrence County 

I t Is located 78 miles southwest of Na s h v i l l e a t the Junction o f U S Route 

43 ( a l s o State Route 6) and U S Route 64 (State Route 15) The l a r g e r o f the 

economic land uses are manufacturing and commercial In 1967, a twenty-

percent home-Interview survey was made as w e l l as an ex t e r n a l cordon survey 

The C i t y o f Cookevllle Is the county seat o f Putnam County and Is 

approximately 70 miles east o f Na s h v i l l e and 110 miles west of K n o x v l l l e The 

Cookevllle study area, which also Includes the Ci t y o f Algood Is served In 

the east-west d i r e c t i o n by I n t e r s t a t e 40 and State Route 24 (U S Route 70) 

and I n the north-south d i r e c t i o n by State Routes 135, 136 and 42 The study 

area population during the study year (1966) was 15.400 The study area 

contains Tennessee Technological U n i v e r s i t y which Is considered as a major 

employer Only an ex t e r n a l cordon study was performed In Cookevllle 

The C i t y of Greenevllle serves the a g r i c u l t u r a l market area o f Greene 

An e s s e n t i a l p a r t o f the c o r r i d o r method o f f o r e c a s t i n g I n t e r n a l t r a v e l 

p a t t e r n s Is the development of an appropriate gr<Mth f a c t o r f o r each c o r r i d o r 

This f a c t o r must be re p r e s e n t a t i v e of a l l the a c t i v i t i e s I n the c o r r i d o r 

Hany c o r r i d o r s c o n t a i n d w e l l i n g u n i t s , employment centers and shopping areas 

as w e l l as r e c r e a t i o n a l f a c i l i t i e s , e t c A l l o f these types o f land uses 

have d i f f e r e n t t r i p - g e n e r a t i n g c h a r a c t e r i s t i c s Therefore, I t was necessary 

t o weigh the r e l a t i v e t r i p a t t r a c t i v e n e s s o f the various land uses 

A measurable parameter was required t o In d i c a t e each t r i p purpose 

A c r i t e r i o n o f s e l e c t i o n was t h a t these parameters be obtained e a s i l y f o r the 

present year by c o r r i d o r and be e a s i l y p r o j e c t e d t o some f u t u r e year The 

c o r r i d o r growth method requires land use fo r e c a s t s t h a t can provide f u t u r e 

estimates o f these parameters 

Previous research r e s u l t s i n d i c a t e t h a t three parameters were s u f f i c i e n t 

Total employees were used f o r work t r i p s , business t r i p s and any other t r i p s 

t o places o f onployment R e t a i l employees were used f o r shopping t r i p s and 

s o c l a l - r e c r e a t l o n a l t r i p s t o restaurants and taverns Dwelling u n i t s were 

used f o r t r i p s t o home and other t r i p s t o r e s i d e n t i a l areas The percentage 

of t o t a l t r i p s t h a t was considered t o be measured by each parameter Is 

given as t o t a l cfoployees * 40 percent, r e t a i l employees - 15 percent, and 

d w e l l i n g u n i t s - 45 percent The exact percentages a r e , o f course, not 

known The above values are believed t o be reasonable A study o f 0 and 0 

study data from s i m i l a r s i z e c i t i e s should help determine what percentages 

should be used In any s p e c i f i c c i t y 

The above percentages would be used t o e s t a b l i s h r e l a t i v e t r i p pro

d u c t i o n rates f o r the three parameters f o r t h i s method This can be accomplished 

by determining the t o t a l q u a n t i t y o f each parameter In the study area and 

C-8 

TABLE G-1 

External Cordon S t a t i o n Check f o r 1973 ADT 

Study Area and S t a t i o n Number 

Lawrenceburg 

( I n t e r s t a t e ) 
( I n t e r s t a t e ) 

Forecast Actual Error 
Volume Volume APT 

24 5250 7770 -2520 
2S 250 250 
26 750 2370 -1620 
27 250 380 -130 
28 3190 4410 -1220 
29 125 — 125 
30 125 1690 -1565 
31 936 — 936 
32 125 — 125 
33 5380 6870 -1490 
3"! 500 - - 500 
35 
36 125 — 125 
37 1440 2030 -590 
38 310 410 -100 
39 2630 2920 -290 
l|0 1625 2600 -975 

59 1495 1360 135 
60 339 — 339 
61 4262 3880 382 
62 340 300 40 
63 530 530 
ill 1228 1190 38 
65 448 1030 -582 
66 6527 5210 1317 
67 1036 1910 -874 
68 1643 550 1093 
69 4484 4610 -126 
70 992 1630 -638 
71 3478 2860 618 
72 5550 13610 8060 
73 7918 18220 10302 

39 11200 13700 -2500 
lio 1730 1860 -130 
i>\ 2860 3010 -150 
42 3080 3200 -120 
43 760 6320 -5560 
44 9530 10490 -960 
45 4050 4580 -530 
46 865 2170 -1305 
47 565 — 565 
48 530 - - 530 

0-9 
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TA8LE G-1 (Continued) TABLE G-1 (Continued) 

Forecast Actual Error Forecast Actual Error 
Study Area and S t a t i o n Number Volume Volume APT Study Area and St a t i o n Number Volume Volume ADT 

Gree n e v l l l e (Continued) 49 4000 3640 360 H a r y v l l l e - A l c o a (Continued) 88 1173 1173 
50 555 — 555 39 906 820 +86 
SI 2 i70 2700 -30 90 952 1980 -1028 
52 1580 1480 100 91 13036 9340 3696 

92 2557 1740 817 
Ellzabethton 37 12043 13740 -1697 93 2655 1640 lOIS 

38 — — — 94 I825 950 875 
39 — n o -110 95 1804 2850 -1046 
40 1785 1330 455 
III — — --
<I2 3380 5100 -1720 
43 -- — — 

44 " — 

45 -- -- " 
46 3772 3100 672 
47 1404 790 614 
48 571 — 571 
49 — 

50 8651 9380 -729 
51 
52 1404 930 474 
53 524 524 
54 5605 5810 -205 

C l a r k f v l l l e ( I n t e r s t a t e ) 43 25830 28360 -2530 
44 882 — 882 
45 5292 3470 1822 
4 ( 882 480 402 

( I n t e r s t a t e ) 47 8820 6820 2000 
48 3528 2520 1008 
49 4284 6820 -2536 
50 83I6 7910 406 
51 — -- — 

52 1890 1300 590 
53 1386 2690 -1304 

H a r y v l I I e - A I c M ( A i r p o r t Road) 79 23035 30550 -7515 
80 6312 i)5IO 1802 
81 1120 490 630 
82 2198 2930 -732 
83 1717 880 837 
84 955 280 675 
85 6274 6960 -686 
86 777 930 -153 
87 690 250 440 

G-n 

County The la r g e s t land use oth«r than f o r r e s i d e n t i a l Is f o r manufacturing 

The study area population In 1968 was approximately 18.500 G r e e n e v l l l e . the 

county seat o f Greene County, Is located approximately 60 miles northeast o f 

K n o x v l l l e and 36 n l l e s southwest of Johnson C i t y North-south t r a f f i c Is 

serviced by State Routes 70 and 34 The east-vMst t r a f f i c uses p o r t i o n s o f 

State Routes 93i 107 and 35 In a d d i t i o n t o the extern a l cordon study, a 

tvfenty-percent hocoe-lntervlew survey was made 

Ell z a b e t h t o n , the county seat of Carter County, Is located 108 miles 

east o f K n o x v l l l e In 1968, the study area population was 19.518 The study 

area Is served by State Route 37 In a north-south d i r e c t i o n and State Routes 

91 and 67 In the east-west d i r e c t i o n In a d d i t i o n t o an ex t e r n a l cordon 

study o f over 14,000 roadside I n t e r v i e w s , a twenty-percent home-Interview 

was conducted The greate s t amount o f n o n - r e s l d e n t l a l land use was devoted 

t o conmerclel and manufacturing uses 

The C l a r k s v l l l e study area Is located near the center o f Hontgomery 

County and nine miles south o f the Kentucky State l i n e and 42 miles northwest 

o f N a s h v i l l e The area Is serviced by State Route 12, 48 and 13 In the 

north-south d i r e c t i o n and by State Route 76 In the east-west d i r e c t i o n The 

Cit y serves as county seat and In the study year. 1965t the po p u l a t i o n was 

37.900. Although the C i t y served as an a g r i c u l t u r a l center f o r tobacco and 

l i v e s t o c k , there has been Increased I n d u s t r i a l development since the study 

year. In a d d i t i o n . C l a r k s v l l l e serves as home t o Aus t i n Peay State U n i v e r s i t y 

and t o Fort Campbell A i r Force Base The survey consisted o f an ex t e r n a l 

cordon and a home I n t e r v i e w o f 5 5 percent o f the d w e l l i n g u n i t s 

In 1964 the N a r y v l I l e - A l c o e Study was performed and a t t h a t time the 

popu l a t i o n was approximately 41 ,000 Both cormiunltles are located I n Blount 

County. The l a r g e r land area users Include Alcoe Corporetlon, the K n o x v l l l e 

A i r p o r t and H a r y v l l l e College In t h i s erea there Is no s i n g l e c e n t r a l 

business d i s t r i c t f o r the e n t i r e area H a r y v l l l e which serves as county 

seat has a t y p i c a l CBD but Alcoa does not An ex t e r n a l cordon survey was 

made In a d d i t i o n t o a twenty-percent home I n t e r v i e w t o develop I n t e r n a l -

I n t e r n a l t r a v e l p a t t e r n s In c o n t r a s t t o the other Tennessee c i t i e s s t u d i e s , 

t h i s study area Is more l i k e l y t o be considered as p a r t o f a l a r g e r 

m e t r o p o l i t a n survey area 

A p p l i c a t i o n o f Methodology In each o f the above noted c i t i e s there were 

ex t e r n a l cordon studies f o r a previous study year which MHild be covered by 

e i t h e r procedure one or two noted e a r l i e r In each o f the study c i t i e s , a 

t e s t o f the growth f a c t o r on ex t e r n a l t r i p s was made In general, the 

number o f t r i p s forecasted f o r the present year (1973) agreed w i t h i n 2000 

ve h i c l e s per day a t the ex t e r n a l cordon s t a t i o n s For Lawrenceburg o n l y 

s t e t l o n number 24 o f the seventeen exte r n a l cordon s t a t i o n s had a 1973 

volume d i f f e r e n c e greater then 2000 (2520) The growth f a c t o r based upon the 

change In v e h i c l e r e g l s t r e t l o n s In Lawrence County from 1967 t o 1973 was 

1.25 When the ADTs f o r 1967 were taken from the State T r a f f i c Volume Hap 

the g r e a t e s t v a r i a t i o n occurred a t S t a t i o n 24. but the d i f f e r e n c e was less 

than 2000 v e h i c l e s per day 

The CookevMle Study area had t h i r t e e n e x t e r n a l cordon s t a t i o n s plus 

two more t h a t e x i s t e d on the I n t e r s t a t e 40 The growth f a c t o r o f 1 48 was 

based upon the v e h i c l e r e g i s t r a t i o n change from 1966 t o 1973 f o r Putnam 

County. A l l t h i r t e e n s t a t i o n s were w i t h i n the s t a t e d check value and the 

highest d i f f e r e n c e was approximately 1300 ADT The two cordon s t a t i o n s on 

I n t e r s t a t e 40 were underestimated by 8,000 t o 10.000 v e h i c l e s , but I t should 

be noted t h a t the c o r r i d o r method was not Intended f o r t h i s s p e c i f i c use 

G-13 6-14 
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of Greenevllle's fourteen cordon s t a t i o n s used In the 1968 study, only 

two d i d not check w i t h i n 2000 d a l l y v e h i c l e s when compared w i t h the 1973 

ADT. Stations 39 and 1(3 were underforecasted and both of these s t a t i o n s 

are extrefnetlas of a downtown bypass S t a t i o n 39 which serves the east-

n o r t h c o r r i d o r Is a s s i s t e d by s t a t i o n ^lO, but together the forecast Is o f f 

by only approximately 2600 ve h i c l e s 

Ellzabethton's cordon study performed In 1968 u t i l i z e d 18 s t a t i o n s 

A l l s t a t i o n s met the c r i t e r i o n when t r a f f i c was updated from 1968 t o 1973 

The C l a r k s v l l l e Study area was bounded by eleven cordon s t a t i o n s The 

1973 t r a f f i c was forecasted by applying a growth f a c t o r based upon an Increase 

i n county v e h i c l e r e g i s t r a t i o n s Three of the eleven s t a t i o n s were not w i t h i n 

the 2000 l i m i t o f d a l l y v e h i c l e s S t a t i o n 1)3 In the n o r t h and s t a t i o n 47 In 

the south are o f f by 2530 and 2000 r e s p e c t i v e l y , but some o f t h i s movement 

Is due to the s p e c i a l generator (Fort Campbell. Kentucky) and th a t c o r r i d o r 

w i l l be supplemented by I n t e r s t a t e 21t 

The N a r y v l I l e - A I c o a Study u t i l i z e d seventeen e x t e r n a l cordon s t a t i o n s 

A fo r e c a s t o f ext e r n a l s at each s t a t i o n was made t o update ADTs from the 

1964 study year T w s t a t i o n s exceeded the check by a d a l l y volume o f 2000 

S t a t i o n 91 was forecasted t o be at a higher estimate and s t a t i o n 79 has 

actual volumes In excess of the amount forecasted by 7500+ f o r 1973 This 

s t a t i o n Is on U S 129 which Is the access route from the K n o x v l l l e 

H e t r o p o l l t a n Area t o K n o x v l l l e Municipal A i r p o r t A more l o g i c a l growth 

f a c t o r f o r t h i s s t a t i o n might be the change In enplaned passengers a t the 

a i r p o r t 

In sunmary. the approach based on v e h i c l e r e g i s t r a t i o n growth, when 

tested on s i x Tennessee c i t i e s , provided reasonable estimates o f ex t e r n a l 

t r a f f i c f o r the present or t e s t year (1973) These c i t i e s used 92 cordon 

0-15 

TABLE G-2 

COHPAftlSON OF JONES REGRESSION HOOEL Ijil RESULTS WITH 
ACTUAL GROUND COUNTS 

Study 
Area 

No. 
o f 
Stas. 

Estimated Actual Estimated Actual 
T o t a l T o t a l T o t a l E x t e r n a l - T o t a l E x t e r n a l -

External External Externals Externals 
Lawrenceburg 17 

1967 
1973 

Cookevllle 
1966 

1973 

Greenevllle 
1968 
1973 

Elizabethton 
1968 
1973 

C l a r k s v l l l e 
1965 

13 

14 

18 

1973 

M a r y v l l l e -
Alcoa 

1964 
17 

1973 

3,290 
6,320 

20,520 

24,100 

28,630 
29,440 

32,910 
35,110 

33,070 

35,030 

41,890 

45,080 

18,300 
31,450 

18,110 
27,210* 

24,530 
56.360-

34,100 
53,150 

32,890 
40,290 

34,715 
48,500' 

41,741 
60,370* 

34,619 38,849* 

58,577 
61,700" 

5,730 
5,850 

7,610 

8,700 

8,120 
8,240 

14,760 
14,830 

9,040 

9,530 

15,900 

17,410 

10,058 
12,975 

9,297 
11,063 

Includes I n t e r s t a t e or Special Generator T r a f f i c 

s t a t i o n s and only ten f a i l e d the c r i t e r i o n of 2000 d a l l y v e h i c l e s Of the 

ten s t a t i o n s , two s t a t i o n s serve t r a f f i c t o special generators and two s t a t i o n s 

would be s i g n i f i c a n t l y a f f e c t e d by I n t e r s t a t e openings 

Although the c o r r i d o r method proved adequate f o r a new cordon study, a 

te s t was made of the models presented f o r use by the Jones rep o r t Even 

though the c r i t e r i o n check was s a t i s f i e d In a l l but a few cases, the 

regression models were computed w i t h data from each o f the s i x Tennessee 

c i t i e s The t o t a l e x t e r n a l s f o r each study area and the t o t a l e x t e r n a l -

e x t e r n a l s were c a l c u l a t e d and the r e s u l t s are shown In Table G-2 

As can be noted from the Table, the regression model f o r p r e d i c t i n g 

t o t a l e x t e r n a l s f o r a l l e x t e r n a l cordon s t a t i o n s In the study area was 

e r r a t i c The model estimates f o r the study year was poor f o r Lawrenceburg 

when compared w i t h the actual study year ADT (3 ,290 vs 18,300) But f o r 

other areas, the estimates were Judged reasonable by the researchers 

The comparisons are Coo k e v l l l e , (20,520 vs 18 ,110) . G r e e n e v l l l e , (28,630 vs 

3'),100), E l i z a b e t h t o n , (32,910 vs 32,890), C l a r k s v l l l e , (33 ,075 vs 34,715) 

and H a r y v l l l e - A I c o a , (41 ,890 vs 34,619) 

Based upon forecasts o f the Independent v a r i a b l e s , the t o t a l e x t e r n a l s 

were computed f o r 1973 and compared w i t h the a c t u a l Tennessee DOT reported 

ADTs The study area comparisons o f equated versus actual are Lawrenceburg. 

(6320-31,450) . Cookevllle, (24 ,100-24,530), G r e e n e v l l l e , (29,440-53 ,150) , 

E l i z a b e t h t o n , (35 .110-40 ,290) , C l a r k s v l l l e , (35,030-41,741), and H a r y v l I l e -

AIcoa, (45.080-58 ,577) I t should be noted the population o f Lawrenceburg 

was o u t s i d e the range o f c i t i e s used by Jones t o evolve the models 

The regression model which was tested f o r computing the t o t a l o f a l l 

e x t e r n a l - e x t e r n a l s proved Inadequate Outside o f Greenevllle and Ellzabethon 
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st u d i e s , the actual t r a f f i c which was e x t e r n a l - e x t e r n a l f o r 1973 was d i f f i c u l t 

t o determine Only Greenevllle and Eli z a b e t h t o n values are reported 

In accordance w i t h the pr e v i o u s l y I d e n t i f i e d methodology, c o r r i d o r 

volumes were computed a t the I n t e r s e c t i o n o f each r a d i a l c o r r i d o r at the 

Inner or CBD cordon l i n e In a d d i t i o n a second check was made at the mid

p o i n t or midway between the previous p o i n t and the ex t e r n a l cordon s t a t i o n 

These values w i t h the s p e c i f i c c o r r i d o r e r r o r expressed as the d i f f e r e n c e 

between the estimated 1973 t r a f f i c and the a c t u a l ADT The comparisons are 

noted In Tables S-3 and G-4 

In Lawrenceburg the check a t the CBD was acceptable at three o f the 

four c o r r i d o r points and a t the midpoint I t was acceptable at f i v e o f the 

s i x c o r r i d o r p o i n t s Results f o r Cookevllle I n d i c a t e t h a t three o f the f i v e 

c o r r i d o r s are acceptable near the CBD po i n t s and four o f the seven checks 

at the midpoints 

The check at the CBD po i n t s was s a t i s f a c t o r y f o r f i v e o f the s i x 

c o r r i d o r s and seven of the nine f o r the midpoints f o r the G r e e n e v l l l e area 

Eli z a b e t h t o n only had two o f the four as acceptable at CBD and at the mid

p o i n t s 

C l a r k s v l l l e ' s r e s u l t s were the poorest of the s i x t e s t c i t i e s Only 

one out of four check po i n t s f o r CBD and two out o f f i v e f o r midpoints were 

acceptable H a r y v l I l e - A l c o a had three out o f seven at the CBD and seven out 

of nine at the midpoints as acceptable l e v e l s 

No e f f o r t was expended on f o r e c a s t i n g 1985 or other year l e v e l s a t these 

check po i n t s I t should be noted t h a t these t e s t c i t i e s do not s p e c i f i c a l l y 

meet a l l the c o n d i t i o n s s p e c i f i e d by Jones For example, Jones suggested 

that c o r r i d o r s or t r a n s p o r t a t i o n f a c i l i t i e s t hat serve major generators 

( K n o x v l l l e A i r p o r t ) be tr e a t e d separately 

G-I8 
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TABLE C-3 

MIDPOINT CORRIDOR VOLUMES 

TABLE C-l| 

INNER POINT CORRIDOR VOLUMES 

Study Area 

Lawrenceburg 

Estimated Actual 

Elizabethton 

Maryvllle-Alcoa 

J.* 

5322 
I|6'i2 
5422 
5378 
1558 
1567 

1635 
81173 
Ii802 

l U O l 
2i|ii6 
7501 
3355 

7060 
5113 
11695 
2336 
3232 
7761 
1180"! 

1562 
1123 

18132 
5995 
3675 
10086 

21.761. 
11776 
1757". 

8821. 
9811 

2935 
11.530 
6299 
5731 

20365 
12266 
2995 
8738 
2727 

7770 
I. 1.10 
6870 
6820 
2600 
2370 

2290 
16110 
8870 

12830 
6260 
7100 
2860 

7090 
6140 

15560 
3010 
3200 
6320 

I I . 330 
2370 
1330 

18730 
7820 
7550 
13360 

291.50 
13130 
20500 
11.720 
7910 

3360 
15270 
51.1.0 
3990 

23790 
12950 
5300 
7950 
2300 

Corridor Corridor 1973 Volumes Corridor 
Error Study Area No Estimated Actual Error 

-21.48 Lawrenceburg 1.7 7082 10470 -3388 
231 2 5762 5440 322 

-11.1.8 3.4 5422 6870 -1448 
-11.1.2 5.6 5623 7520 -1897 

-61.2 
-803 Cookevllle 1.2 15659 I658O -921 

3 6374 7030 -656 
-665 4 11921 23420 -12167 

-7637 5.6 13646 8810 4836 
-4068 7 7002 6500 502 
-1439 
-3814 GreenevI He 1 — — 

401 2 13552 11950 1602 
950 3 10230 7000 3230 

4 1736 — — 

-30 5 6496 6530 134 
-1027 6,7 15163 15300 -37 
-3865 8 5834 4800 1034 
-674 9 5119 4800 -319 

32 
21300(E) 1441 El Izabethton 1 2056I 21300(E) -739 

-2526 2 7295 10000 -3444 
-808 3 19897 16150 3747 
-207 4 11124 12300(E) -1176 

-598 C l a r k s v l 1 l e 1,5 19314 I6850 2464 
-1825 2 8549 9460 -3399 
-3875 3 14590 13320 1270 
-3274 4 6845 4600 2245 

-4686 Maryvl1le-Alcoa 1 4140 4730 -590 
-1354 2,3 20536 I586O 4676 
-2926 4 19912 17520 2392 
5896 5 19980 20250 -270 
1901 6 12266 11130 1136 1901 

7,8 14001 19930 -5929 
-426 9 8221 2340 5881 
-7'»0 

859 

-3^125 

-m 
-2305 

788 
'127 

A more severe check was used t o check the c o r r i d o r technique t r a f f i c 

f o r ecasts against ground counts than f o r other p o r t i o n s of t h i s research 

S l f f l p l l s t l c techniques are g e n e r a l l y suspect when the profess i o n a l s have been 

conditioned t o expect very elaborate and lengthy nodellng chains The 

advent of computers w i t h very extensive memory cores have f u r t h e r accented 

these expectations In s p i t e of the above, the demonstration showed t h a t 

the c o r r i d o r growth model s a t i s f a c t o r i l y addresses the Issues of e i t h e r a 

c o r r i d o r a r t e r i a l congestion or bypass need Other s i m i l a r type models may 

also be Just as ap p r o p r i a t e Each s t a t e may wish t o generate a statewide 

f o r e c a s t i n g model or I t s own regression (or other type o f s i m p l i s t i c model) 

equations Data requirements f o r the s p e c i f i c model tested are r e a d i l y 

a v a i l a b l e t o s t a t e DOT planning agencies 
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at Intersections and Braking Sites (Proj. 1-12), 64 
p., $4.40 

155 Bus Use of Highways—Planning and Design Guide
lines (Proj. 8-10), 161 p., $7.60 

156 Transportation Decision-Making—A Guide to Social 
and Environmental Considerations (Proj. 8-8(3)), 
135 p.. $7.20 

157 Crash Cushions of Waste Materials (Proj. 20-7), 
73 p., $4.80 

158 Selection of Safe Roadside Cross Sections (Proj 
20-7), 57 p., $4.40 

159 Weaving Areas—^Design and Analysis (Proj. 3-15), 
119 p., $6.40 



Rep. 
No. Title 

160 Flexible Pavement Design and Management—Sys
tems Approach Implementation (Proj. 1-lOA), 
54 p., $4.00 

161 Techniques for Reducing Roadway Occupancy Dur
ing Routine Maintenance Activities (Proj. 14-2), 
55 p., $4.40 

162 Methods for Evaluating Highway Safety Improve
ments (Proj. 17-2A), 150 p., $7.40 

163 Design of Bent Caps for Concrete Box-Girder Bridges 
(Proj 12-10), 124 p., $6 80 

164 Fatigue Strength of High-Yield Reinforcing Bars 
(Proj. 4-7), 90 p., $5.60 

165 Waterproof Membranes for Protection of Concrete 
Bridge Decks—Laboratory Phase (Proj. 12-11), 
70 p. $4.80 

166 Waste Materials as Potential Replacements for High
way Aggregates (Proj. 4-lOA), 94 p , $5 60 

167 Transportation Planning for Small Urban Areas 
(Proj. 8-7A), 71 p., $4.80 

Synthesis of Highway Practice 

No. rule 
1 Traffic Control for Freeway Maintenance (Proj. 20-5, 

Topic 1), 47 p., $2.20 
2 Bridge Approach Design and Construction Practices 

(Proj. 20-5, Topic 2), 30 p., $2.00 
3 Traffic-Safe and Hydraulically Efficient Drainage 

Practice (Proj. 20-5, Topic 4) , 38 p., $2.20 
4 Concrete Bridge Deck Durability (Proj. 20-5, Topic 

3), 28 p., $2.20 
5 Scour at Bridge Waterways (Proj. 20-5, Topic 5), 

37 p., $2.40 
6 Principles of Project Scheduling and Monitoring 

(Proj. 20-5, Topic 6), 43 p., $2.40 
7 Motorist Aid Systems (Proj. 20-5, Topic 3-01), 

28 p., $2.40 
8 Construction of Embankments (Proj. 20-5, Topic 9) , 

38 p., $2.40 

No. Title 
9 Pavement Rehabilitation—Materials and Techniques 

(Proj. 20-5, Topic 8), 41 p., $2.80 
10 Recruiting, Training, and Retaining Maintenance and 

Equipment Personnel (Proj. 20-5, Topic 10), 35 p., 
$2 80 

11 Development of Management Capability (Proj. 20-5, 
Topic 12), 50 p , $3.20 

12 Telecommunications Systems for Highway Admin
istration and Operations (Proj. 20-5, Topic 3-03), 
29 p., $2 80 

13 Radio Spectrum Frequency Management (Proj. 20-5, 
Topic 3-03), 32 p., $2.80 

14 Skid Resistance (Proj. 20-5, Topic 7), 66 p., 
$4 00 

15 Statewide Transportation Planning—Needs and Re
quirements (Proj. 20-5, Topic 3-02), 41 p., 
$3.60 

16 Continuously Reinforced Concrete Pavement (Proj. 
20-5, Topic 3-08), 23 p., $2.80 

17 Pavement Traffic Marking—Materials and Applica
tion Affecting Serviceability (Proj 20-5, Topic 3-
05). 44 p., $3.60 

18 Erosion Control on Highway Construction (Proj. 
20-5, Topic 4-01), 52 p., $4.00 

19 Design, Construction, and Maintenance of PCC 
Pavement Joints (Proj. 20-5, Topic 3-04), 40 p., 
$3.60 

20 Rest Areas (Proj. 20-5, Topic 4-04), 38 p., 
$3.60 

21 Highway Location Reference Methods (Proj. 20-5, 
Topic 4-06), 30 p., $3.20 

22 Maintenance Management of Traffic Signal Equip
ment and Systems (Proj. 20-5, Topic 4-03) 41 p., 
$4.00 

23 Getting Research Findings into Practice (Proj 20-5, 
Topic 11) 24 p , $3.20 

24 Minimizing Deicing Chemical Use (Proj 20-5, 
Topic 4-02), 58 p., $4.00 

25 Reconditioning High-Volume Freeways in Urban 
Areas (Proj. 20-5, Topic 5-01), 56 p., $4.00 

26 Roadway Design in Seasonal Frost Areas (Proj. 20-5, 
Topic 3-07), 104 p., $6.00 

27 PCC Pavements for Low-Volume Roads and City 
Streets (Proj. 20-5, Topic 5-06), 31 p., $3.60 

28 Partial-Lane Pavement Widening (Proj 20-5, Topic 
5-05), 30 p , $3.20 

29 Treatment of Soft Foundations for Highway Em
bankments (Proj. 20-5, Topic 4-09), 25 p., 
$3.20 

30 Bituminous Emulsions for Highway Pavements (Proj. 
20-5, Topic 6-10), 76 p., $4.80 

31 Highway Tunnel Operations (Proj. 20-5, Topic 5-08), 
29 p , $3.20 

32 Effects of Studded Tires (Proj. 20-5, Topic 5-13), 
46 p , $4 00 

33 Acquisition and Use of Geotechnical Information 
(Proj. 20-5, Topic 5-03), 40 p., $4.00 

34 Policies for Accommodation of Utilities on Highway 
Rights-of-Way (Proj. 20-5, Topic 6-03), 22 p., 
$3.20 

35 Design and Control of Freeway Off-Ramp Terminals 
(Proj. 20-5), Topic 5-02), 61 p., $4.40 



THE T R A N S P O R T A T I O N R E S E A R C H BOARD is an agency of the National 
Research Council, which serves the National Academy of Sciences and the National 
Academy of Engineering. The Board's purpose is to stimulate research concerning the 
nature and performance of transportation systems, to disseminate information that the 
research produces, and to encourage the application of appropriate research findings. 
The Board's program is carried out by more than 150 committees and task forces 
composed of more than 1,800 administrators, engineers, social scientists, and educators 
who serve without compensation. The program is supported by state transportation and 
highway departments, the U.S. Department of Transportation, and other organizations 
interested in the development of transportation. 

The Transportation Research Board operates within the Commission on Sociotech-
nical Systems of the National Research Council. The Council was organized in 1916 
at the request of President Woodrow Wilson as an agency of the National Academy of 
Sciences to enable the broad community of scientists and engineers to associate their 
efforts with those of the Academy membership. Members of the Council are appointed 
by the president of the Academy and are drawn from academic, industrial, and govern
mental organizations throughout the United States. 

The National Academy of Sciences was established by a congressional act of incorpo
ration signed by President Abraham Lincoln on March 3, 1863, to further science and 
its use for the general welfare by bringing together the most qualified individuals to deal 
with scientific and technological problems of broad significance. It is a private, honorary 
organization of more than 1,000 scientists elected on the basis of outstanding contribu
tions to knowledge and is supported by private and public funds. Under the terms of its 
congressional charter, the Academy is called upon to act as an official—^yet indepen
dent—advisor to the federal government in any matter of science and technology, 
although it is not a government agency and its activities are not limited to those on 
behalf of the government. 

To share in the tasks of furthering science and engineering and of advising the federal 
government, the National Academy of Engineering was established on December 5, 
1964, under the authority of the act of incorporation of the National Academy of 
Sciences. Its advisory activities are closely coordinated with those of the National 
Academy of Sciences, but it is independent and autonomous in its organization and 
election of members. 
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