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INTRODUCTION

The most extensive highway construction program
ever attempted in the United States of America is
the National System of Interstate and Defense Highway
which, when completed, will comprise over 42,000 miles
of multi-lane divided highway. This system will link toge-
ther more than 90 percent of the cities of the United

States having populations of 50,000 or more.[1]

Incorporated into the program (Federal- Aid Highway
Act of 1956) authorizing the construction of the Inter-
state System are provisions which prohibit roadside de-
velopment of user oriented facilities such as gasoline
stations, restaurants and motels within the rights-of-way
of the Interstate System. The controls, in effect, force
users to exit the system for services. In addition, the Act
also limits the number of access and egress points to
grade-separated interchanges with connecting highways.
Interchanges are designed with approach and exit ramps
s0 as to channel traffic to and from the Interstate System,
without hindering the free and save movement of traffic
upon the system or the connecting highways. Itis estima-
ted that there could be as many as 14,000 of these
interchanges on the completed Interstate System.[2]

The fact that traffic to and from the Interstate System
must be channeled through an interchange makes the
neighborhood area uniquely favorable for economic de-
velopment. Users traveling long distances do not ordina-
rily desire to go far from an interchange in search of
gasoline, food, or lodging, and hence, the vicinity of an
interchange is advantageous for the construction of
highway oriented establishments such as service stations,
restaurants and motels.

Just as many present trade centers, towns, and cities
can trace their origins to the existence of transportation
crossroads (e.g., river junctions or railroad connections)
which provided improved linkages between local land
uses and distant land uses, the interchange area also
offers opportunity for community development by rea-
son of improved access between land uses. The deve-
lopment of commercial or industrial establishments, re-
creational facilities, residential units, and the above
mentioned highway oriented establishments at an inter-
change stimulates general business activity, creates new
jobs, increases income, and expands the tax base of the
community.

Many of the completed interchanges have already be-
come focal points for economic development and are
likely to become more so in the future. However, not all
interchange areas have the same potential for economic
development. This is supported by the fact that some
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interchanges have grown considerably in a very short
period while others have shown no development even
after a lapse of several years. A problem of economic
importance is the determination of the reasons for such
differences in development.

OBJECTIVE OF THE STUDY

The primary concern of this investigation is to develop
a method for predicting the economic development that
is likely to occur ata given interchange site. The goalis to
identify the interrelationships among the important fac-
tors leading to interchange development and to provide
planners with a guide to estimating the potential deve-
lopment of non-urban interchange areas. Knowing the
probable level of interchange area development, State
and local planners can then prepare a reasonable land
use plan for the interchange. Design engineers can, in
turn, proceed to determine the highway capacity require-
ments, geometric configurations and traffic control
needs according to theland use planframework. With an
accurate development forecast, the highway design and
land use plan can be coordinated to encourage desirable
and efficient development, while at the same time facili-
tating both traffic flow and safety and reducing the pro-
bability of premature obsolescence. In cases where pre-
mature obsolescence of the interchange facility has oc-
curred, knowledge of future growth potential can be
incorporated in the redesign and reconstruction of the
interchange.

Many problems are involved in attempting to develop
a means of predicting economic development at inter-
change areas. Some of the initial points to be established
involve proper definition of

1) the interchange area or ‘‘interchange community,”
and

2) the economic development or ‘‘economic growth”
of an interchange community. Another type of problem
arises in quantifying the various factors which cause
differences in the economic growth of interchange com-
munities.

AN ECONOMETRIC GROWTH MODEL

The spontaneous economic development of a com-
munity is a complex phenomenon which involves balan-
cing the rates of growth of the various segments that
together form the community. There is, however, consi-
derable variety in community types (residential, com-
mercial, industrial etc.), and the balanced growth of one
type of community will differ from that of another.

The pattern of development for a particular commu-



nity will often depend upon circumstances that are un-
ique to that community. For example, the speculative
withholding of land from the market may delay the
growth of the community, whereas the establishment of
a new industrial plant close to a residential area may
substantially promote its growth.

Since the economic growth of a community is such a
complex phenomenon, to describe the state or level of
development for a given community must involve mea-
surement of the many characteristics of that community.
The population of the community, number of persons
employed in the community, capital investment in ser-
vice facilities, number of housing units and the like, are
all examples of variables that may be used to describe the
level of economic development for a given community.

In order to predict the development of the community
as a whole, each variable (which measures a particular
characteristic or segment of the community) would have
to be predicted. On account of the interrelationships of
these variables, each one affects the “‘growth” of the
community, and is, in turn, affected by the growth that
takes place. For example, as a residential community
grows, a need for service facilities such as grocery stores,
gasoline stations for automobiles, variety and drug stores
etc. develops. Consequently, this development encoura-
ges further residential expansion.

Similarly, a large flow of traffic on the crossroad at an
interchange area may lead to more intense development
of service facilities such as service stations, restaurants
and motels at the interchange. As a result, this develop-
ment may cause additional traffic on the crossroad.

Factors of this type which affect one or more other
factors and, in turn, are influenced by them, are called
endogenous variables. In short, these are the variables
whose values the model seeks to explain.

In addition to the endogenous variables described,
there are other factors that affect the level of economic
development or growth of an interchange community;
these factors, however, are generally not affected by the
growth that takes place. These factors are called exoge-
nous variables. For example, the variables which de-
scribe the geographical or physical environment of an
interchange community are generally not influenced by
economic development, although they do affect the de-
gree of development that may be expected to occur.

Exogenous factors affecting the growth of an inter-
change community may include distances from nearby
urban centers, topographic characteristics of the inter-
change area, access, zoning etc. Briefly, these are the
variables which are determined apart from development
atan interchange area. They are predetermined and may
be regarded as given for purposes of explaining the va-
lues of the endogenous variables.

The classification of a variable as exogenous or endo-
genous depends upon the nature and objectives of the
model. A variable classified as exogenous in one model
may be considered as endogenous in another. The crite-
rion to be used in classifying a variable is to regard as
exogenous to a specified system those variables which
influence the remaining (endogenous) variables but are
not, as a result, affected.[3]

ASSUMPTIONS OF THE MODEL

It will be assumed that the entire model can be
presented as a system of simultaneous linear equations
[4] where each equation describes the way in which a
particular aspect of economic development (endogenous
variable) is determined by other relevant endogenous
and exogenous variables. Such an equation describes a
particular “structure” of the economic community and is
called a structural equation of the model.

Any one of the structural equations in the model will

have the same mathematical appearance as that of an
ordinary multiple regression equation. However, the pa-
rameters of a structural equation in a system of equations
cannot (in general) be derived by ordinary regression
techniques. Other suitable methods have been develop-
ed.[5] One of these should be used.

In addition to the endogenous and exogenous vari-
ables in the model, it is assumed that each equation
contains a stochastic variable called a disturbance (or
shock) term which represents the aggregate effects of the
unspecified variables for each relation.

An exceedingly large number of variables may in-
fluence the economic development of an interchange
community. Many of these may have very slight effects,
others are not quantifiable. Still, others may be unique
for a given area. It is not practical to include all of these
variables in a model. Hence, the model specifies only the
variables thought to be most important. The net effect of
the excluded variables for each equation is then repre-
sented by a disturbance term.

It will be assumed, for purposes of estimating the
parameters of the model, that each of the disturbance
terms behaves as a random variable having an expecta-
tion of zero, constant variance, and zero covariance with
each other disturbance term.

Besides assuming linear structural equations for the
model, we shall assume that no errors of observation
have been made in measuring the endogenous and exo-
genous variables.

LIMITATIONS OF THE MODEL

It is assumed that the entire model can be presented as
a system of simultaneous linear equations, in which a
separate equation is used to describe the level of econo-
mic development of each of the segments of the inter-
change community in terms of the levels of development
of the other segments (endogenous variables) and in
terms of the characteristics of the environment itself
(exogenous variables). The actual relationships among
the variables of the model, however, may be more com-
plex than the linear form assumed, in which case mislead-
ing estimates of the influence of the variables may result.

There may be unique or peculiar characteristics asso-
ciated with specific interchanges which the model (being
of a general nature) will not take into account, except as
they may be represented as a part of the stochastic term.
For example, the speculative withholding of land from
the market may delay the growth of an interchange area.
Similarly, intangible factors (e.g., aesthetic consider-
ations) or other non-economic factors which might have
a profound influence upon the degree to which a given
interchange develops may be unaccounted for by the
model.

The model developed is of a static nature. That is, it
describes the equilibrium state of economic develop-
ment in the neighborhood of a given interchange. It
cannot, however, predict the course of economic deve-
lopment.

Since the model will be designed to predict economic
development at interchange areas, the problem of pro-
perly defining the interchange area or “‘interchange
community” arises. The area to be included or the boun-
dary of the interchange community is not easily deter-
mined.

Some authors have used the term “interchange area”
rather loosely to cover the entire vicinity in which the
existence of the interchange may stimulate intensive uses
of land that would not, otherwise have located there.[6]
Others have used the term “‘area of influence” to mean
the area within the vicinity of the interchange that is
affected by the facility.[7)

Various studies have found that for non-urban inter-
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changes, the majority of new economic development
occurs within one-half mile of the interchange.[8] For
this reason, the model will consider the “‘interchange
community” as the area located within one-half mile of
the interchange. Some arbitrary limitation of the inter-
change community is necessary and the one chosen will
have some adverse effects on the applicability of the
model to some interchanges, where exceptional geo-
graphic or topographic conditions lead to important de~
velopments more than one-half mile from the inter-
change.

Another very practical as well as important consider-
ation is that the model be designed such that it can be
implemented easily using secondary data. Although a
model that requires an extensive primary data collection
effort may have greater predictability for a specific loca-
tion, it would have very limited general value.

DEVELOPMENT OF THE SIMULTANEOUS
EQUATIONS MODEL

The development of a particular structure of the gene-
ral model that reasonably may be expected to describe
and predict development of an interchange community is
itself a complex matter. Firstly, the relevant variables
have to be identified and measured. These variables
must be classified into the endogenous and exogenous
categories.

The next step is the construction of the equations of
the model. Involved in this is the problem of determining
the form of the equations that best describes the nature
of the relationships among the variables. Also there is
the problem of determining which of the many variables
that belong to the complete system should be included in
(or excluded from) a particular equation. An incorrect
inclusion or exclusion of a variable constitutes what is
known as an error of specification and may have serious
effects on the estimates of the parameters of the mo-
del.[9]

After the variables of the model have been defined
and the equations constructed, the next step is the statis-
tical estimation of the parameters of the structural equa-
tions of the system. An essential prerequisite to the
statistical estimation of the parameters of the model is to
verify that each equation in the model is unique in the
sense that it is not a linear combination of the other
equations in the model.

The method of estimation to be used in this research
endeavor is a form of the so-called two-stage least
squares technique. [10] The set of equations that consti-
tutes the structure contain both exogenous and endoge-
ous variables as mentioned earlier. There are as many
endogenous variables as there are equations - since each
equation “explains” the level of a particular measure of
development (an endogenous variable) in terms of the
levels of all other variables (endogenous and exoge-
nous). This set of equations may be solved so as to obtain
for each endogenous variable an expression relating the
level of that endogenous variable to the values of all the
exogenous variables,

For example, the first of the structural equations will
be of the formy 1= f1 (Y 2,...,¥ns X1,...,Xy,) Where the y’s are
endogenous variables and the x’s are exogenous varia-
bles. There will be “‘n” such structural equations. This set
of equations may thenbe solved for the y’s in terms of the
x’s. The solution will yield a set of equations, the first of
which willbe of the form: y 1= g1 (X1,...,Xy). There willbe
“n” of these latter equations. This derived set of equa-
tions is called the reduced form of the structure,

Each of the reduced form equations explains the level
of one factor of development of an interchange (one of
the y’s) ata given time in terms of levels of the exogenous
variables (the x’s) alone. Further, the exogenous vari-

ables (x’s) are predetermined in the sense that they are
either fixed characteristics of the site and neighborhood
of the interchange or they are determined by influences
outside the structure. It follows that for a given inter-
change, the levels of the relevant x’s may be known and
used to predict the values of the y’s. In other words the
levels of development that may be expected to occur at
any given interchange may be estimated by means of the
reduced form equations. It follows from the above that
the estimates derived from the reduced form equations
may be interpreted as the “potential” for economic de-
velopment of the given interchange.

The two-stage least squares technique involves obtain-
ing the estimated values of the y’s from the reduced form
equations and substituting these estimates for the actual
y’s on the right hand side of the structural equations. The
y to the left of the equal sign is then regressed on the
estimated y’s and the relevant x’s. The first structural
equation in this way modified to the following form:
yi= 1 (§ 250,505 X1y Xpn)
where §, is the estimated value of y; obtained from the
estimated reduced form equation:
1= B (XtyroXrm)-

The estimates of the parameters of the structural
equations obtained by this technique are asymptotically
unbiased.

The importance of the structural equations may be
illustrated by their ability to estimate the marginal effect
on different types of development at an interchange
when the level of some other type of development has
been determined at alevel different from that predicted
by the reduced form equation. For example, the reduced
form equations may estimate the economic “potential”
of some particular interchange to be very small. How-
ever, if for any reason the site should be selected for a
large motel, this fact would change the ‘potential” of the
interchange and the structural equations could be used
to estimate the effect of this on the further development
of the interchange, e.g., the likely appearance of service
stations and restaurants.

By appropriate definitions the system of structural
equations may be represented by the following matrix
form:

YA= XB+ e

The solution of this system of equations would be:
Y= XBa 4+ eA™!

which may be written:

Y= XC+u

where C= BA™! and u= eA™!

The above solution is the matrix representation of the
“reduced”” form of the structure.

PRELIMINARY DATA ANALYSIS

Data describing traffic flow, economic activity, and
geographic and demographic characteristics for 144
non-urban Pennsylvania interchanges have been
collected annually by The Pennsylvania State Universi-
ty. The approach will be to use these data to design a
model for forecasting interchange development.

The analysis presented in this section is of a prelimi-
nary nature. The purpose of the analysis is to provide
insight for the construction of a specific structure of the
model for predicting economic growth at non-urban in-
terchange areas and to investigate whether the observed
relationships among selected variables are in agreement
with a priori considerations.

The data collected for each of the 144 interchanges in
the sample were analyzed by means of appropriate clas-
sifications as well as simple and multiple correlation
analysis. Some of the more important findings are pre-
sented here.

As afirst step in the analysis, the various types of new
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economic development observed at the interchanges
were classified as highway or non-highway oriented
commercial, industrial, residential, or public. New eco-
nomic developments were defined to be those develop-
ments that had taken place since the opening of the
interchange. The interchanges studied were divided into
two basic categories, ‘‘Complete access interchanges”,
which provided access to abutting lands along the cross
route from all directions and “Incomplete access inter-
changes,” which limited or totally prohibited access to
one or more quadrants of the interchange.

Interchange area land development and interchange
highway design are highly related. As the highway design
restricts access to adjacent land, the potential for certain
types of land development is sharply reduced.

For example, Table 1 shows the impact of the highway
design upon land use. Of all the interchanges where
access to adjoining land was limited, 44 percent of the

interchange sites had no new development from their
opening date to 1975. In contrast, only 4 percent of the
interchanges which provided for complete access to ad-
joining land failed to attract any new development. The
comparable figures for 1970 were 63 and 25 percent,
respectively.

Commercial development was the most commonform
of new development occurring at 91 percent of the com-
plete interchanges and 31 percent of the incomplete
access interchanges by 1975. Perhaps of greater signifi-
cance is the fact that 89 percent of the complete inter-
changes had highway oriented commercial develop-
ment, while only 6 percent of the incomplete access
interchanges had such development.

Some new industrial development occurred at 13 per-
cent of the complete interchanges and 0 percent of the
incomplete interchanges by 1970 while increasing to 25
and 6 percent, respectively by 1975. On a relative basis,

Table 1 - Types of new economic development and percentage of interchanges with each type

N= 128 N= 16
Complete Incomplete
Type Access Access
Interchanges Interchanges
%) Yo
1970% 1975%* 1970* 1975%*
NO NEW DEVELOPMENT 25 4 63 44
SOME NEW DEVELOPMENT 75 96 38 56
EXCLUDING RESIDENTIAL 73 94 38 50
COMMERCIAL DEVELOPMENT 70 91 31 31
HIGHWAY ORIENTED 67 89 12 6
NON-HIGHWAY ORIENTED 30 59 31 31
RESIDENTIAL DEVELOPMENT 19 35 6 19
SCATTERED 13 24 0 6
PLANNED 6 11 6 13
INDUSTRIAL DEVELOPMENT 13 25 0 6
PUBLIC DEVELOPMENT 9 13 13 25

* The ages of the interchanges in 1970 ranged from 1 to 15 years with an average age of 7.9 years for the complete and 8.0 for the incomplete access

interchanges.

** The ages of the interchangesin 1975 ranged from 6 to 20 years with an average age of 12.9 years for the complete and 13.0 for the incomplete access

interchanges.

Table 2 - Endogenous variables and their 1975 mean level of intensity per interchange,
standard deviation and range at the 128 complete non-urban interchanges

Standard

Endogenous Variable Mean Deviation Range
SERVICE STATION DEVELOPMENTS
Y Number of Stations 2.1 1.5 0to7
Y2 Number of Gas Pumps 13.5 11.4 0 to 54
RESTAURANT DEVELOPMENTS
Y3 Number of Restaurants 0.9 1.0 Oto5
Ya Number of Seats 154 270 0 to 1434
MOTEL DEVELOPMENTS
Ys Number of Motels 0.5 0.8 Oto4d
Ys Number of Rooms 38 79 0to 455
TOTAL HIGHWAY ORIENTED SERVICES
Y Highway Oriented Developments 3.8 3.2 Oto 16
NON-HIGHWAY ORIENTED DEVELOPMENT
Yz Public Developments 0.2 0.4 0to2
Ys Industrial Developments 0.5 1.1 0Oto 6
Yio  Other Commercial Establishments 1.6 2.5 0to 15
TOTAL NON-HIGHWAY ORIENTED DEVELOPMENT
Yn Non-Highway Developments 2.3 3.1 0to 18

(Sum of Yz, Ys, Yi0)
TOTAL DEVELOPMENT
Yi2 Highway and Non-Highway Oriented 6.1 5.0 0to 26

(Sum of Y7 and Y1)
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Table 3 - Exogenous variables and their 1975 mean level of intensity per interchange, standard deviation
and range at the 128 complete non-urban interchanges

Exogenous Variable Mean Standard Range
Deviation

X1 Average Daily Traffic Cross Route (vehicles) 3.366 2,596 133 to 13,304
X2 Average Daily Traffic Interstate (vehicles) 12,550 4,623 5,400 to 29,690
X3 Community Zoning 0.59 0.49 Oorl
Xa Age of Interchange (years) 13 4 6 to 20 years
Xs Distance to Nearest Urban Area (miles) 12.3 7.8 1 to 43 miles
Xe Population Density-Local Community 157 232 10 to 2,010
X7 Population Density Change — Local Community 24 69 —330 to 523
Xs Market Value of Real Estate

Pet Capita — Local Community $4,410 $3,710 $1,513 to $30,657
X9 Change in Market Value Per Sq. Mile —

Local Community (in 000’s of dollars) $423 $1,584 $-170 to $3,815
X0 County Population Density 228 153 25 to 734
Xn County Population Density Change 12 18 —~17 to 78
X1z . County Market Value of Real Estate

Per Sq. Mile (in 000’s of dollars) $890 $627 $73 to0 $2,977

public development occurred more frequently at the
incomplete than complete interchanges. This may be
due, in part, to the fact that highway oriented commer-
cial development which usually competes for land
around interchanges was not present to any appreciable
degree at the incomplete access interchanges.

Due to the small number of incomplete access inter-
changes and the vast differences between developments
at the complete and incomplete interchanges, further
preliminary analysis is limited to the 128 complete inter-
changes.

Table 2 gives an indication of the endogenous vari-
ables considered for inclusion in a forecasting model as
well as the average intensity and range indevelopment at
the 128 complete interchanges for year 1975.

Average total development (excluding residential)
was six establishments per interchange and ranged from
no development at a few of the interchanges to 26 units
at one of the interchanges. The average number of high-
way oriented establishments (e.g., service stations, res-
taurants, motels, truck garages) was 3.8 units, while
non-highway development such as industrial, public and
other commercial establishments averaged 2.3 units per
interchange.

As expected at the non-urban interchanges, gas sta-
tions were the most frequent form of new highway
oriented development followed by restaurants and mo-
tels, respectively. For the non-highway oriented catego-
ry, other commercial establishments such as those found
in small shopping centers were most common, followed
by industrial and public developments.

The exogenous variables considered for inclusion in
the model together with their mean, standard deviation
and range per interchange for the 128 complete inter-
changes are given in Table 3. The first two variables
consisted of average daily traffic (ADT) volumes on the
interstate highway and intersecting cross routes for the
year 1970. Traffic data were obtained from traffic log
books supplied by the Pennsylvania Department of
Transportation.

The population per square mile of the local township
or borough containing the interchange was also for the
year 1970 and is simply referred to as population density
— local community. In instances where more than one
township contained the interchange, the populations of
both townships were combined and an average density
figure was computed.

Population density data for the county containing the
interchange and all market value of real estate data were
also for the year 1970, while all changes in population
and market value from 1960 to 1970.

It should be noted that some of the variables that were

classified as exogenous in this particular study are often
classified as endogenous variables. For example, the pop-
ulation of an interchange community is usually of an
endogenous nature in that it affects the growth of the
community and is, in turn, affected by the growth that
takes place. Annual population data are not readily a-
vailable, hence, the population variables, being of a lagg-
vailable, hence, the population variables, being of a lag-
ged or predetermined nature, are classified as exogenous

Similarly, the volume of traffic on the crossroad at the
interchange will tend to influence the degree of deve-
lopment of service facilities such as gasoline stations,
restaurants and the like. Consequently, these develop-
ments will create additional traffic. However, variation
in the ADT will be related to the characteristics of a
much larger geographic area than the immediate neigh-
borhood of the interchange itself. The factors that de-
termine the character of the larger area are often domi-
nant in the explanation of the traffic flow. These factors
may not be included in, or related to the exogenous
variables explicit in the model, but they tend to describe
the peculiar characteristics of the interchange area. Since
variations in the ADT may largely be due to characteris-
tics peculiar to the various interchanges, the ADT can be
considered exogenous for it and serve as an aggregate
measure of the unique characteristics of the interchange
otherwise not included in the model.

It can also be noted that some of the endogenous
variables in Table 2 are different measures of the same
type of development. For example, service station deve-
lopment per interchange is measured by the actual num-
ber of gasoline stations and also by the number of gaso-
line pumps. In addition, service station development is
included in the number of highway oriented establish-
ments which is the sum of the numbers of gasoline sta-
tions, truck garages, restaurants, and motels at the inter-
change. Similarly, restaurants and motel development
are measured in different ways. These different meas-
ures can give rise to several different models.

Simple correlations for each of the 12 exogenous va-
riables with each of the 12 endogenous variables were
obtained in order to get a “‘feel for the data.” Table 4
shows the simple correlations with Y7 through Yi2.

As can be seen from Table 4, among all 12 exogenous
variables, ADT on the cross route correlated highest
with highway oriented development (.327) and total
development (.421), while population density change
and change in market value of real estate of the local
community had the two highest correlations with non-
highway oriented development (.446 and .459, respecti-
vely). These coefficients are all statistically significant at
the one percent level.
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Table 4 - Simple correlation coefficients for each of the 12 exogenous variables with each of the six
endogenous variables (Y7, Ys, Ys, Yio, Y11, Yiz), 1975 data level

Exogenous Variable

Endogenous Variable
Y- Ys Yy Yio Y Y2
Highway Other Non- Total
Oriented Public Industrial Commer- Highway Devel-

cial oriented opment

X1 Average Daily Traffic - Cross Route 327+ 172 253%x 204%x  348%*F  421**
X2 Average Daily Traffic — Interstate .016 .069 A453%%  340%F  443%% 282
X3 Community Zoning .101 —.006 .089 .075 091 .120
Xa Age of Interchange —.087 .060 .320%* 223 300%* 129
Xs Distance to Nearest Urban Area —.100 —.093 —.167 -210% 245 —211*
Xe Population Density — Local Community -.021 .061 297%*  (199* 273% 154
X1 Population Density Change — Local Community 047 .127 359 374%x 446 303
Xs Market Value of Real Estate Per Capita —

Local Community 070 -.021 024 .049 .046 .073
Xo Change in Market Value Per 8q. Mi. —

Local Community 081 .138 402%%  370%%  459%%  333%*
Xio County Population Density - 111 .079 313 128 224% .066
X1 County Population Density Change —.168 214% 174% 125 .189** 009
Xi2 County Market Value of Real Estate Per Sq. Mi. ~.083 105 344 .206* 301* 132

*  Coefficient is statistically significant at the 5% level.
*+ Coefficient is statistically significant at the 1% level.

It is also interesting to note that the age of interchange
had virtually no correlation with highway oriented deve-
lopment, but did correlate significantly with non-high-
way oriented development (.300). Perhaps this is ex-
plainable by the fact that the minimum age of the inter-
changes using the 1975 data is six years with much of the
highway oriented development occurring sooner and
more rapidly than the public, industrial and other com-~
mercial developments. If recently constructed inter-
changes had been part of the study, one normally would
have expected the age of the interchange to also corre-
late with highway oriented developments.

The highest and only significant correlation with pu-
blic development was county population density change.
Industrial development correlated significantly with 9 of
the 12 exogenous variables, the two highest of which
were average daily traffic on the interstate (.453) and
market value of real estate per capita of the local com-
munity (.402). Other significant variables included pop-
ulation density change - local community age of inter-
change, county market value and county population
density. Other commercial development was signifi-

cantly correlated with 8 of the 12 variables; the highest
correlation was with population density change in the
local community (.374). As expected, the only negative
correlation involved distance to the nearest urban cen-
ter. This coefficient, (—.210), was not very high but did
indicate an inverse relationship between the two varia-
bles and was statistically significant at the five percent
level.

Tables similar to Table 4 were also constructed for the
highway oriented endogenous variables Y1, Y2,...,Ye but
are not presented here for the sake of brevity. The results
closely followed those of Y7 (total highway oriented
development) with ADT on the cross route being the
most highly significant variable in each case.

For each endogenous variable in Table 4, the 12 sim-
ple correlation coefficients were ranked in order of mag-
nitude. The results are presented in Table 5. Some va-
riables ranked consistently high or low depending upon
whether highway orientated or non-highway oriented
development was considered (e.g. population density
change and market value per square mile of the local
community, community zoning, and county population
density).

Table 5 - The simple correlation coefficients in Table 4 ranked for each endogenous variable, 1975 data levels

Endogenous Variable

Exogenous Variable Y Ys Yo Yio Yiu Yi:
Highway Public Industrial Other Non- Total
Oriented Commercial  Highway Development
. Oriented

X1 Average Daily Traffic — Cross Route 1 2 8 4 4 1
X2 Average Daily Traffic — Interstate 12 8 1 3 3 4
X3 Community Zoning 4 12 11 11 11 9
X4 Age of Interchange 6 10 5 5 6 8
X5 Distance to Nearest Urban Area 5 6 10 6 8 5
Xs  Population Density — Local Community 11 9 7 8 7 6
X7 Population Density Change —

Local Community 10 4 3 1 2 3
Xs  Market Value of Real Estate Per

Capita — Local Community 9 11 12 12 12 10
Xs  Change in Market Value Per Sq. Mi. —

Local Community 8 3 .2 2 1 2
Xio  County Population Density 3 7 6 9 9 11
X1t County Population Density Change 2 1 9 10 10 12
Xi2  County Market Value of Real Estate

Per Sq. mi. - - 7 5 4 7 5 7
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Table 6 - Simple correlation coefficients for each of 3 exogenous variables with each of the 6 endogenous
variables 1970 and 1975 data levels

Endogenous Variable

Exogenous Variable
X1 X2 Xa

ADT-Cross ADT-Interstate Age of
route Interchange
1975 1970 1975 1970 1975 1970
Y7 Highway Oriented 33%* 25 .02 22%% -.09 40%*
Ys Public 17* .09 .07 .09 .06 .14
Yo Industrial 25%% A7 45 R J32%% 35%*
Yio Other Commercial 29%% 23%* 34%% 34%% 22% 33%*
Y Total Non-Highway 35%* 26%* 44x* 47 30%% 43%*
Yi2 Total Development Ky J1E= 28%* 40%* .13 L50**

* Coefficient is statistically significant at the 5% level.
** Coefficient is statistically significant at the 1% level.

A few variables ranked relatively consistent across all
categories of development (e.g. county market value of
real estate square mile, distance to the nearest urban
center, and market value per capita of the local commu-
nity). Still other variables such as ADT on the crossroute
and ADT on the interstate highway were less predicta-
ble. While it was not surprising to find that average daily
traffic on the crossroute correlated highest with highway
oriented development, it was somewhat unexpected to
find that average daily traffic on the interstate correlated
the least among the 12 exogenous variables.

In order to see the extent to which the simple correla-
tion coefficients and subsequent rankings would differ
over time, additional preliminary analysis was conducted
involving data levels for the year 1970. Remarkably,
most of the coefficients and rankings remained consis-
tent from 1970 to 1975, Three notable exceptions were
the age of interchange, ADT on the interstate, and ADT
on the cross route. Table 6 gives the simple correlations
of these exogenous variables with each of the 6 endoge-
nous variables (Y7 through Y12z) for 1970 and 1975 data
levels.

As can be seen from Table 6, all correlations with
average daily traffic on the cross route were lessin 1970
thanin 1975, This caused the rankings for this variable to
slip somewhat using 1970 data (see Table 7). The most
notable changes were a drop in rank from 1 to 2 in the
correlation with highway oriented development, and
from 1 to 4 when correlated with total development.

Average daily traffic on the interstate highway, on the
other hand, improved its position on both an absolute
and relative basis when compared to 1970 data. The
correlation of this variable with highway oriented deve-
lopment in 1970 was r = .22 as compared withr = .02 in
1975, thus moving from its rank of 12 in 1975 to arank
of 3 using 1970 data levels. It is interesting to note also

that when comparing the simple correlations between
the two ADT variables and total development Y2, the
coefficients in 1970 for the two variables are almost the
reverse of those in 1975.

These results suggest that the ADT on the interstate is
more significant in determining the level of development
around an interchange in its earlier stages, but that as an
interchange grows and matures, the ADT on the cross
route is a more significant factor in determining the
degree of economic development.

As can also be seen in Table 6 using the 1970 data
levels for the 128 complete interchanges, the age of the
interchange is significantly correlated with all endoge-
nous variables (except the one measuring public deve-
lopment).

Using the 1975 data levels at these same interchanges
resulted in a drop in all correlations, with total develop-
ment and highway oriented development showing very
little correlation. These results are also reflected in the
rankings shown in Table 7.

This suggests that for interchanges which have not
been opened for an extended period of time, the age of
the interchange might be an important factor in explain-
ing the degree of development. For older interchanges,
age becomes less important, expecially for explaining
highway oriented service development.

As anextstep in getting a *‘feel for the data” and to aid
in the construction of a forecasting model, a multiple
linear regression analysis was conducted by regressing
each endogenous variable against all 12 exogenous va-
riables. This was done for three different time periods or
data levels, 1970, 1973, and 1975, in order to see what
the resulting effect would be in the proportion of ex-
plained variations, number of statistically significant va-
riables, and regression coefficients.

Table 7 - Comparisons of the rankings of the simple correlation coefficients of the
three exogenous variables using 1970 and 1975 data levels

Endogenous Variable

Exogenous Variable
X1 X2 X4

ADT-Cross ADT-Interstate Age of

Route Interchange

1975 1970 1975 1970 1975 1970

Rank Rank Rank Rank Rank Rank
Y7 Highway Oriented 1 2 12 3 6 1
Ys Public 2 N 8 4 10 2
Yo Industrial 8 7 1 1 5 2
Yio Other Commercial 4 6 3 3 5 4
Yu Total Non-Highway 4 6 3 1 6 2
Y2 Total Development 1 4 4 2 8 1
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Table 8 - Statistical summary of 12 multiple linear regressions,
Y = f (X1, Xz,.., Xi2)i = 1, 2,..., 12 for 1970, 1973, 1975 data levels

Endogenous Variable

Proportion of Explained
Variance R2?

Number Statistically
Significant Variables**

1970 1973 1975 1970 1973 1975

SERVICE STATION DEVELOPMENTS
Y Number of Stations .220 202 212 5 5 8
Y: Number of Gas Pumps .200 .199 .204 9 4 9
RESTAURANT DEVELOPMENTS
Ys Number of Restaurants .284 158 153 8 6 5
Ya Number of Seats 351 231 191 8 9 7
MOTEL DEVELOPMENTS
Ys Number of Motels 221 231 225 6 5 5
Yo Number of Rooms 386 .269 245 7 4 5
TOTAL HIGHWAY ORIENTED SERVICES
Y7 Highway Oriented Developments .297 214 203 10 7 5
NON-HIGHWAY ORIENTED DEVELOPMENT
Ys Public Developments .097 .082 .093 3 2 2
Yo Industrial Developments 233 .230 .288 5 3 4
Yo Other Commercial Establishments 215 309 .260 4 9 10
TOTAL NON-HIGHWAY ORIENTED DEVELOPMENT
Yu Non-Highway Oriented Developments 301 .348 354 4 10 9

(sum of Ys, Yo, Yi0)
TOTAL DEVELOPMENT
Yi2 Non-Highway and Highway Oriented .356 287 262 7 6 6

(sum of Y7 and Yi1)

* Obtained from multiple linear regression of the respective endogenous variable on all 12 exogenous variables.

** 10% level of significance.

Some of the results are summarized in Table 8 which
gives each endogenous variable, the proportion of ex-
plained variation R?, and the number of statistically
significant variables when all 12 exogenous variables
were used in each linear equation. The results were not
especially encouraging since, in most cases, only 20 to 30
percent of the variations in the endogenous variables
could be explained by all the exogenous variables. The
lowest proportion of explained variation occurred with
public development. This had been somewhat anticipat-
ed on the basis of the simple correlation analysis.

For the 1973 and 1975 data levels, the number of
statistically exogenous variables in the multiple regres-
sions ranged from alow of two for public development to
a high of ten of the possible 12 for the non-highway
oriented (other) commercial establishments in 1975,
and total non-highway oriented development in 1973.
For the 1970 data, the range was a low of 3 for public
development to a high of 10 for highway oriented deve-
lopment. As can also be seen from Table 8, the propor-
tion of explained variation for total highway oriented
developments for the years 1970, 1973, and 1975 were
297, 214, and .203, respectively; the corresponding
figures for total non-highway oriented developments
were .301, .348, and .354.

Regression coefficients associated with the exogenous
variables are not presented here for the sake of brevity,
but for the most part, also varied in direct proportion to
the variation in degree of explained variation. That is, as
more variability occurred in the degree of explained
variation from 1970 to 1975, greater differences occur-
red among the corresponding regression coefficients.

These results suggested that if the current variables
were to be used in constructing a static growth model and
in estimating its structural parameters, great care would
have to be given to defining the population of interchan-
ges for which the model might be applicable, especially
with regard to age. Even so, it appears that such a model

would not yield very great predictive ability on the basis
of the explained variations in the preliminary ordinary
multiple regression analysis.

Hence, other attempts at obtaining a higher degree of
explained variation are being made before attempting to
specify an entire structural model. One of these attempts
involves the transformation of existing variables. For
example, actual distance to the nearest urban center may
have better been measured as the logarithm of distance
or as the square root of distance. These as well as other
logarithmic transformations of the variables are being.
conducted, along with the addition of some new varia-
bles.

Realizing the many pitfalls in arbitrary transforma-
tions of data and in using stepwise regression analysis to
find significant variables, a prime consideration in the
addition of a new variable or modification of existing
variables is that a logical theoretical basis be established
for such changes. In this regard, a new variable, which at
this preliminary stage has shown promise in significantly
increasing the proportion of explained variation, is popu-
lation of the nearest urban center divided by the distance
to the nearest urban center.

Another consideration, in the addition of new varia-
bles, is that either secondary data sources are readily
available for their measurement or primary data collec-
tion is relatively easy, as for example, in measuring dis-
tances to nearby urban centers.

Further refinements and analyses are still in progress;
hence, final results of the preliminary analysis cannot be
presented at this time. However, the work thus far is
encouraging and it is felt that a model can be developed
that will be usable by planners and highway designers.

SUMMARY AND CONCLUSIONS
This paper presents the results of an attempt to deve-
lop a method for forecasting the type and intensity of
economic development at non-urban interstate highway
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interchanges. Such information could be used by plan-
ners and highway designers to avoid premature obsole-
scence of highway facilities.

Some of the difficulties encountered in developing
such a model involve proper definition of the inter-
change area or “‘interchange community” and the “‘eco-
nomic growth” of the interchange community. Another
problem involves the identification and quantification of
certain factors that cause differences in the economic
growth of interchange communities.

Still another very practical and important considera-
tion is that the model be designed such that it can be
implemented easily using secondary data. Although a
model that requires an extensive primary data collection
effort may have greater predictability for a specific loca-
tion, it would have very limited general value.

The “interchange community”” was considered as that
area located within one-half mile of the interchange. The
“economic growth” of an interchange community was
considered to be determined by two types of factors

1) endogenous variables, i.e., those variables that
describe the state or levels of economic development for
the given community, and

2) exogenous variables, i.e., those variables that af-
fect the level of economic development of the inter-
change community but which are not, in general, affect-
ed by the growth that takes place.

A general theoretical simultaneous equation model is
discussed together with its assumptions and limitations.

In order to aid in the development of a particular
structure of the general model, a preliminary analysis
was conducted utilizing a sample of 144 non-urban in-
terchanges on Pennsylvania’s interstate highways. The
preliminary analysis involved classification of develop-
ments into various types and performing simple and
multiple linear correlation analyses. Twelve endogenous
and twelve exogenous variables were analyzed.

In particular the analysis revealed that the exogenous
variables differ in their influence over time as well as
across various types of economic developments. Data
levels for the years 1970, 1973, and 1975 were utilized in
a multiple linear regression to see how much fluctuation
would occur in the proportion of explained variations
and the regression coefficients over time. In some in-
stances, the results revealed strong differences between

(4

the earlier and later time periods.

Because of the low levels of explained variation, fur-
ther preliminary analyses involving transformation of
existing variables and creation of some new variables is
currently being conducted. Some preliminary analysis of
these further refinements have shown considerable im-
provement.

Once the refined static model has been tested empiri-
cally, it is hoped that for short run purposes, it may be
able to provide a ‘‘rough” approximation for forecasting
potential development. In the long run, however, a dy-
namic model, even a somewhat crude one, is probably
most appropriate. The complexity involved in designing
and determining the proper structure for such a dynamic
model will be greatly aided by the analysis conducted in
this on-going investigation.
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