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THE
APPROACH and techniques for

long-range transportation planning
in urban areas have evolved through
several phases. In the early stages of
development, during the 1940*8 and ear
ly 1950's, urban planning was accom
plished primarily with conceptual pro
cedures and transportation planning in
small urban areas emphasized the de
velopment of "thoroughfare plans,"
which were based primarily on broad
principles recognizing (1) the needs of
future growth, (2) the integration of a
hierarchy of roadways, (3) separation
of through traffic from local movements,
etc. During the late 1950's and 1960's,
transportation planners became exten
sively involved with the location of con
trolled access highway facilities in and
around urban areas, and the transpor
tation planning process became more
complicated and analytically oriented.
The transportation studies in large met
ropolitan areas, such as Detroit and Chi
cago, used elaborate mathematical tech
niques for both land use and transpor
tation planning, and the use of similar
procedures continued to increase.
The long-range urban transportation
planning procedures eventually were
standardized through the provisions of
the 1962 Federal-Aid Highway Act and
subsequent interpretations, which es
tablished a comprehensive, cooperative
and continuing (3-C) planning process
for urbanized areas with more than
50,000 population (1,2). The prevailing
procedure for plan development is rather
complex and utilizes mathematical mod
els for travel forecasts, which require
substantial data inputs and the use of
large scale computers. To permit the
calibration of trip generation, trip dis
tribution, and modal split models, a
home interview origin-destination (O-D)
survey and an external cordon O-D sur
vey were specifically required. Based on
the relationship of existing travel with
socio-economic and land use character
istics, future trip generation by traffic
zones in the study area are determined.
With the use of computer-oriented math
ematical models, these future trips are
distributed between the various traffic
zones. The mode of travel also is pre
dicted before the trips between zones
are assigned to the existing and future
alternative transportation networks.
Planners then are able to determine the
segments of the present transportation
system requiring improvement and/or
new facilities to handle forecast traffic
for the target year.
As the large urban area transportation
studies reached completion and entered
the continuing phase, interest in small
urban areas increased. Small urban areas

generally possess unique transportation
problems, although not of the same
magnitude and scope as encountered in
the large urban areas; these problems
nevertheless affect many individuals
and the overall quality of their lives. As
smaller areas develop and prosper, their
transportation problems usually mag
nify and thus through timely transpor
tation planning, these areas have an op
portunity to confront transportation
problems while still in their infancy, and
to avoid the mobility problems currently
strangling the larger urban areas. Thus,
the opportunity may be wasted unless
there is a vigilant long-range transpor
tation planning process. However, the
focus of the planning process and the
techniques /procedures for planning must
be compatible with the needs and re
sources of these areas. The objective of
this paper is to evaluate the applica
bility of the existing transportation
planning procedures to small urban areas
and explore alternative means of allevi
ating any incompatibility.
It must be pointed out that there is
no standard definition of small urban
areas and sometimes areas as large as
250,000 are considered to be small. The
1962 Federal Aid Highway Act made
transportation planning funds available
to all urban areas with a population of
50,000 or more. Many states conducted
transportation studies in urban areas
below 50,000 population on their own
initiative, but such efforts were limited
in scope. This paper focuses primarily
on urban areas with less than 100,000
population. However, many of the ob
servations and conclusions are appli
cable to larger areas also.

NEED FOR SIMPLIFICATION
AND ALTERNATIVE APPROACHES
Because of the familiarity and preoc
cupation with the experience in large
urban areas, the planning procedure
used in the early small area transporta
tion planning studies tended to follow
the same format and depth of detail as
required in the larger areas. The stan
dard three-step procedure of trip gen
eration, trip distribution and traffic as
signment was used to forecast 20-25
year traffic loading on alternative trans
portation systems leading to the devel
opment of long range facility-oriented
plans. However, the extension of long-
range transportation planning to smaller
urban areas necessitates a sizable com
mitment of resources.
The traditional transportation plan
ning work program is not necessarily
proportionate to the size of urban areas.
Usually the number of work items is the
same for both cases and the primary
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difference is that larger areas require
more repetition of work (3). Thus, be
cause of the magnitude of work, even at
the minimum level of repetition, and
the need to collect relatively expensive
inventory data, the cost and time re
quired for carrying out the traditional
transportation planning process in small
urban areas are significantly high.
The cost and time constraints have
adversely affected the ability to prepare
transportation plans for small urban ar
ea en masse. Some highway departments
reported a time commitment of three
years to complete a typical small area
study (4). At the present level of finan
cial and manpower resources available
to the state highway department/depart
ment of transportation, it is possible to
undertake only a few new studies in
each year. In this situation it is not con
sidered practical to extend the model
ling-oriented systems analysis tech
niques to smaller urban areas except
through simplification. Simplified or
short cut procedures can be justified also
based on the hypothesis that they would
provide results consistent with the ac
curacies demanded by the planning de
cisions to be made in small urban areas.

Approach Towards Simplification
Simplification in transportation plan
ning procedures as a concept can be in
terpreted in more than one way. To
some, simplification implies a reduction
in data requirements and the use of less
sophisticated models, but still maintain
ing the sequential traffic estimation pro
cedure associated with the traditional
urban transportation planning process.
To others it means a change in the basic
approach through a reduction in the
complexity, specialization and reliance
on large scale computer-oriented net
work anaysis (5). For example, the com
plexity of the planning procedure can
be reduced significantly by resorting to
conceptual systems planning, which does
not rely on travel forecasts on every
segment of a highway network.
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The above two different approaches
are examples of a variety of alternatives
towards simplification. These alterna
tives are not mutually exclusive and ac
tually there is a need for each approach
individually as well as collectively. This
aper focuses primarily on the simpli-
cation in data requirements and model
ling procedures, and briefly discusses
the scope of conceptual systems plan
ning.

SIMPLIFICATION IN DATA
REQUIREMENTS AND
MODELLING PROCEDURES
The exploration of simplified transpor
tation planning procedures, which would
retain the basic structure of the conven
tional long-range and systems analysis
techniques, has focused on developing
traffic estimation models with a mini
mum need for current travel data. The
cost of conducting the home interview
surveys has been estimated to be in the
range of $7.25 to $40.00 per dwelling
unit interviewed, with the proportionate
cost of conducting such a survey in a
small area representing as much as 50
to 60 percent of total study costs (5,6).
Since statistical reliability requires the
sample rate be higher in smaller areas,
the cost per capita required to perform
a home interview survey is relatively
higher for these areas.
Alternative strategies have been for
warded in recent years to reduce the
data collection costs and yet maintain
the reliability of the models at an ac
ceptable level. These are discussed be
low.

1. Eliminate the need for home inter
view O-D survey by borrowing trip gen
eration and trip distribution models
from transportation studies for other
similar areas where such data were
available. Internal-internal trips then
can be synthesized based on these mod
els. In some cases a single set of trip
generation and trip distribution rela
tionships was considered adequate to
predict trips for a range of cities por
traying similar characteristics, the hy
pothesis being that there is a high de
gree of similarity in the traffic charac
teristics of urban areas of similar size
and economic character (7,8,9,10).
2. Reduce the size of the home inter
view O-D survey from the recommended
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12.5 or 20 percent to a one or two per
cent sample. The small sample would be
utilized to calibrate trip production and
trip attraction models as well as cali
brating a synthetic gravity model. The
hypothesis advanced is that a reduced
sample size either through a reduced
systematic sampling rate or by cluster
sampling will provide adequate basis
for model calibrations. Any limitation
of the small sample data may be over
come with available information from
other urban areas (11,12,13).
3. Use disaggregate trip generation
models with households as the basic
trip generating units, the hypothesis be
ing that the fundamental relationships
based on household characteristics would
have greater temporal and spatial sta
bility than models based on data ag
gregated to the zonal level. Disaggre
gated models would thus possess greater
transferability between cities (6,14,15).
An extensive literature has developed
reporting on the use of synthetic pro
cedures and tests performed to verify
their accuracy. Some consensus is being
reached. It has been found that synthe
sized models are capable of reproduc
ing the internal-internal trip pattern
with an accuracy acceptable for trans
portation planning in small urban areas.
Yet it must be noted that in the case of
borrowed relationships various adjust
ments have to be made to calibrate the
models by reconciling the synthesized
trips with observed volume counts and
screenline checks (8). The testing of
synthetic models has not progressed
to the point where it is possible to iden
tify and relate any pattern or consis
tency in errors to the population size of
urban areas or some other socio-econom
ic or travel characteristics.
The savings from synthesizing the
internal trip pattern is quite substan
tial, although this advantage must be
weighed against the fact that syntheti
cally derived models cannot match the
reliability of studies based on tradi
tional internal home interview surveys.
It is not clear exactly when the benefits
of simplification must be sacrificed in
favor of the added capability of respond
ing to system complexities and the
unique characteristics of an urban area's
traffic problems. It should be pointed out
that the synthetic development of travel
pattern without an O-D survey is usual
ly limited to internal-internal trips and
most small area studies still require an
external cordon survey, although a few
attempts have been made to synthesize
even the external travel pattern (16).
The concept of using borrowed models
and/or small sample survey has been
enhanced further with the increasing

popularity of disaggregate household
models for trip generation. There are
several reasons for the increasing pop
ularity of household category models
for estimating trip productions in traf
fic zones (17). Some of the advantages,
such as the adaptability of varying zonal
schemes, are inherent characteristics of
disaggregated household models and are
beyond any question. Some of the other
acclaimed advantages of such modes
are not so obvious and have not been
established conclusively. For instance,
the household trip rates generally are
expected to remain stable over a long
period of time: however, a recent study
has cast doubts on such temporal sta
bility (18). Two other characteristics —
the transferability of trip rates between
different urban areas and the adequacy
of a small sample in developing a house
hold category model—need further in
vestigations and are discussed in the
following sections.
Transferability of Disaggregate
Household Models
Many recent studies for small urban
areas have reported the use of trip pro
duction models borrowed from another
"similar" area. The criteria that have
been used to evaluate "similarity" be
tween two areas, in most cases, have
been limited to population size and
very gross indicators of the economic
base. In order to evaluate whether such
assumptions and gross criteria for sim
ilarity are valid, comparisons of trip
rates from different areas were made
as reported below.
Comparison of Trip Rates. In a re
cent investigation the trip rates of Mil
waukee, which has a population of ap
proximately one million, were compared
with two small cities in the same re
gion—Racine with a population of ap
proximately 110,000 and Kenosha with
a population of less than 100,000 (19).
Milwaukee's trip rates were compared
also with those for the rural area in the
same region. The household categories
and typical data used in the analysis
are shown in Table 1, which actually
represents the home based work (HBW)
trip rates for Racine. The comparisons
were based on trip rates treated in
groups and utilized a statistic similar
to Chi Square, which was developed
specifically for this purpose. The sta
tistic took into account the number of
observations and the variance in each
cell in evaluating the differences of the
average trip rates.
The results of the above investigation
indicated that there was a significant
difference between urban and rural trip
rates for the four trip purposes con-



LONG-RANGE TRANSPORTATION PLANNING 139

Auto
Ownership

CROSS-CLASSIFICATION ANALYSIS OF HBW TRIPS
FOR RACINE, WISCONSIN (1972 DATA)

(Number of Persons 5 Yrs. or Older)

(No. of Cars) 1 2 S 4 5 Yrs. or More
0.26 0.48 1.00 0.29 1.20

0 ( 57) ( 31) ( 6) ( 7) ( 15)
(0.64) (0.98) (1.15) (0.70) (2.17)
1.13 1.53 2.15 2.11 2.08

1 ( 60) (210) ( 61) ( 45) ( 49)
(1.09) (1.40) (1.35) (1.64) (1.72)
0.00 2.14 2.63 2.31 3.42

2 or ( 2) ( 72) ( 65) ( 49) ( 91)
More (0.00) (1.59) (1.74) (1.47) (2.25)

Exploration of Cell Values: X.XX = Average Trip Rate
(XX) = Number of Observations

Source: Reference (20).
(X.XX) = Standord Deviation of Trip Rates

TABLE 1

sidered. However, the difference in trip
rates between large and small urban
area was not significant except for the
nonhome based trip rates of Milwaukee
and Kenosha, and home based shop trip
rates of Milwaukee and Racine, which
were found to be significantly different.
Because the cities involved in the anal
ysis are in the same region, it was con
sidered necessary to extend the analysis
to cities from different areas and a new
investigation was carried out, for which
person trip rates from three small cit
ies—Elizabethton, Tennessee, with a
population of approximately 20,000, Mur
ray, Kentucky, with a population of ap
proximately 27,000, and Paducah, Ken
tucky, with a population of approxi
mately 45,000—were developed for three
trip purposes (home based work, home
based other and nonhome based) using

the same household categories as pre
viously shown in Table 1. The results of
a comparison based on the data for the
four cities of Racine, Elizabethton, Mur
ray and Paducah, as shown in Table 2,
indicated that in most cases the trip
rates from different cities were signifi
cantly different (20). It must be pointed
out that no universal conclusion can be
drawn based on the limited number of
comparisons and that the results merely
imply that the transferability of trip
rates between urban areas should not
be taken for granted.

Sample Size for Household
Category Models
The sample size for regular home in
terview O-D surveys is based on cri
teria that are primarily concerned with
the reliability of aggregated values such

STATISTICAL COMPARISON OF TRIP RATES OF SMALL URBAN AREAS
No. of
Cell Pairs
Included » <* Are Rates

Cities Trip (df = No. of Significantly
DifferentCompared Purpose Com pa risofll jransric* Cell Pairs)

Elizabethton
(1968) HBW 12 24.30 21.03 Yes
Vs. NHB 12 18.67 21.03 No
Racine (1972)
Elizabethton
(1968) HBW 9 33.39 16.92 Yes
Vs. HBO 9 79.50 16.92 Yes
Murray (1967) NHB 9 24.78 16.92 Yes
Elizabethton
(1968) HBW 11 46.61 19.68 Yes
Vs. HBO 11 30.70 19.68 Yes
Poducah (1971) NHB 11 142.46 19.68 Yes

!The cells with less than 16 observations were not included in the test.
2Q = 2 2 {(X« - Y„)2 (SXaVN,, + ST^/My)}
Source: Reference (20).

TABLE 2
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as the zonal trip ends or the interzonal
trips. Thus, in the case of regular sur
veys, samples must be taken from every
zone and when the number of zones is
substantial, even small numbers from
each zone add up to a large overall sam
ple. However, one of the advantages of
disaggregate household models is the
ability to "pool" data from various zones
to common categories based on house
hold characteristics, and thus the sam
ple size requirements are much less.

Effect of Reducing Sample Size. A hy
pothesis related to the sample size for
household category models which was
examined, was that 30 samples for each
cell would be adequate for estimating
the average trip rate for each type of
household. To test this hypothesis, the
original 17 percent sample of 1020
households from Elizabethton, Tennes
see, was used as the data base. The
number of observations varied from cell
to cell, and it was decided to reduce the
sample size of cells that had observa
tions larger than 30 by random sam
pling from the households of the respec
tive cells. The samples in cells that orig
inally had observations either close to
30 or less were not reduced at all. The
overall sample size was reduced from
the original 1020 to 445 households.
A comparison of the original trip rates
and the new rates was performed by
computing the statistic which was de
veloped from comparing trip rates in
groups and was mentioned earlier. The
results of the Chi Square test for the
three trip purposes, home based work,
home based other and nonhome based,
revealed no significant difference in the
trip rates derived from the original and
the reduced samples. It can be concluded
from the results that from the stand
point of the household trip rates alone,
the sample size can be much smaller
than what usually is used in urban
transportation studies.

CONCEPTUAL SYSTEMS
PLANNING
Whereas a simplification in data re
quirements and modelling techniques is
at one end of a range of alternatives
towards simplifying long-range trans
portation planning procedures, concep
tual systems planning lie3 at the other
extreme. The basic approach underlying
conceptual systems planning is to de
velop an idealized system of transpor
tation facilities based on broad prin
ciples of functional design. Unlike the
modelling oriented systems analysis
techniques, this procedure does not at
tempt to develop detailed justification
in terms of travel demand for every
segment of a proposed system. Yet this

idealized approach is especially appli
cable for long-range planning in small
urban areas since a detailed justifica
tion is not necessary to establish the
need for developing a sound basic frame
work of transportation facilities in all
urban areas.
The applicability of conceptual sys
tems planning in the case of small urban
areas is further strengthened by the
characteristics of the transportation
system in these areas. The primary
modes for passenger and goods move
ments within small urban areas are auto
mobiles and trucks for which an efficient
road system is essential. Public transit
systems for small urban areas also
utilize the urban streets, as practical
service alternatives are limited to fixed-
route and fixed-schedule bus systems
possibly integrated with a demand re
sponsive system for local distribution.
Thus, the physical transportation sys
tem in a small urban area is relatively
simple consisting primarily of a network
of roadways or thoroughfares and the
issues related to such a system in most
cases also tend to be somewhat straight
forward. Transportation problems in
small urban areas usually are limited to
a few congested arterial highways and/
or lack of cross-town facilities. The iden
tification of such problems and their
solutions generally do not require so
phisticated analytical tools. Thus, it may
be arsrued that long-range transporta
tion plans for small urban areas can be
developed based on conceptual systems
planning. The advantages of this alter
native approach in terms of cost and
time requirement are obvious.
Conceptual system planning is not a
new technique. This approach was prac
ticed as "thoroughfare planning" dur
ing the earlier stages of urban trans
portation planning. Actually several
hiarhway departments still use this sim
plified approach in the case of small ur
ban areas usually below 25,000 popula
tion. The same agencies, however, rely
on more sophisticated techniques for
larger urban areas. The question that
arises with respect to conceptual sys
tems planning as an alternative ap
proach to modelling-oriented procedure
is how to decide in which cases the ap
proach would be appropriate. It should
be pointed out in this context that the
conceptual system planning has a defi
nite role to play in the transportation
planning for both small and large ur
ban areas. In addition to its potential
to be used as a complete procedure by
itself in the case of small urban areas,
conceptual systems planning is needed
for developing alternative test plans aa
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part of the modelling-oriented planning
procedure.
Simplified/or conceptual procedures
naturally have their limitations and can
not be effective under all circumstances.
Again, the procedure for conceptual
systems planning itself may vary in
terms of data inputs and citizen partici
pation. There is a definite need to ex
plore the full potential of a range of
conceptual systems planning techniques
and develop guidelines for their appli
cation in transportation planning for
small urban areas.

SUMMARY AND CONCLUSIONS
It is recognized that transportation
problems and opportunities in small ur
ban areas are not comparable to those
in larger metropolitan areas. The re
sources available to small areas in terms
of funds and manpower also are fre
quently limited. Thus, simplified proce
dures for transportation planning must
be sought.

Simplification can be interpreted as
a reduction in data requirements and the
use of less sophisticated models, but
still continuing the use of sequential
travel estimation procedure. Opportu
nities for simplifying the trip generation
analysis with "borrowed" disaggregate
household models were explored. It was
demonstrated that the transferability of
household trip rates between different
urban areas could not be taken for
granted. However, household category
models based on small samples proved
to have significant promise.
Simplification can also be achieved by
completely bypassing the traditional
modelling procedure and relying on con
ceptual systems planning. Actually there
is a range of alternative approaches to
wards simplification and the applica
bility of a given approach would depend
on the transportation issues and resource
availability in a specific area. It is rec
ommended that transportation planning
procedures for small urban areas be
made flexible recognizing that planning
is performed in a variety of environment
under different institutional and resource
restraints. To further transportation
planning in small urban areas, efforts
should be devoted towards developing
a variety of simplified procedures ap
propriate for different situations.
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