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1970s. The results suggest that new highways may have substantial
effects on economic growth for small cities and the environs of large cities
but they have little or no effect on more isolated rural regions.
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Introduction

The idea that highways can stimulate economic growth in lagging and
rural regions has gained increasing currency among laymen and politicians over
the past few decades. Interest in the United States reached its peak during
the 1950s and 1960s when the Interstate Highway System program was launched
and several regional development programs were created around sizeable highway
investment projects (Munro, 1969; Rephann, 1993).l This interest resumed
during the 1980s and early 1990s, as states searched for new ways to make
themselves more competitive in the national and international marketplace by
employing "self improvement" strategies (Haider, 1986; Isserman, 1990).
Several states embarked on sizeable highway construction and rehabilitation
programs and deployed funds for assisting lagging and rural intra-state
regions (Siccardi, 1986; Johnson, 1989; Forkenbrock et al., 1990).

The premise underlying many of these programs is that rural and lagging
regions are underserved by highway infrastructure and that new highways can
contribute to rural economic growth and development. Yet, such claims have
often been greeted with skepticism in the academic community. Several
scholars have questioned the conceptual basis for the claim. For instance,
Richardson (1978) argues: "... interregional transportation facilities
certainly open up the periphery to the core, but they also open up the core to
the periphery." Others have argued that the empirical foundation for such
highway investment is inadequate. Straszheim (1972) writes "In no instance
has the case been convincingly made that feasible alterations in the
transportation system in the United States have the potential to markedly

affect regional development."



Occupying the middle ground in the debate are scholars who argue that
rural highways may stimulate economic development under specific conditions.
Two phrases appear with great frequency in the literature. Either highways
are said to be potential "catalysts" of economic development (e.g., Siccardi,
1986; Gillis, 1989), or they are characterized as "necessary but not
sufficient" for economic development (e.g., Ayers and Freiburg, 1976;
Huddleston and Pangotra, 1990; Sears, et al., 1990). However, this literature
is much too vague to offer much practical guidance in policy-making. It fails
to identify the kinds of ideal characteristics that make highways good rural
development tools. Nor does it suggest whether or not rural regions have a
plethora or paucity of such ideal characteristics.

The goal of this paper to shed some additional light on this issue. The
paper will explore the conditions under which highways stimulate economic
growth and development and the nature of this subsequent growth. A quasi-
experimental control group method is used to examine the effects of interstate
highways constructed in the 1960s and early 1970s for thirty carefully
selected primarily rural counties. The results generated from these county
studies will be used to evaluate hypotheses about the economic effects of
highways. Industry and timing hypotheses will be assessed, and
generalizations about the form and circumstances under which economic growth
diffuses over space will be developed.

The paper is divided into several parts. Section 1 consists of a review
of theoretical and empirical literatures. Section 2 examines the various
methods used to measure policy effects and argues in favor of control group
methods which impose less structure on policy measurement and yield more
robust results. Section 3 presents the quasi-experimental control group

research design that will be used in this paper. Section 4 describes how the



regions selected for study were obtained. Section 5 discusses the empirical

results. The paper ends with a summary and conclusion.

1. Literature Review

In assessing the economic effects of highway construction on a region,
it is useful to distinguish between construction stage and post-construction
stages. The nature of effect will differ between these two periods. In the
initial period, the primary stimulus comes from the highway construction
expenditures, while in latter periods this stimulus is largely removed, except
for government expenditures associated with administration, road maintenance,
and patrolling. In the latter period, it is the effect of highways on
mobility and locational advantages which provide the primary stimulus.

During the construction period, the magnitude of regional construction
impacts will be determined by the size of construction expenditures,
composition of construction expenditures (e.g., expenditures on labor
intensive civil engineering and demolition may be greater for regions with
greater topographical barriers such as waterways and mountains), magnitude of
displacement effects, and the degree of intra-regional and inter-regional
linkages. By examining the highway construction industry-specific multipliers
for the U.S. and West Virginia input-output tables, one can get an idea which
sectors would be stimulated the most.Z The effects on industries of one
dollar of increased highway spending are illustrated in figure 1 by division
level. These results indicate that primary sectors such as construction (CON)
and manufacturing (MFG) are stimulated most. Tertiary sectors such as
services (SVC), trade (TRD), finance, insurance, and real estate (FIR), and

transportation and public utilities (TPU) follow. Government (GVT), farming



(FAR), and agricultural services (AGS) are least affected. The large
disparity in the mining (MIN) effects may be related to differences in
construction material availability. In the West Virginia case, contractor
inputs may be provided by out-of-state suppliers. Such leakages may also help
explain part of the large divergence in import purchase between the United
States (0.01) and West Virginia (0.51). The degree of openness of a
particular region, as well as the magnitude and composition of final demand,
may result in substantial differences in highway construction impacts.

The post-construction stage is more difficult to analyze. The
construction stimulus is largely removed once the highway is completed.
Although there may be small effects associated with continued state
expenditures on maintenance and other highway services, the primary effects
will emanate from other influences. Changes in interregional trade patterns
caused by accessibility improvements and traffic diversion will affect
regional purchase coefficients. Technical coefficients may be affected
because of input substitution and economies and diseconomies of scale caused
by changes in input prices and production volume. Industrial relocations, new
firm formation, and firm closings will also modify these coefficients.
Finally, the demand for regional output may be affected by changes in market
areas for regional output.

Input-output models have been adapted for transportation analysis (Amano
and Fujita, 1970; Stevens, 1981; Liew and Liew, 1984 and 1985) by modelling
each of the components mentioned above. Technical and purchase coefficients
and final demand are endogenized by appealing to other regional economic
theories. However, input output theory, in itself, has little to offer for
analyzing the post-construction period. The remainder of this section will

examine theories that have greater relevance for analyzing such economic



effects. Two models are detailed which have been used by regional scientists
to help explain differences in economic growth: (1) location theory, which is
primarily a microeconomic equilibrium framework and (2) growth pole theory,
which relies on macroeconomic disequilibrium explanations.

Location theory suggests that regional growth or decline may be affected
by the locational decisions of new or existing firms or households.

Locational decisions are influenced by the availability and cost of inputs and
transportation costs. It is important to recognize the diversity of
locational theories because transportation changes may have different effects
in each model.> The most fundamental differences among these models are their
characterizations of the spatial distribution of consumers and producers.

Four spatial configurations of consumers and producers have been suggested
(Paelinck and Nijkamp, 1975): (1) concentrated consumers and concentrated
producers (Weber, 1929), (2) concentrated consumers and dispersed producers
(von Thinen, 1966), (3) dispersed consumers and concentrated producers
(Hoover, 1937; Losch, 1954), and (4) dispersed consumers and dispersed
producers (Christaller, 1950; Lésch, 1954).

Each of these spatial configurations has been useful in analyzing the
location of particular industries. The reason for this is that geographical
scales of locational decision-making (e.g., local versus national) and
reliance on fixed sources of natural resources vary from industry to industry.
Weber's model (Weber, 1929) is used to explain heavy industry location. von
Thiinen’s model (von Thinen, 1966) is associated with farm production and has
been applied by Alonso (1964) to explain residential decentralization.
Christaller’s central place model (Christaller, 1950) is most pertinent to
market based industrial production such as trade, services, and perishable

manufactured goods. Location allocation models used in public sector service



location decisions may be relevant for determining the location of state,
federal, and military facilities.

Another factor which will determine the effect of highway improvements
on industry location is the transportation mode relied upon by each industry.
Two points are pertinent. First, highways are used primarily to move smaller
finished goods and services rather than bulky goods and raw materials (Kraft
et al., 1971). Second, highways are used much more frequently for intra-
regional transportation than interregional transportation. Since heavy
manufacturing, mining, and farming depend on cheaper modes of input and output
transportation, it is less likely that new highways will matter much. The
upshot of this is that the influence of highways will likely occur in
industries that locate closer to final markets.

The second theory, growth-pole theory, suggests that the spatial
characteristics and timing of highway investment help determine its
stimulative effect. Urbanization and urban proximity are important
determinants of growth pole viability. The behavior of spatial development
may also change over time. 1In the initial period of an induced growth pole,
there should be a period of increasing polarization or "backwash" during which
industrial growth in the immediate hinterlands slows or decreases while the
growth in the center increases. Later, a period of "spread" will occur during
which growth spills over into the hinterlands. It has been suggested that
these effects require a span of twenty-five years or more to become evident
(Richardson, 1976).

Although the empirical literature is sometimes sketchy, support can be
found for the patterns of industrial and spatial effects suggested by both
each of these theories. The local effects of new highways are the best

documented. Interchange development related to traffic services accrues at



certain heavily travelled interchanges (Mason, 1973; Corsi, 1974; Epps and
Stafford, 1974; Twark et al., 1980; Moon, 1988). These interchanges have been
shown to develop higher order service and trade functions under certain
circumstances (Moon, 1988). Another effect of highways is to reorganize
region-wide central place functions. New highways appear to be reinforce
major urban areas along the route (Lichter and Fuguitt, 1980; Isserman et al.,
1989). Finally, there is evidence that highways assist population
decentralization in the vicinity of larger urban areas (Humphrey and Sell,
1975; Lichter and Fuguitt, 1980; Briggs, 1980). This phenomenon is indicative
of spread effects. However, a longer time frame may be needed to observe
substantial industrial development in the residential periphery.

The pattern of industrial effects is also similar to that suggested by
location theory. However, the results appear to be strongly conditioned by
spatial factors. Studies of aggregate manufacturing performance show that the
manufacturing impact varies by region. Studies focusing on counties with
urban areas find positive effects (Wheat, 1969; Stephanedes and Eagle, 1986;
Eagle and Stephanedes, 1988; Isserman et al., 1989), while studies of more
rural and non-metropolitan regions obtain much weaker results (Kuehn and West,
1971; Lichter and Fuguitt, 1980; Briggs, 1980; Stephanedes and Eagle, 1986;
Eagle and Stephanedes, 1988; Isserman et al., 1989). Services, trucking,
wholesale trade, and retail trade industries generally show much more
significant economic effects, however, once again, a spatial dimension to
growth is strong (Briggs, 1980; Lichter and Fuguitt, 1980; Isserman et al.,
1989). No studies evaluated the effects of highways on other industries such
as farming, government, and other industries in the Standard Industrial

Classification system.



From this literature review, several specific inferences can be made
about the likely economic development effects of new highways. During the
construction stage, the strength of economic impacts depends on the extent of
intra-regional and interregional linkages, size of local construction
expenditures, composition of construction expenditures, and magnitude of
displacement effects. If the input-output linkages are similar to those of
the United States as a whole, the construction, manufacturing, and mining
sectors should be stimulated the most followed by the retail trade and service
sectors. For most regions, however, construction stage impacts will be less
important than the post-construction effects because of the longer duration of
the latter period.

During the post-construction period, the primary economic development
effect of highways should be through residential and industrial location
decisions. The most likely industries to be affected are services, trucking,
retail trade, and wholesale trade which are highly sensitive to changes in
personal mobility and manufacturing which is less so. Another significant
effect of new highways is the urbanization and spatial context of a region.
Urban areas are better situated to take advantage of service and product
market expansion because of their centralized locations and greater
agglomeration potential. At the same time that centralization of industries
occurs due to increasing scale economies and the expansion of market
boundaries, residential decentralization from the urban core will be
encouraged by the easier accessibility to urban job sites. The likely losers
in this process are highway and non-highway hinterland areas. Growth may be
diverted from these more rural areas to certain competitive nodes along a new

highway route.



2. Regional Policy Measurement

In order to measure the effects of policies on regional growth, a method
must control for extraneous factors that might affect regional growth. Three
basic control methodologies are available for these purposes: (1)
experimental, (2) quasi-experimental, and (3) non-experimental methods
(Bartels et al., 1982). Assume, for the purposes of illustration, that a
particular treatment will be administered to several individuals in a
population. Experimental methods control for non-treatment influences by
randomly assigning individuals to policy treated and untreated groups. The
difference is the performances of the two groups is attributed to the
treatment. This method is commonly employed in laboratory research, where it
is relatively easy to construct random control groups. Quasi-experimental
methods are used when laboratory conditions are logistically difficult to
duplicate. This research design attempts to reconstruct experimental
conditions by controlling for non-treatment influences after a treatment has
already been administered to non-randomly selected individuals. Non-
experimental methods (such as before-after studies) make little or no effort
to control for non-treatment factors and attribute any residual to the
treatment. Because of the enormous expense of experimental methods and the
poor effort to control for other factors by non-experimental methods, quasi-
experimental research designs are the method of choice in regional policy
analysis.

Two main quasi-experimental methods can be distinguished: (1)
statistical regression and (2) non-regression methods. Regression methods
have enjoyed considerable prestige because they rest on a carefully developed

foundation of statistical theory. The statistical properties of estimators
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under certain assumptions have been carefully and painstakingly developed. In
addition, the econometrics literature provides diagnostic tests which can be
used to evaluate and improve the quality of model structure and controls.
Unfortunately, econometric methods require good models and data, exactly the
things which are lacking in most regional policy measurement research
Substantial disagreement exists regarding such issues as the determinants of
regional growth, model functional form, variable endogeneity, and variable
measurement to mention just a few (Bartels et al., 1982; Nicol, 1982).

Non-regression methods are often used as quick-and-dirty alternatives to
regression. Examples of these methods are: (1) trend projection, (2) shift-
share, and (3) control groups. Trend projection methods project the past
growth experience of a region into the future as the baseline for assessing
policy effects. The shift-share method relies on a larger region, such as the
nation, as the benchmark for comparison. Control group methods, which are
used in the empirical work conducted here, select regions for comparison
which, except for policy application, are similar in important respects to a
study region.

Traditionally, there have been three major problems with control group
methods vis-a-vis regression analysis. Unlike regression, the properties of
impact estimates cannot be judged. In addition, the ability to gauge the
effects of individual non-policy variables is lost. In practice, control
group methods have not offered diagnostic tools like those available to users
of regression methods. Partly as a result, it is not unusual for researchers
to select control groups for comparison purposes that reflect different
spatial characteristics, industrial structure, or level of development or

control groups that are economically linked with the treatment group.4
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Nonetheless, recent research demonstrates that control group methods can
offer distinct advantages in certain contexts. Beaumont et al. (1990) and
Bohm and Lind (1993) argue that the method is more robust to misspecifications
in parametric assumptions and functional forms than regression methods and
provides a way of compensating for data measurement errors and model
inadequacies. Less structure is imposed on the policy measurement, and less
information is obtained. However, this may be desirable when regional
policies display "an often alarming degree of sensitivity, particularly to
features of the operationalization of a give approach" (Nicol, 1982). The
quasi-experimental control group method introduced in the following section
builds upon this advantage by employing control group selection and screening
techniques that result in better control groups and constructing tests of

statistical significance that can be used to test for policy impacts.

3. Quasi-experimental Control Group Method

The quasi-experimental design used here (see Isserman and Merrifield,
1982; Isserman and Merrifield, 1987; Isserman and Beaumont, 1989; Isserman,
1991 for earlier versions of this method) may be thought of as a multivariate
version of the nonequivalent untreated control group design and the
interrupted time-series design identified by Campbell and Stanley (1963). The
method of constructing the without-treatment baseline adopts the former
design. The practice of dividing the period into multiple periods adopts the
latter design. The method is multivariate in the sense that it can
simultaneously examine a profile of behavioral variables rather than just one

behavioral variable.
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The method compares regions which receive an interstate highway5

treatment to a control group of similar regions without highways. The
procedure consists of several stages. First, a control group is selected for
the treatment region on the basis of selection variables. This selection
occurs during the calibration period. Next, a pre-test is conducted during
which growth rates for the treatment region and control group are compared.
Although calibration and pre-test occur before the onset of the administering
of the treatment, they do not overlap in order to assure statistical
independence. If the pre-test is failed, an inadequate control group might
have been selected, and, under certain conditions, a new control group should
be selected. If a pre-test is passed, then a post-test is conducted during
the treatment period to determine if there are statistically significant
differences in the growth rates for treatment region and control group. Any
statistically significant differences during the treatment period are

attributed to the policy effect.

3.1 Control Group Selection.

This procedure identifies regions that are similar to the treated region
as measured by certain important economic variables during some designated
pre-treatment period. These variables are of three types. The first is
variables like those included as regressors in a regression analysis
framework. For instance, independent variables that determine regional growth
and factors which influence a region’'s likelihood of being administered a
policy may be included (to protect against self-selection bias).6 The second

type of variable is the policy variable, in this study the presence of an
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interstate highway. The third type refers to properties of the data that
would hinder the ability to conduct statistical tests.

The selection variables are used in two ways: (1) sequential caliper
matching and (2) nearest available matching (Beaumont et al., 1990). A
sequential caliper discards control candidates that do not meet certain
absolute criteria. Calipers are defined by control variables X(1),...,X(p)
and their corresponding tolerance levels e(l),...,e(p). In order to be
included as a control candidate, the values of all variables for a region must
fall within the intervals designated by the researcher. Nearest available
matching, which uses a distance metric, is a less rigid way of administering
variable controls. A distance metric reduces vectors of characteristics to a
single continuous measure of control group fit and allows distance lost on one
variable to be traded-off for better fit on another variable. The size of the
control group is determined by choosing a global tolerance level e¢. In this

study, distance is computed using the Mahalanobis metric./ This metric is

defined as follows:
_ Tw-1
(3.1.a) d(XT1,X3) = (X7 - X;)°2 "X - Xp)

where X1 is the vector of selection variables for the treatment region, Xj is
the vector of selection variables for a control group candidate, and % is the
sample variance-covariance matrix for all control region candidates. The
Mahalanobis metric implicitly scales and weights the variables by a factor
determined from the variability of data. For instance, if a variable has high
variance, ceteris paribus, the variable will contribute less to the
dissimilarity between the treatment region and a control candidate than if the
variable has low variance. The Mahalanobis metric is "forgiving" on those

high-variance dimensions for which it is difficult to find close observations.
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The procedure used to select control counties® here uses both sequential
caliper matching and nearest available matching. Three calipers were applied
to remove inappropriate counties. One caliper eliminated counties that were
missing data for important variables that were used in nearest available
matching. A "spatial independence" caliper eliminated counties which were
within 60 miles of the treatment county because of the possibility of
contamination by the highway treated county. Finally, a policy treatment
caliper was applied which discarded all counties that contained interstate
highways. This final caliper eliminates 1,360 (out of 3,140) county control
candidates.

Counties which were not removed by the three calipers are then admitted
to the next stage: the Mahalanobis metric calculation. A Mahalanobis metric
containing covariates listed in table 1.7 is calculated for each of the
remaining counties. These covariates are a subset of a more extensive list of
regional growth determinants obtained from the regional growth theory
literature (Borts and Stein, 1964; Richardson, 1973; von Boventer, 1975;
Miernyk, 1979).

From this list, the 40 counties that are most similar to the treatment
county (i.e., had the lowest Mahalanobis metric values) are selected for the
control group. The choice of forty regions falls within the range of control
group sizes used in previous studies and is large enough to provide some
protection from erratic behavior in the control group and to permit
statistical testing. Furthermore, forty regions will not normally allow
regions into the control group which are too dissimilar to the treatment

region.
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3.2 Statistical Testing

Once the control group is selected, statistical testing is performed for
pre-tests and post-tests. The distributions formed by the growth rates of the
control counties provide a way of statistically testing. Assuming that the
distribution from which the rates came is unknown, the probability that a
random observation from the control group distribution would be different from
the observed growth rate can be determined by performing a non-parametric rank
test (Isserman and Beaumont, 1989).10 This test gets its name from the fact
that observed values are ranked. Statistical significance is determined by
the frequency of control regions with faster growth rates (when positive
effects are tested) and slower growth rates (when negative effects are tested)
than the treatment region. A two-tailed test of statistical significance is
conducted by observing if the calculated p value is unusually high or low
(i.e., if a is the significance level, comparing the p value to the confidence
region [a/2, l-a/2]).11 For this paper, a two tailed test is used with a
significance level of a=.20.

Since twenty growth rates are used to measure the behavior of the
treatment and control counties (see table 2), a multivariate test is needed.
Under normal circumstances, statistical significant differences should not be
observed for all twenty growth rates. The expected number of pretest
differences for twenty categories can be obtained by considering the formula
for the probability of obtaining X successes in n trials with trial success
probability q(=1-p) using the binomial distribution. The expected number of
differences is simply nxq= 20x(.20)=4. However, five or fewer pretest

12

differences will be obtained with a probability of 80%. Any greater number

of growth rate differences would occur with less than 10% probability. Using
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a one tailed significance level of 10%, such outcomes indicate that the
treatment and control group are significantly divergent and are cause for
concern.

The statistical test outlined above makes several simplifying
assumptions about the growth rates. It assumes that growth rates are
distributed independently over time and independent of one another. These
assumptions may sometimes be violated because of nonstationarity, economic
linkages, and the use of composite categories. Nevertheless, the test
statistic will still be acceptable. Although substantial correlation will
result in a biased test, this bias is in favor of rejecting the null
hypothesis that the treatment region is the same as the control group.
Statistically significant differences for one variable will be amplified by
affecting other variables which are related to it and give an exaggerated
picture of the real difference. This kind of more exacting test (termed
"conservative" in the statistical literature) is acceptable because it errs on
the safe side.

If this test is passed then the argument that the control group is
appropriate gains support. If it is not passed, then several additional
actions may be taken. A failed pre-test may indicate that the start of the
post-impact period has been incorrectly identified. 1In this instance, the
calibration and pretest period can be moved backwards in time and the
procedure can be repeated. Another response to pre-test failure is to change
the size or composition of the control group by tightening tolerance levels.
When pre-tests show a pattern of repeated failure, it may be necessary to
change the selection variables by finding a better set of regional growth
determinants and repeat the control group selection procedure. A final option

is to discard the troublesome treatment study. This latter action will be
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taken in this paper because the selection variables have performed reasonably

well in different applications.

3.3. Impact calculation.

The economic impacts of the highway treatment are calculated by
subtracting the median growth rate of the control counties from the growth

rate of the treated county. This growth rate differential is multiplied by

13

the pre-treatment base level to yield the impact. The precise equation for

an impact in year t is as follows:

(3.3.a) Ijt = (RTjt - cht) X Yij
where:

is the estimated impact

is the growth rate of the behavioral wvariable measured
from b

is a behavioral variable

is variable j (j = 1,...,1)

is the treatment region

is the median control group region
is the impact year

is the base year

5

Tt 0BG

A proportional impact (PI) in year t is calculated by dividing the impact by
the treatment region’'s level of the behavioral variable in year t:

(3.3.b) Plje = (RTjt - cht) X (Yij/YTjt)

The growth rate of the control group is measured by the median region growth
rate because the median is relatively insensitive to extreme outliers. In
addition, it is consistent with the use of a distribution-free statistical

test discussed in the previous section.
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4. Choosing the Study Counties.

The study counties were selected from among 1,360 counties which had
interstate highway mileage as of 1987. The study was restricted to
interstates because they are built to higher engineering standards and
accommodate higher traffic volumes than non-interstate routes. Moreover,
extending the treatment caliper to eliminate counties with any type of multi-
lane highway could severely restrict the control group reservoir. Holding all
other factors constant, larger economic effects should be obtained for
interstates than qualitatively poorer highway classes because of their greater
capacities and larger traffic wvolumes.

Counties with interstate highways had to meet several additional
criteria in order to become eligible for further study. Highway construction
characteristics and income data limitations were the most important factors in
selecting study counties. The interstate highway program began in 1956 and
most of the mileage was open to traffic during the 1960s (see figure 2).
However, annual BEA income data are spotty during the early years of the
program and do not become continuous until 1965. The dual goals of maximizing
the variety of treated counties and avoiding data gaps were accomplished by
selected 1963 as the base impact year. This choice means that the period
1950-59 is used for control group calibration and 1959-62 is used for the
period of the pre-test. An additional limit was imposed on the construction
state in order to have enough treatment period years to make inferences about
post-construction effects. Therefore, construction began and ended in all
study counties during the period 1963-75.

Several additional restrictions were imposed on the sample. First,

study counties were screened to make sure that they contained substantial
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interstate highway treatments. Treatment counties had to have at least nine
miles of interstate highway, and an road atlas was inspected to make sure that
the links had at least one interstate exit in order to screen out counties
that offered no opportunity for interchange development. Second, counties
with more than four income categories suppressed for the year 1959 were
dropped in order to avoid situations in which an excessive amount of post-test
suppression interferes with the ability to make post-test inferences. Third,
study counties were required to have highway construction begin before 1967.
This condition was imposed in order to better coordinate the start-off years
for study counties. Fourth, study counties were not permitted to contain non-
interstate multi-lane highways that spanned a distance equal to more than half
of the county width or length. This step was taken in order to reduce the
possibility of other highway construction and highway opening occurring during
the treatment period, which would interfere with measurement of the interstate
highway effects. Finally, at least one county was admitted from all states
which cleared the earlier restrictions, but no more than two counties were
admitted from any one state. This last condition was imposed in order to cut
the sample of treatment counties to a manageable size and still retain some
geographical diversity. These counties and their spatial and economic

characteristics are described in table 3.

5. Analysis of Results.

5.1 Control Group Characteristics.

As expected, the selection procedure results in control groups with

economic, spatial, and demographic circumstances that are similar to the
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treatment counties. This point is emphasized by comparing representative
counties from the thirty county sample. Table 4 shows the values of selected
variables for four counties located in different parts of the country (Morgan,
GA:; Pike, PA; Lincoln, WA; and La Crosse, WI), the median values of the
corresponding control groups, and the values for the United States. The
control group selection procedure results in a control group of primarily
suburban counties for Morgan, GA, relatively diversified rural counties for
Pike, PA, rural farming counties for Lincoln, WA, and more urbanized counties
with manufacturing industrial bases for La Crosse, WI. The control groups
also have comparable growth experiences and levels of economic development.
All four counties are relatively slow growing and less developed than the U.S.
and are matched with counties which have similar slow growth patterns and
lower levels of economic development. Because of these similar circumstances,
the control groups provide a more logical benchmark for assessing the economic
effects of a policy treatment than using the U.S. or random groups of
counties.]‘4
The selected control groups also exhibit regional characteristics that
are often markedly similar to the treatment county. For instance, figure 3
shows that the control counties chosen for Morgan, GA, exhibit a southern
spatial pattern; the control counties for Lincoln, WA, cluster in the west-
mid-west; and the control counties for La Crosse, WI, show a midwestern
pattern. The control groups do not always cluster in the region of the
treatment county, however. The control groups for northeastern treatment
counties (as illustrated by Pike, PA) are more dispersed than the other
treatment groups. This result may have been caused by the interstate and

spatial independence calipers. The Northeast has a much higher interstate
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highway density, and the spatial independence caliper removes a larger number

of smaller nearby counties from the control reservoir.

5.2 Pre-test Results

Pre-test results are shown in columns labeled 1 in table 5 for each of
the thirty treated counties. The number shown is a proportional impact.
Underlining indicates statistically significant differences between the
treatment county and its control group. As explained earlier, global
significance is determined by counting the number of growth rate differences
during the pre-test period. The eight counties which fail the global pre-test
are listed at the bottom of table 5 and include: Glenn, CA (seven statistical
differences out of twenty); Iroquois, IL (six out of eighteen); Keith, NB (six
out of eighteen); Pike, PA (ten out of nineteen); Hanson, SD (nine out of
seventeen); Leon, TX (seven of twenty); Goochland, VA (six of eighteen); and
Marion, WV (eight of nineteen). These counties are excluded from further
study.

Global pre-test failing counties had few things in common. Five of the
counties grow faster than their respective control groups during the pre-test
period, while three significantly lag. Construction growth appears to
contribute to the pre-test statistical difference for Glenn, CA, Keith, NB,
and Goochland, VA. These increases may indicate the onset of early highway
construction or construction in anticipation of the new highway. Exogenous
effects on other sectors contributed to the poor pre-tests of Leon, TX
(farming), Marion, WV (mining), and Pike, PA (transportation and public
utilities). Their pre-test failures can be attributed to factors which are

difficult to control for using only selection period information.
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5.3 Construction Stage Effects.

During the construction period, large construction expenditures are
expected to have demonstrable effects on construction earnings. The results
in table 6 do not support this hypothesis. Only seven counties show
statistically significant construction impacts during the construction period
(Morgan, GA; Jasper, IN; Henderson, NC; Crawford, PA; Dillon, SC; Shenandoah,
VA; Lincoln, WA). An additional three counties show percentage impacts that
exceed twenty percent of construction income during the construction period
but are not statistically significant (Jerome, ID; Rowan, KY; Chisago, MN).
Three counties exhibit statistically significant negative impacts (Conway, AR;
Bond, IL; Henry, KY), indicating, perhaps, that highway construction
interferes with other county construction or that unrelated events (such as
the relocation of a county construction firm) sometimes overwhelm the
expansionary effect of highway construction.

The failure to find substantial positive construction impacts can be
attributed to factors other than methodological deficiencies. First, the
effects of the construction expenditures stimulus can be diluted because of
the often long periods required for highway construction. Highway
construction is often a long and drawn out process that spans stages such as
surveying, grading, paving, erosion control, and landscaping. Second,
although highway construction physically occurs in the case study county,
disbursements might not appear in treatment county construction earnings
because of accounting methods used by the Bureau of Economic Analysis.

Construction earnings are allocated to the counties where a contractor

maintains a permanent headquarters or branch rather than temporary field
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offices where the construction occurs. Most heavy highway construction firms
are headquartered in metropolitan areas rather than the more rural counties
represented in the thirty county sample.

Construction disbursements should be reallocated to the treatment county
through residence adjustment. Theoretically, workers in the highway county
should be counted as commuters to the permanent branch office or headquarters
of the construction firm outside of the county. The residential adjustment
impact results do not support this explanation. A statistically significant
increased inflow of commuters’ income occurs for only four counties (Morgan,
GA; Livingston, LA; Arenac, MI; Dillon, SC). This finding, absent of such
effects in the other eighteen counties, may be attributed to the crude methods
used to estimate interregional labor flows. Residential adjustment may not
reflect construction effects because it is calculated based on decennial
census journey-to-work data. As a result, if the firm is not headquartered or
located in places with journey-to-work flows from the census, the construction
payments will not be considered at all.

Since highway expenditures affect the county through the multiplier
effects of disbursements on labor and materials, positive effects on backward
linked industries might be anticipated. When input-output tables were
examined in chapter three, manufacturing, services, and trade industries
showed the highest multiplier effects from highway construction. These
industries revealed few positive effects for industry earnings. Only two
counties experience positive and statistically significant manufacturing
impacts during the construction period (Arenac, MI; Dickson, TN). This result
compares to three counties with statistically significant negative impacts
during the same period (Jerome, ID; Rowan, KY; Dillon, SC). Positive and

statistically significant impacts are obtained for seven counties for retail
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trade‘(Santa Rosa; FL; Morgan, GA; Rowan, KY; Livingston, LA; Arenac, MI;
Henderson, NGC; Dillon, SC) and five counties for services (Santa Rosa, FL;
Rowan, KY; Arenac, MI; Henderson, NC; Shenandoah, VA).

Data deficiencies are a less plausible explanation for these
discrepancies since firm mobility is less prevalent. More likely these
results reflect the relative weakness of the highway construction stimulus and
considerable interregional leakages. If the construction expenditures, even
after incorporating backward linkages, are small in comparison to the size of
existing industry earnings, the overall effects may be inconsequential. The
effect may also be down-scaled by the presence of substantial leakages caused
by industries acquiring material and labor inputs from outside the county and
workers spending their earnings in larger, more urban counties along the

route.
5.4 Post-Construction Stage Effects.

The post-test results in table 5 show that new highways, taken as a
whole, are more likely to have positive impacts on county earnings and
population than negative impacts. These results exhibit strong industrial and
spatial variation. Industry earnings and other forms of income are often
stimulated. The stimulated industries include those frequently identified by
the empirical literature (e.g., retail trade and services) and those which
have received little prior attention (e.g., government) as well as income
categories such as residential adjustment, transfer payments and dividends,
interest, and rent. The income and earnings results also show a strong

spatial dimension.
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These results imply that the competitive position of highway counties
vis-a-vis non-highway counties is enhanced in the provision of local services.
This story is incomplete, however, because new highways appear to do more than
merely rearrange economic activity in favor of interstate highway corridors.
They also disrupt and rearrange the regional constellation of economic
activities along the interstate highway. The most important determinant of
the economic impact of a new highway along the route appears to be its
position with respect to urbanization. Because of the increased advantages of
centralized location and agglomeration economies, new highways result in
growth being diverted to certain points along the route. Some of this effect
comes at the expense of less competitive counties in the rural periphery.
Nodes along new highways may find their positions enhanced while other regions
witness the atrophy of local markets.

Spatial characteristics appear to be the most important factors in the
disparate performances of highway sensitive industries, but the effects are
somewhat diffuse. While urban regions, with their centralized locations and
agglomeration advantages, are often at a decided competitive advantage in
those industries which appear to be most affected by new highways, residential
decentralization counteracts this effect to some extent. Since new highways
decrease the costs of commuting to city jobs, urban workers increasingly seek
out rural amenities. The result of this process is increasing diffusion of
population and service industries to the rural hinterlands combined with
increasing concentration of economic activities and population within urban
commuting sheds. Because of these conflicting impulses, some industries
rotate up the urban hierarchy, while other industries rotate downward.

The smallest highway effects are evident in sectors with export

orientations. Mining, construction, wholesale trade, and manufacturing



26

approximately fit within this category. The anemic results for these
industries may be attributed to the fact that goods are transported rather
than people. Although much of the good transport for these industries is
conducted by highways (except mining), the expense saving does not appear to
appreciably affect industry expansion. These results are not conditioned by
spatial or regional characteristics in any obvious way.

The surprising exception to this generalization is the farming sector.
Like mining, farming is heavily constrained by natural resource locations and
relies on long-haul modes of market transportation. These conditions would
appear to make farming relatively insensitive to improvements in highway
transport. The finding that six counties experience positive and
statistically significant farming impacts appears to contradict this
hypothesis. However, there may be other explanations for this result. Most
of the positive and statistically significant impacts obtained here are
ephemeral, rarely lasting more than a few years. This volatility may reflect
a failure to adequately control for factors which affect farm income growth,
such as the type of farming industry (e.g., grain, livestock, vegetable and
fruits).

Tertiary sectors show more definitive positive effects. The conspicuous
feature of these industries is the face-to-face consumer-producer interaction
which requires people transportation rather than goods transportation. This
characteristic guarantees that these industries primarily serve local markets
and highway commuters and that they are constrained by existing settlement
patterns. The spatial proximity of urban areas appears to play an important
role in the development of both services and retail trade. Counties with
small cities (e.g., Eau Claire, WI; La Crosse, WI) and counties in close

proximity to larger cities (e.g., Morgan, GA; Henry, KY; Livingston, LA;
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Chisago, MN) show positive impacts more often than isolated rural counties
(e.g., Jasper, MS; Washington, OH; Crawford, PA; Lincoln, WA).

Public services exhibit a similar pattern. The government sector is
made up of industries which serve local and export markets. However, people
transport is an important factor in public facility location. Many government
functions (e.g., schools, public transportation, hospitals) are located in
order to minimize the costs of providing public services. Two patterns in
government effects are evident here. First, a greater consolidation of
government earnings in centralized locations occur, as indicated by the large
positive impacts experienced by the urban hubs of Eau Claire, WI, and La
Crosse, WI. Second, public services follow population movements. When people
move to the suburbs, certain government functions follow (most evident in
positive state and local government impacts). The least competitive counties
in attracting additional government activity are the four isolated rural areas
noted in the previous paragraph. They experience no population influx.

The results obtained for the remaining income categories can be
interpreted as both causes of and responses to the spatial reordering process
described above. Migration to the suburbs and loss of competitive position in
more remote and less competitive regions have predictable effects on
population, dividends, interest, and rent, and transfer payments.

When counties in close proximity to larger cities experience population
impacts combined with positive transfer payments, dividends, interest, and
rent, and residential adjustment impacts (Santa Rosa, FL; Morgan, GA; Henry,
KY; Rowan, KY; Livingston, LA; Arenac, MI), these outcomes probably reflect
the development of bedroom communities. Income effects give clues about the
demographic characteristics of the new inmigrants. Dividends, interest, and

rent impacts may reflect residential affluence. Transfer payments impacts may
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indicate a more aged population or the inmigration of older residents because
the bulk of the transfer payments category consists of retirement and medical
payments. Positive residential adjustment effects may indicate that many of
the new inmigrants commute to jobs in the nearby city.

When population effects occur in more isolated areas, recreational or
retirement related impacts may be occurring. The impact profile of a
recreational or retirement county would be slightly different from a bedroom
community county. Positive population, dividends, interest, and rent, and
transfer income effects would occur, but positive residential adjustment
impacts may be absent since the new residents would not be employed. The
presence of an interstate highway would enhance retirement locations for
several reasons. First, areas in close proximity to highways have much easier
residential access, which may be important to elderly drivers. Second, the
time required to reach health services is frequently reduced by new highways
(Gamble and Davinroy, 1978, 10). The interstate highway may improve the
quality of emergency health services and social and public services such as
fire and police protection, recreation, and drive-in businesses, such as
restaurants, banks, and churches, which make an attractive amenity package for
elderly inmigrants (Gamble and Davinroy, 1978, 11).

Some counties experience no population influxes and are left at a
competitive disadvantage by their comparative isolation and lack of
significant urbanization. This competitive displacement may also be reflected
in income and population impacts. Basically three options are available to
those displaced by the spatial reorganization of industry: (1) move away, (2)
maintain the existing domicile and find employment outside the county, or (3)
rely on government transfer payments. If (1) occurs then it would be

reflected by a negative impact on county population (Jasper, MS; Dillon, SC;
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Crawford, PA; Lincoln, WA). 1If either (2) or (3) occurred, a positive impact
on residential adjustment (Bond, IL; Jasper, MS; Dillon, SC) or transfer
payments (Crawford, PA; Lincoln, WA) would be observed.

These results suggest that a regional taxonomy based on spatial factors
can be distinguished. Several categories are outlined here, ranging from
highly urbanized counties to remote rural counties. Counties which are
difficult to classify based on spatial characteristics are lumped together
under the subtitle "anomalous cases." Table 7 gives a brief description of
the spatial characteristics and corresponding post-construction behavior of
each of these categories.

The first category is rural counties in close proximity to large cities
(generally cities of more than 100,000 population, but possibly smaller
depending on the distance to the city or the number of cities nearby) and
directly connected to the city by an interstate highway. Nine study counties,
more or less, fit this profile (Santa Rosa, FL; Morgan, GA; Jasper, IN; Henry,
KY; Livingston, LA; Arenac, MI; Chisago, MN; Henderson, NC; Dickson, TN). The
primary effect of the new highway is to encourage residential and industrial
decentralization from a metropolitan core along the interstate corridor (see
figure 4.a). Normally, population will decentralize first. Positive
residential adjustment impacts are observed as the new residents commute to
jobs located in the city. The population decentralization is followed by
positive impacts in tertiary industries which provide services for the
expanding population.

The second category is rural counties which are fairly isolated from
large cities but which are in close proximity to counties with smaller
competitive urban hubs. Five counties exhibit an uncompetitive impact pattern

(Bond, IL; Jasper, MS; Crawford, PA; Dillon, SC; Lincoln, WA). The definition
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of a competitive hub will vary depending on the spatial isolation of the study
county and its relative urbanization. Such hubs will not normally be sizeable
enough to decentralize beyond the core county as a result of the new highway.
Instead, the new link will contribute to the atrophy of local markets for
tertiary industries in the nearby isolated counties. The competitive hub
will, in effect, usurp the markets in these industries. The neighboring
counties lose earnings in industries such as retail trade, services, and
government services, which are sensitive to highway location (see figure 5.Db).
Negative population impacts may also occur as a result of employment losses in
these negatively affected sectors. Finally, remaining residents may be
induced to commute out of the county for employment or increasingly rely on
transfer payments.

The third category is counties with competitive urban hubs. These
counties may contain large or small cities. Two counties show competitive
qualities (Eau Claire, WI; La Crosse, WI). They are placed in a superior
competitive position for the supply and delivery of tertiary industry services
as a result of the new highway link. These counties will experience positive
impacts in service related industries and may realize broader industrial
impacts as a result of increased agglomeration economies (see figure 5.c).

A final group of counties defies simple spatial categorization (i.e.,
Conway, AR; Jerome, ID; Rowan, KY; Dillon, SC; Gonzales, TX; Shenandoah, VA).
In several instances, counties are difficult to classify because several
different spatial configurations appear to be present at once. For example, a
county may be within the orbit of both a large city and a nearby smaller
competitive hub, making it difficult to separate the competing effects.
Several of these anomalous counties appear to prosper because of amenity

endowments which make them ideal places for tourism or retirement development
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(Conway, AR; Jerome, ID; Dillon, SC; Shenandoah, VA). 1In these instances,
landmarks, like lakes, resorts, or shoreline, can be identified which make the
counties attractive for settlement. Two counties appear to be affected by
different treatments (Rowan, KY; Gonzales, TX). Exogenous changes related to
state and local government or farming appear to be driving these divergent

profiles.

6. Summary and Conclusion

In the face of tremendous public and political support for highway
construction for rural economic growth and development, many scholars have
remained skeptical. They have pointed out that rural areas are just as likely
to experience decline as a consequence of new highways. Other scholars have
offered the less stringent formula that "highways are necessary but not
sufficient" for economic growth and development. The results obtained here
tend to support the latter point of wview. Although there is little evidence
of highway significantly stimulating regions during the construction stage due
to measurement anomalies, leakages, and the diffusion of expenditure stimulus,
during the post-construction stage highways may create a substantial economic
stimulus in the right places.

When studying the post-construction effects of new highways on regional
economic growth and development, the most important factor to consider is the
spatial context of the investment. Both theoretical and empirical literatures
suggest that spatial factors are important determinants of the magnitude and
industrial composition of highway impacts. This empirical results obtained
here suggest that three types of regions can be distinguished based on spatial

criteria. Competitive regions contain cities and experience stimulation to
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both public and private services. Urban spillover regions on the fringes of
metropolitan areas are stimulated by both residential and emp loyment
decentralization from larger cities. The remaining rural regions are
uncompetitive as locations for industries most affected by new highways and
experience no stimulation beyond industries which cater to highway users.

These results suggest that an important 'necessary’ condition for
highway investment to contribute to regional growth and development is a
substantial level of prior urbanization or close proximity to large urban
areas. Therefore, highway programs planned for the purpose of stimulating
economic growth in urbanized growth centers may be effective. On the other
hand, highway programs created with the goal of immediately spreading economic
growth to rural regions along the highway axis are unlikely to be effective.
The effects on more isolated areas are generally confined to income categories
other than industry earnings and possibly associated with inmigration related
to decentralization from urban spillover regions, re-location from off-

interstate counties, or inmigration connected to retirement and tourism.
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Endnotes.
lRural economic development has been the goal of at least three major pieces
of federal legislation since the creation of the Interstate Highway System.
The first was the Marine Highway System in Alaska which was constructed for
Southeastern Alaska’s natural resource development. The second was the
Appalachian Redevelopment Act which created the Appalachian Development
Highway System (ADHS). The Federal-Aid Highway Acts of 1970 and 1973 contain
provisions for "economic growth center development highways."

2 The United States model is a 537 sector commodity-by-industry model
constructed by the Bureau of Economic Analysis based on 1977 Bureau of Census
data (U.S. Department of Commerce, 1977). The West Virginia model is a 435
sector commodity-by-industry model which is a non-survey revision of the BEA
1977 model based on 1982 data from a variety of governmental sources
(Greenstreet, 1987). These models are used to examine the effect of a dollar
change in demand for new highway and street construction (SIC code 11.0400) on
output. Because these models yield only type I multipliers, induced
consumption effects on highway expenditures are not captured.

3 Classical locational analysis underlies many of the arguments forwarded by
grass-roots highway advocates. For instance, in von Thinen’s agricultural
production model, lower transportation costs encourage crop cultivation to
occur further away from the central market location. This scenario is
consistent with the popular perception that new highways "open up" a
peripheral region to economic development. Other location models, however,
permit radically different outcomes.

4 Numerous control group studies compiled by the Department of Transportation
(USDOT, 1976a) fit this description.

> The Interstate Highway System was the brainchild of President Franklin D.
Roosevelt. His hastily scribbled transnational highway network was the
catalyst for two major studies conducted by the Bureau of Roads (Toll Roads
and Free Roads and Interregional Highways). Many of the recommendations made
in these reports were embodied in the Federal-Aid Highway Act of 1944 which
formally established the Interstate Highway System (USDOT, 1976). The act
stated that Interstate Highways would be "... located as to connect by routes,
as direct as practicable, the principal metropolitan areas, cities, and
industrial centers, to serve the national defense, and to connect at suitable
border points with routes of continental importance."

6 Self-selection bias may be a serious problem in assessing the effects of
highways. Although the interstate program was not instituted to connect non-
metropolitan areas, most interstate corridors were upgrades of existing
transportation corridors. These corridors generally followed existing
population corridors. Thus, non-metropolitan interstate counties will have
initial advantages over non-interstate counties which must be taken into
account so that not too much of post-interstate growth performance is
attributed to the interstate. The researcher should be prepared to control
for factors which enhance the likelihood of a region obtaining a highway
treatment.
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’ The Mahalanobis metric is preferred over alternative metrics for several
reasons. First, it is one of the most general of metrics. The Mahalanobis
measure can be altered to obtain other metrics and weighting schemes by
replacing £~ Second, the Mahalanobis metric can be used to scale variables
in a way which reduces researcher subjectivity. In the absence of knowledge
about the importance of different covariates in affecting outcomes, as is the
case in regional development research, it may be preferred to discretion.
Third, it does not alter the distributional characteristics of the data.
Control groups selected on the basis of Mahalanobis distances retain the
distributional properties of the original data.

8 The spatial units used for this study are the 3,142 counties and independent
cities in the contiguous forty-eight states. The reason for using these units
is mainly practical rather than conceptual. Continuous time series data are
not available for most of the variables used here for smaller, sub-county
regional units. Aggregating counties to create theoretically more acceptable
regions (e.g., regions that have properties such as economic homogeneity or
nodality) might make it difficult to find good matches for regions. Finally,
unlike the boundaries for ideal regions, which are in flux with socioeconomic
changes, county boundaries are largely fixed through time (Friedmann, 1966).
This choice of counties has two practical drawbacks for policy measurement.
Poorly defined regions may introduce problems that require spatial econometric
estimation (Anselin and Griffith, 1988). Furthermore, the use of county level
data may mask intra-county changes. If much of the effect of highways is to
initiate internal relocations, the county unit may underestimate the true
impacts of highways.

9 The data to be used for this study come from the following sources: (1)
Regional Economic Information System of the Bureau of Economic Analysis (BEA).
The primary source of data for this study are the county personal income
figures released by the Bureau of Economic Analysis. The series used here
contains data for the years 1929, 1940, 1950, 1959, 1962, and 1965-1984, (2)
Census of Population and Housing, 1980: Master Area Reference File (MARF).
This file contains latitude and longitude coordinates for 1980 city and county
population centroids. These coordinate data are used to calculate distance
and potential covariates, (3) City and County Data Book, (Consolidated County
File). Bureau of the Census. This source was used to obtain 1960 city
population data for the five city distance covariates and county area data for
the population density covariate, (4) PR-511 (Status of Improvement of the
National System of Interstate and Defense Highways) File, U.S. Department of
Transportation 1990. This file contains information on the status of various
interstate highway links, including construction dates and opening dates.

10 Empirical testing on the distribution of growth rates did not uncover
strong evidence of normality. When a Shapiro-Wilk normality test was
conducted for each of the twenty sectoral growth rates, roughly half of the
control groups exhibited non-normality. Therefore, non-parametric tests
should result in more robust tests and greater statistical power.

11 The appropriate test statistic for a rank test:

p value = (ng)/(nc + 1)

where:
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nc is the total number of control regions
ng is the number of control regions with growth rates
higher than the treatment region

12 The binomial formula is:
r
b(V:r,a)= o gfV  v=0,1,2,...,r. a=.2, B - .8
i

Thresholds for populations (i.e., income categories) less than twenty are: 15

(4), 16 (4), 17 (5), 18 (5), 19 (5), 20 (5). These levels are important when

it is necessary to test on fewer than twenty categories because of undisclosed
data.

13 Residential adjustment may take on negative or positive values depending on
whether there is a net outflow or inflow of commuters’ income. This property
creates a problem when doing the impact calculations because the growth rate
of a negative number does not make intuitive sense. Isserman (1991) describes
how the residential impact calculation and corresponding significance test is
conducted.

14 The competitive share component used in shift-share analysis can be
calculated by using a larger benchmark region in place of the control group.
The use of larger unrepresentative regions has been criticized for ignoring
regional conditions which lead to differential regional impacts (Isserman and
Merrifield, 1982).
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Table 1 Selection Variables used in Empirical Analysis

Variable Name Variable Description

Calipers.

HWY Interstate highway presence

MISSING Missing data

SPAIND Spatial independence

Covariates.

Ccos Coefficient of specialization

PRES Residential adjustment as percent of total income

PDIR Dividends, interest, and rent income as percent of total income
PTRF Transfer income as percent of total income

PFAR Farm earnings as percent of total income

PAGS Agricultural services, forestry, and fishery earnings as percent of total income
PCON Construction earnings as percent of total income

PMIN Mining earnings as percent of total income

PMFG Manufacturing earnings as percent of total income

PTPU Transportation and public utilities earnings as percent of total income
PWHL Wholesale trade earnings as percent of total income

PRTL Retail trade earnings as percent of total income

PFIR Finance, insurance, and real estate earnings as percent of total income
PSVC Services earnings as percent of total income

PFED Federal, civilian earnings as percent of total income

PMIL Federal, military earnings as percent of total income

PSTL State and local earnings as percent of total income

POTH Suppressed earnings data as percent of total income

LPCP Log of population (base ten)

LPTPP Logarithm of population potential (radius<60 miles)

LPTPPP Logarithm of population potential (60 miles<radius<500 miles)
PDN Population per square mile

PCI Per capita earnings

CITY25 Distance to city of population 25,000 or greater

CITY100 Distance to city of population 100,000 or greater

CITY250 Distance to city of population 250,000 or greater

CITY500 Distance to city of population 500,000 or greater

CITY1000 Distance to city of population 1,000,0000 or greater

RTOT Total income growth rate

RPOP Population growth rate

SPC State and local earnings per capita

Years

1987
1959

1959
1959
1959
1958
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1958
1959
1959
1959
1959
1960
1960
1960
1960
1960
1850-59
1950-59
1959
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