
tination station to the combined AADT at all external 
stations. 

Statistical results that show the accuracy of the 
models are given in Table 8. Although some statistical 
measures appear to produce inaccurate predictions, it 
is generally assumed that reasonably high standard er
rors exist with these prediction models. Results from 
these four distribution models compare favorably with 
results obtained by others (2, 3). Overall, the models 
appear to be adequately reliable for planning purposes, 
especially in relation to ease of application and accuracy . 

SUMMARY AND CONCLUSIONS 

In this research, three prediction models were de
veloped: a model to predict the number of internal
external trips, a model to predict the percentage of 
external-external trips, and a model to distribute 
external-external trips. Both regression analysis and 
cross-classification techniques were tested in the de
velopment of the first two models, but only regression 
analysis was used to predict the distribution of through 
trips . Segregation of data into groups suitable for analy
sis did create some problems, but a method of trial-and
error evaluation enabled selection of the best combina
tion of variables. The independent variables required 
as input into the two intei·nal-external models, the two 
exte:l'nal-external (throuah) models, and the through-trip 
distribution models are summarized in Table 9. These 
independent variables were selected from data that were 
readily available, easy to forecast, and easy to monitor. 

Population was the most significant variable that af
fected the outcome of the internal-external trip regres
sion model. As previously noted, there were five popu
lation groups. These were found to be the most dis -
tinctive means of separating the study areas for analy
sis. Many of the small urban areas in Kentucky were 
found to have travel patterns very similar to those of 
other towns of comparable population. Although it is 
not verified here, other studies have shown that geo
graphical distribution has considerable influence on 
travel patterns, as does the proximity of the town to 
Interstate, parkway, or other major routes. The socio
economic characteristics of small urban areas also play 
a significant role in determining travel patterns. 

For predictions of internal-external trips, the re
gression equations given in Table 1 should be used. 
These equations are categorized into five groups ac
cording to population of the urban area, and predictions 
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of internal-external trips by zone are functions of zonal 
population and employment. The cross-classification 
prediction presented in Table 2 may have useful applica
tion if considerable care is taken to identify unique pro
ducers and attractors of trips and if special procedures 
for handling these trips are developed. 

For predictions of the percentage of external-external 
(through) trips, the regression equation presented in 
Table 3, which is representative of all cases, should be 
used. The model for cross classification is also pre
sented in Table 3, but its utility is questionable because 
of the small number of entries in each cell in the matrix. 

It was necessary to develop an external-external trip 
distribution model to implement results from develop
ment of a percentage-through-trip model. Results from 
the percentage-through-trip model can be input directly 
into one of the four distribution models presented in 
Table 4. This will enable the user to determine the 
percentage of through trips at a particular external sta
tion and then to distribute these trips to the other ex
ternal stations within the study area. The final results 
will be an external-external triangular trip table. 

Overall, the models developed in this study appear to 
be appropriate for planning purposes, especially in their 
ease of application and accuracy. 
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Indiana 

It is felt that smaller urban areas (less than 250 000 population) can 
benefit significantly from the transportation studies that have already 
been conducted in other, similar urban areas. The results of a study of 
the spatial transferability of various urban travel characteristics are ex-

amined. Such characteristics for the small metropolitan areas of Indiana, 
as well as other selected midwestern communities, are compiled and 
critically analyzed and compared with each other and with other local 
and national characteristics and trends. Trip frequency (generation) is 
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examined at three levels of aggregation: areawide, zonal, and household. 
A framework is then provided for the transferability of trip-generation 
parameters of concern to planners. 

Initiating a continuing, comprehensive, and coordinated 
transportation planning process can represent a formi
dable task for small metropolitan areas as their popula
tion reaches 50 000. This process usually follows the 
pattern set by the larger metropolitan areas in the 
19 50s, with its high requirements in terms of data col
lection (by origin-destination survey), technical com
plexity, and financial resources. However, the prob
lems faced by smaller areas are usually different in 
nature, in magnitude, and in context from those in larger 
areas. Moreover, the changing emphasis in urban 
transportation planning (1) from long-range, large
system pla1111ing to short~range improvements aimed 
at making better use of existing facilities, coupled with 
public concern over environmental and energy issues, 
has led to a reassessment of program priorities. As a 
consequence of this change in planning orientation, the 
development and application of "conventional", full
scale, comprehensive transportation studies is becom
ing less appropriate. It is therefore necessary to de
velop and implement simplified alternative planning ap
proaches that can reduce the time and cost required by 
the transportation planning process, thus saving re
sources that can be redirected toward program imple
mentation and the resolution of other issues. 

One approach to simplifying the transportation plan
ning process is to eliminate the need for a full-scale 
origin-destination (O-D) survey, which is by far the 
most costly, time-consuming, and time-delaying .ele
ment of the conventional process. This can be achieved 
by reproducing the travel patterns in the urban area 
under study, based on the socioeconomic and physical 
characteristics of that area, and using parameters and 
relations developed and calibrated in other areas where 
comprehensive 0-D surveys have been conducted. In 
such an approach-referred to as synthetic travel de
mand modeling-the information traditionally obtained 
from the 0-D survey is fabricated or synthesized by 
using parameters "borrowed" from "similar" areas. 
Questions arise, however, as to which parameters and 
relations can be transferred and which areas can be used 
as a source of such parameters. 

This paper addresses the above questions for pa
rameters and models that characterize the trip
generation (frequency) aspect of trip making. It pre
sents a critical appraisal of some of the suggested syn
thetic modeling techniques and develops a framework 
for transferring trip-frequency parameters for three 
levels of aggregation: areawide, zonal, and household. 
This theoretical framework is supported by empirical 
evidence derived from the comparison of parameters 
obtained from various study areas for each of the rele
vant levels of aggregation. 

SCOPE OF THE STUDY 

Urban areas in Indiana that have populations between 
50 000 and 250 000 were studied. The following Indiana 
urban areas were examined: Anderson, Evansville, 
Fort Wayne, Lafayette, Muncie, South Bend, and Terre 
Haute. The general characteristics of these areas are 
given in Table 1. The purpose of the study was to make 
more efficient use of the information made available by 
the full-scale transportation studies conducted in these 
areas. Its primary objective was to determine the ex
tent to which this information could be used to develop 
"universal" travel parameters that could be applied in 

other, comparable urban areas and to provide the frame
work for such use. In other words, it would assess the 
transferability of parameters and models calibrated in 
certain areas to other areas and relate this transfera
bility to characteristics of the urban areas (socioeco
nomic in the case of trip-frequency parameters). 

Secondary objectives included the development of a 
data base that could be used for the following purposes: 

1. Cross-checking of the output of the planning pro
cess in a given area by comparing key travel para.meters 
with available information from other areas fo1· the pur
pose of assessing its reasonableness (2), and 

2. Inpul £01· quick-estimation ("quick-respons e") 
techniques that might be needed for rapid evaluation of 
policy alternatives (~. 

Although this study focuses on urban areas in Indiana, 
it is anticipated that the results and procedures would be 
directly applicable to other midwestern communities that 
fall into the same size group. Because of the general 
nature of the results, their validity is by no means 
limited to the state or regional level. 

DISTRIBUTION OF TRIPS BY PURPOSE 

Variation Between Urban Areas 

Transportation studies have usually classified internal 
trips by as many as seven purposes. In the interest of 
simplification, it is recommended that fewer trip pur
poses be used in the demand modeling process (4). For 
small urban areas, the following three trip purposes 
are usually adequate: home-based work (BBW), home
based other (HBO), and non-home-based (NHB). 

Trip distribution by purpose (for internal vehicle 
trips only) for each of the study areas is given in Table 
2. For those areas in which more than three purposes 
were used in the transportation study, the trips were 
combined accordingly into the three categories. Since 
the number of truck trips was relatively small com
pared with the total number of trips in these areas, 
truck trips were combined with 11011-home-based trips 
(standard procedu1·e used in most small-area trans
portation studies). 

Wilson and Kl"istoffersen (5) have shown that trip 
distribution by purpose is independent of city size for 
smaller and medium-sized cities. However, this does 
not necessarily imply that this distribution is identical 
for all cities. The hypothesis of the independence of the 
distribution of trips among purposes from the various 
factors that differentiate cities is tested in this section. 
A chi-square test was used for this purpose (6). 

To use this test, the number of trips by purpose and 
by urban area can be arranged in a contingency table, 
with urban area as the row factor and purpose as the 
column factor. However, the actual frequencies (num
ber of trips) obtained from the 0-D survey (before ex
pansion) should be used instead of the numbers or pe1·
centages given in Table 2 because the test statistic is 
sensitive to sample size. The hypothesis of indepen
dence was rejected with 99 .5 percent confidence (x2d••• = 
5596 versus X2

u.o.oos : 28.299). The results of tbis test, 
therefore, demonstrated that the distribution by purpose 
of internal vehicle trips was not the same for all small 
urban areas in Indiana. 

Pairwise comparisons of each of the urban areas by 
use of chi-square tests also provided statistical evidence 
for the rejection of the hypothesis that trip distribution 
by purpose is identical in any two of the urban areas 
studied. However, from a practical standpoint (as op
posed to a purely statistical one), and considering the 
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Table 1. General characteristics of study areas. 

Characteristic Anderson Evansville Fort Wayne Lafayette Muncie South Bend Terre Haute 

Survey year 1971 1970 1961 1970 1971 1967 1971 
Population 90 338 175 514 203 861 101 125 100 056 219 018 102 729 
Occupied dwelling units 29 808 60 500 64 780 29 758 31 015 69 091 41 418 
Automobiles per household 

Census'" 1.30 1.26 1.36 1.27 1.30 1.30 1.18 
Transportation study reportsb 1.30 1.30 1.16 1.54 1.52 1.25 1.00 

Persons per household 3.03 2.90 3. 15 3.40 3.33 3 .17 2.48 

•From 1970 data for the SMSA. 
b From reports for the study area (within the cordon area). 

Table 2. Total trips by purpose. 
HBW HBO NHB' Total 

Urban Area Number Percent Number Percent Number Percent Number Percent 

Anderson 47 105 16.2 
Evansville 74 586 16.5 
Fort Wayne 90 203 23 .3 
Lafayette 44 337 15.0 
Muncie 38 591 13.4 
South Bend 79 672 15. l 
Terre Haute 36 745 15. 7 

"Including truck trips 

Table 3. Distribution of household 
Number of HBW trips by purpose for city of Automobiles 

Evansville. Owned Number Percent 

0 6 22.2 
1 2351 23.5 
2 4000 25.2 

23 1117 25.0 

relatively large uncertainty accepted in transportation 
studies because of the very nature of the issues ad
dressed (especially in the context of smaller urban 
areas, where the decis ion may concern the number of 
lanes of a certain facility), the percentage distributions of 
trips by purpose obtained for the study areas and given 
in Table 2 can be useful. The average (unweighted) dis
tribution for these areas is as follows: HEW, 16.5; 
HBO, 46.9; and NHB, 36.6. These percentages can be 
used to dev.elop gross estimations or as an initial as
swnption (to be adjusted later in the process) in a syn
thetic modeling effort (J}. 

Variation Within Urban Areas 

In order to understand some of the factors behind the 
variation of the trip-purpose distribution between urban 
areas, this distribution was investigated within urban 
areas. Trips 111ade by individual households are con
sidered in this case. Separate trip-purpose distribu
tions were developed for levels of household automobile 
ownership by using raw household 0-D survey data col
lected in Evansville. The numbers and percentages of 
trips observed for each purpose and level (category) of 
automobile ownership are summarized in Table 3. 

To test the hypothesis that the distribution by purpose 
of trips made by households is independent of the socio
economic characteristics of households (as reflected in 
automobile-ownership status}, a chi-square test similar 
to the one described earlier was used. Once again, test 
results led to the rejection of the independence hypothe
sis; i.e., it was found that the distribution of trips by 
purpose is related to the socioeconomic characteristics 
of the household. 

No direct testing of whether the distribution of trips 
by purpose for each socioeconomic category is identical 

145 958 50.3 67 139 33.5 290 202 100 
188 285 41.6 189 923 41.9 452 794 100 
146 990 38.0 150 029 38. 7 387 222 100 
154 067 52.1 97 306 32.9 295 710 100 
159 017 55.2 90 641 31.4 288 249 100 
208 452 39.3 241 896 45.6 530 020 100 
121 836 52.1 75 130 32.2 233 711 100 

HBO NHB Total 

Number Percent Number Percent Number Percent 

15 55 . .6 6 22.2 27 100 
4996 49.9 2661 26.6 100 08 100 
6997 44.1 4872 30. 7 158 69 100 
1974 44.1 1381 30.9 44 72 100 

among urban areas was conducted. Later, however, 
this is done indirectly in relation to disaggregate house
hold trip rates, where it is demonstrated that the aver
age number of trips for each purpose made by individual 
households of a certain socioeconomic category does not 
differ significantly between urban areas. This conclu
sion, coupled with the conclusion that trip distribution 
by purpose is significantly different for each socioeco
nomic group within an urban area, appears to indicate 
that the variation of the overall (areawide) trip distribu
tion by purpose between urban areas can, at least in 
part, be attributed to the variation of the socioeconomic 
mix (distribution of households among socioeconomic 
groups) between these a1·eas. 

The practical implications of the above are that area
wide trip distributions by purpose should not be trans
ferred indiscriminately between urban areas . Only if 
the socioeconomic mix is identical (which is not easy to 
prove in practice) can s uch a transfer be justified . 

TRIP FREQUENCY (GENERATION) 

Areawide Trip Rates 

On an areawide basis, trip frequencies are most com
monly expressed in terms of average number of trips 
per household and average number of trips per person, 
which are calculated from the overall nUDlber of trips 
and the overall number of households (or area popula
tion) . These rates are useful in predicting total tra.vel 
in an area or as a criterion for checking the reasonable
ness of survey results or model outputs. Vehicle trips 
per household as well as vehicle trips per person for the 
study areas are given in Table 4. These rates exhibit a 
fairly wide range of variation: 5.64-9 .94 trips/household 
and 1.90.-3 .22 trips/person. 
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Table 4. Areawide vehicle trip rates. HBW HBO NHB" All 

Urban Per Per Per Per Per Per Per Per 
Area Household Capita Hous ehold Capita Household Capita Household Capita 

Anderson 1.58 0 .52 4.90 1.62 3.26 1.08 9. 74 3.22 
Evansville 1.23 0 .42 3.11 1.07 3.14 1.08 7.48 2.57 
Fort Wayne 1.39 0.44 2 .27 0.72 2.32 0. 74 5.98 1.90 
Lafayette 1.49 0 .44 5.1 8 1.52 3.27 0.96 9.94 2.92 
Muncie 1.17 0 ,39 4.83 1.59 2.92 0 .91 8.92 2.89 
South Bend 1.15 0.36 3 .02 0.95 3.50 1.11 7.67 2.42 
Terre Haute 0.89 0 ,36 2.94 1.19 1.81 0 .73 5.64 2.28 

• including t ruck trips 

Table 5. Cross classification of HBW Trip Rate by Household Size 
vehicle trip production for Lafayette 
and Evansville. Number of 

Automobiles One 
City Owned Member 

Lafayette 0 0.004 
1 0 . 572 
2 0.867 
3+ 

Evansville 0 0.006 
1 0 .829 

1.0 
3 > 

The factors behind this variation in aggregate area
wide trip-frequency parameters were investigated by 
Chan in an effort to develop models for predicting area
wide trip frequency (8). It was shown in that study that, 
for urban areas that had populations in the range of 
50 000-800 000, only socioeconomic factors contributed 
to the differences in areawide trip-frequency parameters; 
urban form and structure were not differentiating factors 
in trip-frequency prediction. That same study found that 
average automobile ownership per dwelling unit (over the 
whole study area) showed the highest significant correla
tion with trip rates. 

The regression equation developed by Chan for urban 
areas with populations of 50 000-800 000 is given below: 

Average number of person trips/household = 1.262 + 6.59 1 

x (average automobile ownership/household) R2 = 0.412 (I) 

Testing this equation for the Indiana study areas showed 
that the equation does not lead to very accurate predic
tions. However, any areawide aggregate regression 
model is likely to suffer averaging biases inasmuch as 
average automobile ownership per household might not 
be a good representative of the distribution of automo
bile ownership for each household in the urban area. 

To test whether the distribution of automobile owner
ship is independent of the urban area (Le., similar for 
all areas), a chi-square test was again used. The sta
tistical test in fact substantiated that the distribution of 
households by automobile ownership is not the same for 
all of these urban areas. Using this technique for test
ing the similarity between household aulomobile
ownership distributions of pairs of urban areas (2x4 con
tingency tables) shows that only two of the urban areas, 
Anderson and Muncie, have similar household distribu
tions by automobile ownership. All of the others are 
different with respect to each other. This socioeconomic 
similarity between Muncie and Anderson is also reflected 
in the areawide trip rates. For Muncie and Anderson, 
respectively, vehicle trips per household equal 8.92 and 
9.74 and person trips per household equal 12.95and 13.18. 

Automobile ownership was used in the above tests only 
as an indicator of socioeconomic characteristics. This 
does not mean that it is the only important factor in de
termining areawide travel frequency. The finer is the 

Five or 
Two Three Four More 
Members Members Members Members 

0.004 0.091 0 0 
0.868 1.118 1.371 1.456 
1.870 2.266 2 .280 2.231 
2.0 2. 704 2 . 2 ~ 2 i.tl88 
0.008 0 0 .034 0 
0.910 1.179 1.375 1.345 
1. 982 1. 894 2 .044 2 .023 
1.929 2.812 2.967 2 .973 

categorization of households by various socioeconomic 
characteristics in urban areas, the more accurate is the 
comparison between these areas and the more reliable 
are the results obtained by using borrowed parameters. 
This concept is described in greater detail in subsequent 
sections of this paper. 

TRIP-GENERATION ANALYSIS AT 
THE ZONAL LEVEL 

Most transportation studies use the zone as the basic 
geographic unit of analys is. Multiple -regression tech
niques are generally used to relate zo1ial trips (or av
erage zonal trip rates) to zonal socioeconomic and land
use characteristics. This is a very familiar technique, 
and it \Vill not be discussed here. 

A feeling exists among many planners that zonal re
gression equations developed in a certain area could be 
transferred and used to model travel in a different area, 
especially in the case of small urban areas (5,9, 10). 
Along the same line, equations based on pooled- data 
from different cities have been developed and recom
mended for use in synthetic trip-generation analysis (9). 
This direct borrowing of zonal regression equations -
was tested for some of the urban areas included in this 
study by using the equations for internal vehicle trip pro
duction for each of the three purposes described earlier. 
This test demonstrated that aggregate models cannot be 
reliably transferred between different urban areas. To 
overcome the disadvantages of using aggregate models, 
it was suggested that regression equations with trips per 
household as the dependent variable be calibrated at the 
household level so that the household is considered as 
the basic unit of analysis (11). Trip-generation rates 
at the household level are discussed in the following 
section. 

DISAGGREGATE HOUSEHOLD TRIP 
RATES 

Two types of disaggregate household trip-generation 
models can be used: regression models calibrated at 
the household level or cross-classification (ca tegory 
analysis) models. Cross-classification models stratify 
households according to their socioeconomic character-
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Table 6. Summary oft-test results: cell-by-cell comparison of Lafayette and Evansville trip rates. 

Cell 

Members of Are Means 
Automobiles Househol d t• HBW' Different? t' 

0 I 0 .3 152 J.960 No 3 .573 4 
0 2 0 .4 713 1.970 No 1. 7257 
I I 3.379 I. 960 Yes 4.5151 
J 2 0. 709 1.960 No 4,6519 
l 3 0.5929 1.960 No 0.648 
1 4 0.0331 1.967 No 1.939 
l 5 0.8887 1.970 No 0.1375 
2 2 1.0944 1.960 No 2.3101 
2 3 2.8879 1.967 Yes 1.1887 
2 4 1. 9060 1.967 No 1.0002 
2 5 1. 8103 1.965 No 1.8753 
3 3 0.2959 1.960 No 0.6842 
3 4 2 .493 5 1.974 Yes 1.9689 
3 5 0.2833 1.974 No 3.459 

"t-statistic computed from the data, 
bta.i.o o:n~, t-statistic from standard distribution. 

istics and provide estimates of trip rates for each of the 
household categories. Both types of models predict 
equally well over the full range of households and appear 
to be indistinguishable with respect to sample-size sen
sitivity (12). 

Disaggregate household models have been shown to be 
superior to aggregate models in various respects, such 
as yielding better estimates of zonal tota ls and the mean 
trip r ate (11), Disaggr egate models a r e also more data 
efficient than aggregate models, requiring fewer data for 
their calibration (10, 13). Moreover, because of their 
behavioral nature ltiscla imed that they are stable tem
porally as well as spatially (10, 13-16). 

The spatial stability of householdTrip rates and their 
consequent transferability between small urban areas 
are investigated in this section. Cross-classification 
models for Lafayette and Evansville have been developed 
for this purpose. Category analysis has been used in
stead of the household regression technique because of 
its ability to express nonlinear relations, its inherent 
distribution-free characteristic (statistical distribution 
of the trip rates within each cell need not be assumed), 
and its ease of understanding and application. The inde
pendent variables used to classify households are auto
mobile ownership and number of household members, 
both of which have been shown to be the major determi
nants of household trip generation (17). For illustrative 
purposes, Table 5 gives the averageHBW vehicle trip 
rates per household category for each of the two test 
areas. 

To compare trip rates, the use of a test statistic 
comparable to the chi-s quare distribution has been sug
gested (14). This test provides an overall comparison 
of all trip rates from two separate trip tables. It is, 
however, very sensitive to differences in individual-cell 
mean pairs. In other words, if the rates for one of the 
cells are somewhat different for the two tables, the test 
might lead to the conclusion that the two tables are sig
nificantly different. Since only some cells might have 
different average trip rates (often because of bad data 
points or slight deviations in each of the cells), trip 
tables should be compared on a cell-by-cell basis. A 
t-test can be used for this purpose. The test statistic 
used in this situation involves the comparison of two 
means for two cells, each of which contains a sample 
from two independent random variables, where the re
spective sample sizes are unequal and greater than 30 
and the respective population variances are unknown and 
not necessarily equal. The results of these tests, sum
marized in Table 6, lead to the conclusion that, overall, 
trip rates are not significantly different for the two areas 

Are Means Are Means 
HBO' Different? l' NHB' Different? 

1.965 Yes 2 . 9024 1. 965 Yes 
1.960 No 1.2 866 1. 960 No 
1.960 Yes 0.4817 1.960 No 
1.960 Yes 3.5254 1,960 Yes 
1.960 No 0.5013 1.960 No 
1.967 No 2 .3513 1.968 Yes 
1.968 No 1. 8203 1.970 No 
1.960 Yes 0.3085 1.960 No 
1.966 No 1.3155 1.965 No 
1.967 No 1. 9298 1. 967 No 
1.960 No 2.2254 1. 960 Yes 
1.99 No 1.0664 1.981 No 
1.974 No 1.0842 1.979 No 
1.978 Yes 3'. 1343 1.980 Yes 

for all three trip purposes. Only a few cells show sig
nificant differences. These might be caused by the in
accuracy of some of the observations, which might lead 
to erroneous rates . 

This comparison strengthens the belief that disaggre
gate household models are transferable from one area 
to another, especially in the case of small urban areas, 
regardless of the socioeconomic differences between 
them . This conclusion is also consistent with the find
ing, demonstrated in an earlier section of the paper, that 
the distribution of trips by purpose is related to house
hold characteristics. In spite of its simplicity and seem
ing lack of sophistication, cross classification is never
theless the most appropriate technique for trip
generation analysis within the structure of the conven
tional urban transportation planning process. 

CONCLUSIONS 

It has been shown in this paper that overall trip distribu
tion by purpose is not similar between urban areas. 
Within an urban area, trip distribution by purpose varies 
among socioeconomic groups. 

In a parallel way, it has been shown that the variation 
of areawide trip-frequency rates among urban areas re
flects the variation of the socioeconomic distribution of 
households between these areas. Areawide frequency 
parameters would therefore be transferable between 
urban areas only when these areas have a similar socio
economic distribution of households. 

To transfer trip-frequency relati.ons (number of trips 
as a function of other varia bles), these relations should 
relate trip making to its basic socioeconomic determi
nants at the household, or disaggregate , level. Aggre
gate equations tend to mask the causal aspect of the re
lations, and care must be exercised in borrowing such 
equations. Empirical evidence to that effect has been 
presented: Zonal regression equations developed in the 
study areas led to erroneous results when they were used 
in areas other than the ones for which they were devel
oped. However, unlike aggregate models, disaggregate 
household models demonstrate the highest potential as 
well as the strongest theoretical justification for being 
transferred between small urban areas. Therefore, it 
is felt that trip-generation rates computed in one urban 
area whose population is in the 50 000-250 000 range can 
be successfully applied to synthesize travel in another 
urban area of comparable size, if the trip rates are de
rived from household-level data, 



34 

ACKNOWLEDGMENT 

This paper summarizes the results of a research project 
conducted by the Joint Highway Research Project staff at 
Purdue University. The project is funded by the Federal 
Highway Administration, U.S. Department of Transporta
tion, through Highway Planning and Research funds ad
ministered by the Indiana State Highway Commission. 

We, the authors, accept sole responsibility for the 
contents of this paper. 

REFERENCES 

1. K. E. Heanue. Changing Emphasis in Urban Trans
portation Planning. Presented at the 56th Annual 
Meeting, TRB, 1977. 

2. H. S. Levinson. Characteristics of Urban Trans
portation Demand: A New Data Bank. TRB, Trans
portation Research Record 673, 1978, pp. 53-59. 

3. A. B. Sosslau, A. B. Hassam, and M. M. Carter. 
!.V!anual Techniques and Transferable Parameters 
for Urban Transportation Planning. TRB, Trans
portation Research Record 673, 1978, pp. 32-40. 

4. Transportation Planning in Small Urban Areas: 
The Appropriate Level of Effort. Federal Highway 
Administration, U.S. Department of Transportation, 
1977. 

5. S. Kristoffersen and E. M. Wilson. Trip
Generation Synthesis for Small and Medium-Sized 
Cities. TRB, Transportation Research Record 
638, 1977, pp. 18-21. 

6. I. W. Burr. Applied Statistical Methods. Aca
demic Press, New York, 1974, p. 419. 

7. Traffic Simulation Model Procedures Report for 
Columbus: Bartholomew County Transportation 
Study. Vogt, Sage, and Pflum Consultants, In
dianapolis, June 1976. 

8. Y. Chan. Review and Compilation of Demand Fore-

casting Experiences: An Aggregation of Estimation 
Procedures. Pennsylvania Transportation Insti
tute, Pennsylvania State Univ., University Park, 
June 1977. 

9. J. Bates. Development and Testing of Synthetic 
Generation and Distribution Models for Urban 
Transportation Studies. State Highway Department 
of Georgia, Atlanta, 1971. 

10. W. L. Grecco and others. Transportation Planning 
for Small Urban Areas. NCHRP, Rept. 167, 1976. 

11. H. Kassoff and H. D. Deutschman. Trip Genera
tion: A Critical Appraisal. HRB, Highway Re
search Record 297, 1969, pp. 15-30. 

12. R. Dobson and W. E. McGarvey. An Empirical 
Comparison of Disaggregate Category and Regres
sion Trip Generation Analysis Techniques. Trans
portation, Vol. 6, 1977, pp. 287-307. 

13. Trip Generation Analysis. Federal Highway Ad
ministration, U.S. Department of Transportation, 
Aug. 1975. 

14. A. Chatterjee, D. R. !v'!artinson, and K. C. SiP-'1a: 
Trip Generation Analysis for Regional Studies. 
Transportation Engineering Journal, ASCE, Vol. 
103, Nov. 1977. 

15. E. J. Kannel and K. W. Heathington. Temporal 
Stability of Trip Generation Relations. HRB, High
way Research Record 472, 1973, pp. 17-27. 

16. H. F. Wooton and G. W. Pick. A Model for Trips 
Generated by Households. Journal of Transport 
Economics and Policy, Vol. 1, May 1967, pp. 
137-153. 

17. W. Y. Qi and P. W. Shuldiner. An Analysis of 
Urban Travel Demands. Northwestern Univ. Press, 
Evanston, IL, 1962. 

*H. S. Mahmassani and 0. M. Bevilacqua were at Purdue University when 
this research was performed. 

Land-Use-Allocation Model for Small 
and Medium-Sized Cities 
C. J. Khisty, Department of Civil and Environmental Engineering, Washington state 

University, Pullman 

A residential land-use-allocation model most suitable for use in small and 
medium-sized cities is described. It can also be used in large metropolitan 
areas to serve as a check or backup method on the reasonableness of fore
casts produced by more sophisticated models. The model makes use of 
Gompertz curves and the concept of holding capacity to allocate regional 
totals to planning areas. Residential development factors are then used 
to further distribute these planning-area totals to small areas such as 
census tracts or traffic zones. In an ex post facto test of this model in 
which the U-statistic was used as a measure of performance, the accuracy 
of the method was found to be excellent in comparison with that of 
sophisticated, computer-oriented urban development models. Use of the 
procedure will save money, time, and personnel, all of which are impor
tant consi,derations for planning organizations that work under a fixed 
budget. 

Land-use-allocation models fuel the typical four-step 
sequential transportation models. The general land-use 

model used in this process takes areawide forecasts of 
several socioeconomic variables as control totals and 
uses some procedure to allocate them to small areas, 
usually traffic analysis zones. The allocation proce
dures currently used by transportation planning agencies 
range from traditional "manual" techniques to sophis
ticated urban development models such as the Projective 
Land-Use Model (PLUM). Many small and medium
sized cities do not have the expertise, time, or money 
to run these large-scale models but prefer to rely on 
simple, less expensive, and more transparent models. 
Such methods, however, have not been generally de
veloped and validated. 

This paper describes a simple method of land-use 
allocation for small areas, in which the concepts of hold
ing capacity, Gompertz curves, rates of land consump
tion, and residential development factors are used. 




