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ABSTRACT: The construction of new highways is continually advocated on the regional, state, and
local level as an important mechanism for stimulating economic growth. Yet, whether or under what
conditions highways actually generate new jobs and stimulate the economy is not known conclusively.
Surprisingly, given the key role of transportation costs in location theory, regional scientists have done
little rigorous work in this areca. The topic also has not fared well in the hands of others. In an
attempt to begin redressing this situation, the paper presents two exploratory quasi-experimental
studies--one based on 171 nonmetropolitan cities of 15,000 to 35,000 population and the other
focusing on six rural counties traversed by the highways. The findings suggest that there are benefits
associated with linking a city and its county to the interstate system, but few significant effects on
income on the rural links ten to fifteen years after the construction phase.
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Highways and Rural Economic Development:
Results from Quasi-Experimental Approaches

1. INTRODUCTION

The policy debate over the effectiveness of highways as an economic development stimulus has often
been conducted as if the choice were binary: Do highways stimulate growth, or don’t they? A clear statement
in the affirmative resounded 25 years ago in the United States when the President’s Appalachian Regional
Commission (1964) proclaimed:

Development activity in Appalachia cannot proceed until the regional isolation has been
overcome. Its cities and its towns, its areas of natural wealth and its areas of recreational and
industrial potential must be penetrated by a transportation network which provides access to
and from the rest of the nation and within the region itself. ... The remoteness and isolation
of the region, lying directly adjacent to the greatest concentrations of people and wealth in the
country, is the very basis of the Appalachian lag. Its penetration by an adequate transportation
network is the first requisite of its full participation in industrial America. (p. 32)

Based on this logic, the Appalachian Redevelopment Act of 1965 contained authorization of the construction of
a 2,350-mile development highway system (3,760 kilometers) to "open up an area or areas with a developmental
potential where commerce and communication have been hindered by lack of access."

The counterpoint in the scholarly literature appeared quickly. Hansen (1966) argued that expenditures
for vocational education and worker retraining could have a greater developmental impact than highways.
Munro (1969) argued that highways do not attack the basic social and economic reasons behind Appalachia’s
lag and that the Appalachian program was poorly planned and the highways "located in an economically
irrational matter." After hundreds of miles had already been constructed, Straszheim (1972) concluded:

However, in no instance has the case been convincingly made that feasible alterations in the
transportation system in the United Statecs have the potential to markedly affect regional
development. ... The interaction of transportation and economic development requires
much additional research.

Regional science and related fields have not done well in providing that needed additional research.
Transportation costs and, more generally, the friction of distance arguably are the reason for being of regional
science. Go back to Losch (1938) in the Southern Economic Journal. A vast, undifferentiated plain develops a

hierarchical network of differentiated regions for but two reasons: agglomeration economies and transportation
costs.

A curious imbalance exists in regional science. There is a huge literature in location theory, where
transportation costs are a prominent factor, but there is very little about transportation in the regional
development literature. The prevailing wisdom in the latter is illustrated by Richardson (1978) in the context of
a discussion of growth pole theory:

Where growth poles are promoted in backward regions, a key element in their development is
government provision of interregional infrastructure (roads and other transportation facilities)
linking them with the core regions. ... The interregional transportation facilities certainly
open up the periphery to the core, but they also open up the core to the periphery. The result
may be accelerated polarization out of the backward regions (including the pole) to the core
regions. Policy-makers may for many years find themselves pouring resources into a bucket
with a very big hole in it. (p. 173)



In other words, we do not know yet when and where and under what circumstances highway investment
will lead to rural economic development. For a given place, we do not know whether a highway will stimulate
the demand for goods and services produced there or whether it will draw away people and production to other
places. Yet, reframing the question from whether highways cause growth to under what circumstances and
where they do is a big step. The effectiveness of a highway in stimulating economic development depends on
where it is, what it connects, what is near it, what is there, and the overall economic climate--in short, its spatial
economic context.

The objective of this paper is to begin to identify the spatial pattern of economic consequences of
highway construction in nonmetropolitan areas. Of particular interest are the effects of highways on cities in
the 15,000 to 35,000 population range (to be termed rural cities) and on rural areas that the highways traverse
(to be termed rural links). Two kinds of highways are examined, the interstate system and the development
highways of the Appalachian Regional Commission.

This paper also has a methodological component as it is necessary to develop ways of measuring the
effects of highways in order to begin to determine (1) in what spatial contexts highways can be effective as
development strategies and (2) the spatial characteristics of the resulting development. The studies here of
rural cities and rural links when taken together begin to provide some insight into development patterns within
rural areas, particularly the relationship between rural cities and their hinterlands.

Both studies use quasi-experimental control group methods. The term quasi-experimental refers to a
research design that has all the hallmarks of an experiment--a trecatment, an outcome measure, and a control
group whose experience forms the baseline against which to infer the effects of the treatment. Missing from the
true experimental design is the random assignment of;, in this case, places to a treated group and an untreated,
control group. The control group must be selected in such a way so as to compensate for the lack of initial
randomness in deciding where highways are to be built.

The quasi-experimental approaches presented here entail the identification of control groups after
treatment has occurred. The treatment is the construction of four-lane limited access highways, and the
treatment outcome is measured as the deviation between the control group and the treated group in
employment and income growth by sector. The treatment is considered a success from an economic
development standpoint if employment and incomes increase faster in the treated places than in control places.
Since the study of rural cities is the more simple one methodologically, it is presented first.

2. RURAL CITIES

In order to analyze the effects of highways on rural cities, a list was compiled of all cities in the United
States with populations in the range 15,000 to 35,000. A group of 171 citics was identified (actually 171 counties
each with a city in that size group) after eliminating all cities that were in metropolitan areas, close to a large
city, or in a county with a military base. All states were represented except eight particularly densely settled
ones where no cities qualified and Alaska and Hawaii, which were not considered. Each city was looked up on
a current map to classify it by its level of highway service, either interstate or non-interstate.

This manner of selecting a control group is relatively crude. It is similar to comparing smokers and
non-smokers after controlling for age and sex. Although inferior to the painstaking, pairwise matching of places
done by Wheat (1969) or the method to be applied to rural links in the next section, it does enable the use of a
large sample and controls for two important factors, city size and proximity to a larger urban area.

Since job creation is the primary objective of most rural development strategies, employment growth
rates were compared for the interstate and non-interstate cities. More precisely, because of the lack of such
data for small cities per se, the county containing the city became the unit of analysis. The analysis was
conducted over several time periods beginning in 1969 and ending in 1987. Four sectors are of particular
interest from a transport-oriented economic development perspective, namely, manufacturing, services, retail



trade, and wholesale trade, but the analysis was conducted here for ten sectors included in the earnings data
available from the Bureau of Economic Analysis.

Total employment and employment in all ten sectors grew faster in the interstate cities between 1969
and 1987. Based on an one-tailed t-test of the difference between their mean growth rates, the interstate cities
had significantly higher growth rates in wholesale trade, services, agricultural services, construction,
transportation and public utilities, and farming (table 1). Although total employment grew 8 percentage points
faster and manufacturing 11 points faster in interstate cities, these differences were not significant at the 90
percent level.

When the growth rates are analyzed over subsets of the 1969-87 period, some interesting variations
appear. Manufacturing grew significantly faster in the interstate cities in the 1970s, but the difference
evaporated in the 1980s as employment declined 9 percent in both sets of cities. During the recessionary
period, 1979-84, only two sectors did significantly better in the interstate cities, wholesale trade and farming, the
latter by declining less. During 1984-87, those two sectors were joined by retail trade, services, and agricultural
services, as well as total employment, in growing significantly faster in the interstate cities.

Before generalizing about the relationships between interstate highways and economic development, a
shortcoming of this control group design should be noted. It does not control for possible differences between
the two sets of counties before the interstates were built--differences that could have resulted in the interstates
being built where they were. Although arguably interstates were not located because of observed growth in
cities of this size, the possibility of such a bias in the research design was confronted directly.

The treated and untreated cities were compared with the implicit assumption that they were the same
before treatment. A stronger design incorporates a comparison of the two groups before treatment as well as
after treatment to determine whether they, in fact, were the same. Doing so in this instance was not possible
with employment data because they are not available in a consistent time series before 1969. The analysis was
conducted instead with data on income and population.

The years 1950 to 1959 are the closest match possible to a pretreatment period; the interstate system
was authorized in 1956. Over the period 1950-59, the future interstate cities actually grew somewhat slower
than the interstate cities, both in total income and population and in almost all 13 income categories analyzed
(table 2). Comparing 1950-65 and 1969-87 reveals that interstate cities grew significantly faster in total income,
population, and eight sectors during 1969-87, but had done so in absolutely no categories during the carlier
period. Thus, the requirements of a control group are met admirably. Places that on the whole grew more
slowly before the interstate system was built came to grow more rapidly after the system was built. By 1984-89,
every sector was doing better in the interstate cities, five significantly so.

Some specific results are worth singling out. Per capita income, a common but imperfect measure of
welfare, shows almost identical growth rates for both groups. Total income, population, and manufacturing
growth rates also were virtually the same from 1979 onward. The largest differential by far is for wholesale
trade. Residential adjustment, the amount of money flowing out of a county because of commuters working
there, is a potential measure of the net effect of the interstate making it easier for people to work in the city but
also easier for city residents to leave the city to work elsewhere. With the expectation that the former
dominates, residential adjustment should grow more slowly in the interstate cities. That is the case for most
time periods, but the difference is significant only once.

All in all, the results indicate that interstate highways do stimulate the growth of rural cities. The
strength of the stimulus and its sectoral composition, however, seems to vary over time for causes not clear
from this analysis. It is reasonable to hypothesize that the magnitude of the effects are related to sectorial
changes in the national economy and national economic conditions. The highway might be likened to a
riverbed; the amount of water flowing past a particular point varies over time and depends largely on conditions
elsewhere.



1969-87
1969-79
1979-87

1969-74
1974-79
1979-84
1984-87

1969-87

1969-79
1979-87

1969-74
1974-79
1979-84
1984-87

Total

33
.26
.05

11
13
.02
.03

Services

N

74

35
28

15
17
14
A1

41
.32+
.07

14>+
.14
.02
05**

87*

41*
32**

17
20%*
.16
14**

Table 1. Employment: Mean Growth Rates of
Interstate (I) and Non-Interstate (N) Rural Counties

Manufacturing Wholesale Retail
N I N I N 1
.16 27 .66 92%** 50 58
23 39** 73 .85* .33 .39+
-.09 -.09 -.02 .06** 11 14
.09 25%** 22 24 .14 18**
11 .09 43 .50 .16 .18
-.06 -07 -01 .03* .07 .07
-.03 -02 -01 02* .04 07**
Agricultural
Services Construction TPU
N I N 1 N I
1.01 1.61** 35 S1* 25 A4
51 71 .39 .60** 24 36%*
.36 S53%x% .00 .01 .01 .03
20 27 17 34* 14 s
.29 35 .20 26 .09 16***
32 29 -05 -.08 .00 .00
12 18%* .07 .10 .02 .03

Fire
N 1
1.10 1.25
.68 77
24 26
31 .33
27 32%*
13 13
.09 11
Farmin
N 1
-13 -.02**
(74-87)
.02 .08
-16 =10
-.03 -.01
.06 .08
-.08 -03%**
-10 - Q7***

.63
.36
78
01

.28

14
13

Note: Asterisks indicate rural cities on interstates have significantly higher growth rates, with *** signifying the 99% confidence level, **
the 95% level, and * the 90% level.

.96
73*
7
13

.20
45
41
18*



Table 2. Population and Income: Mean Growth Rates of
Interstate (I) and Non-Interstate (N) Rural Counties

Per Capita
Total Income Population Income Manufacturing Trade Wholesale Retail Fire
N I N I N 1 N I N I N I N I N 1
1950-65  1.22 1.16 .16 .16 94 .89 227 1.92 90 .86 n.a. n.a. n.a. n.a. 237 244
1969-87  3.79 4.04* 17 23* 3.09 3.10 297 3.50* 2.69 3.01** 353 4.40*** 248 2.68*** 327 3.62*
1950-59 .59 55 .10 .08 45 45 1.32 .98 52 .50 n.a. n.a. n.a. n.a. 125 129
1959-68 .76 76 .06 .08* .66 .63 98 1.01 55 53 .60 55* 54 53 88 .89
1969-79 1.83 1.99** 12 A7** 1.52 1.55 1.74 2.14** 1.65 1.79** 2.44 2.774%* 1.44 1.56* 199 2.14
1979-87 .69 .69 .04 .04 .63 .61 A43 42 .39 44+ 1.70 240*** 121 1.31 41 .48*
1959-65 40 .39 .05 07** 34 30%* .50 45 55 53 28 25%* 24 24 49 49
1969-74 .66 2% .06 09** 56 .58 53 78 x* 57 62%* .70 79* 53 58* S0 55
1974-79 .70 73* .06 07* .61 .61 .79 74 .69 72 1.03 1.10 58 .61 98 1.03
1979-84 46 46 .04 .04 41 40 32 31 26 27 1.50 1.70* 28 27 21 .23
1984-87 15 15 -.00 .00 15 15 .07 .08 .10 3%+ 1.70 2.40%** 10 13+ 17 21
Agricultural Residential
Services Services Construction TPU Farmin Mining Adjustment
N I N 1 N I N 1 N I N 1 N I
1950-65  1.60 143 1.28 1.06 223 1.53** 1.08 94 .01 -.07 1.01 1.07 -1152 =790
1969-87  5.03 5.35* 2.56 3.41* 2.83 3.20* 332 3.85 1.82 1.55 4.38 5.85 11.66 6.98
1950-59 .86 71+ 44 32 1.28 87* 62 55 -15 -18 .76 98 220 912
1959-68 .84 .84 1.32 1.24 .80 73 59 52 .38 52 .58 23 1.51 248
1969-79  1.94 2.03 2.10 2.23 1.94 2.44*+ 1.89 2.18** 1.27 1.36 4.64 4.00 3.22 3.49
1979-87  1.05 1.10* 1.03 1.44*** 37 .37 49 S1 33 39 .02 A47* 57 56
1959-65 39 42 .63 73 42 .38* 28 25 39 .26 23 .07 77 .86
1969-74 57 59 2.05 1.62 .63 .89 73 .76 1.06 87 2.05 1.62 1.25 .63
1974-79 87 .89 77 .86 .83 93 .66 .78 37 -93 .83 97 -97 1.04
1979-84 .60 .61 31 29 16 11 37 33 .09 18 50 1.08 52 21
1984-87 .28 .30 -.04 Q7*** .19 22 .09 11 43 2.83 -.30 .03** 35 15

Note: Asterisks indicate rural cities on interstates have significantly higher growth rates, with *** signifying the 99% confidence level, ** the 95% level, and *
the 90% level.



To assess further the relationship between roads and economic development, the cities were divided
into four mutually exclusive groups based on highway service:

1. located at the intersection of two interstate highways or of an interstate and a four-lane
limited access highway,

2. served by one interstate highway,

3. served by a four-lane highway, and

4, served only by a two-lane highway.

Thus, the interstate and non-interstate counties each were divided into two groups. The four groups
had, respectively, 23, 67, 32 and 49 counties. This hierarchical categorization made it possible to examine
whether there were systematic differences in growth rates between cities at each level of highway system. Is
there evidence that cities having more than an interstate connection grew faster than those with only one
interstate? Is there a marked difference between cities on four-lane and two-lane highways? Can economic
development arguments be made for improved highway service beyond the interstate/non-interstate
dichotomy?

The growth rates of the four groups do not always nest nicely into hierarchical order with
monotonically increasing growth rates at higher service levels. For instance, the counties with cities at interstate
intersections grew 17 percent in population on average between 1969 and 1987--the same average growth rate
as the counties with only two-lane roads--but counties with a single interstate connection grew 25 percent.

Nevertheless, some generalizations are possible. During the period 1969-79, the counties with
interstates grew significantly faster than those with lesser highway service, both in total income, population, and
numerous sectors including manufacturing and wholesale trade. Those counties with more than interstate
service, however, did not grow significantly faster in any sector than those counties with only interstate service
(table 3); in fact, population and four sectors grew significantly faster in the interstate counties. Those results
suggest that (1) the main economic development benefits were gained by an interstate connection, and (2) other
service upgrades, either from two- to four-lane or from interstate to interstate interchange, provided little in
terms of economic growth.

The results for 1979-87 look quite different. The interstate intersections show advantages in wholesale
trade, services, and per capita income, and the intersections are only bested in two instances compared to eight
in the previous decade. The growth differential in favor of interstates over lesser levels appears far less
frequently, however. Also, per capita income grew faster in counties with four-lane service than in those with
interstate service in 1979-87 (table 3). In general, however, such inverted results became less frequent over
time. There were 15 such cases in 1959-68, ten in 1969-79, and three in 1979-87.

In conclusion, although an interstate connection does not appear to convey a significant growth
advantage in all time periods and in all sectors, this analysis suggests that interstate highway connections do
have economic development benefits to rural cities. The method used here had the advantage of allowing the
analysis of a large number of counties, but it has the disadvantage of not generating much information about
particular cities and the nature of their economic development. In the section to follow, six particular rural
links are analyzed using another method, which measures effects on those areas individually instead of
comparing two groups.

3. RURAL LINKS

The evolution of the quasi-experimental control group method used to study the rural links is described
in Isserman and Merrifield (1982 and 1987), Isserman and Beaumont (1989), and Isserman (1989). Its
distinguishing characteristic is the careful selection of a control group of counties for each courty receiving a
particular treatment--in this case, an interstate or other limited access highway traversing the county.
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The Six Study Areas

All six counties are in Appalachia, four in West Virginia, one in New York, and one in Ohio. They
range in population from 11,400 to 51,700, and their largest towns have between 1,200 and 6,700 people.
Construction began on the highway traversing each county within the period 1967-69. The highways in the first
four counties are part of the Appalachian Development Highway system built though the program of the
Appalachian Regional Commission. The other two are part of the national interstate highway system. Each
county is described briefly to convey a sense of its economic development context; a summary is found in table
4.

Preston County, West Virginia. Preston County (population 27,996) is located in north central West
Virginia and shares borders with Maryland and Pennsylvania. Kingwood, its largest town, has 2,877 residents.
Nearby cities include Morgantown, West Virginia (population 27,605), approximately 15 miles west;
Uniontown, Pennsylvania (population 14,510), 15 miles north; Cumberland, Maryland (population 25,933), 45
miles east; and Pittsburgh, Pennsylvania about 75 miles north.

Preston County’s economy is similar to most of rural West Virginia. It is relatively concentrated in
mining, farming, transportation and public utilities, and state and local government with services, trade, and
manufacturing underrepresented. Even before the highway was built, 21 percent of income was generated by
commuting to work outside the county, and another 15 percent by transfer income--making these two by far the
largest sectors.

Construction of U.S. Route 48 began in Preston County in 1969. It runs east-west across the county
and passes approximately 15 miles north of Kingwood. Morgantown and Cumberland are the first cities of
population greater than 25,000 encountered east and west on route 48. Links to Uniontown and Pittsburgh are
more roundabout from Preston County. U.S. 48 is part of Appalachian Corridor E and links Interstates 70, 81,
and 79.

Ritchie County, West Virginia. Ritchie County (population 11,442) is located in the west-central part
of West Virginia. Its largest town is Harrisville (population 1,673). Nearby cities include Parkersburg, West
Virginia (population 39,967 and part of a metropolitan area), and Clarksburg, West Virginia (population
22,371). Its economy is relatively specialized in mining (natural gas, not coal) and manufacturing and less
concentrated in services, trade, and government. As was the case for Preston, the two largest sectors before the
highway was built were transfer income and commuter’s income.

Construction began on U.S. Route 50 through Ritchie County in 1968, That highway connects
Parkersburg, which lies 15 miles west of the county, and Clarksburg, which is approximately 30 miles east on
Interstate 79. Harrisville is located about five miles from U.S. 50. This highway is Appalachian Corridor E,
linking Washington and Baltimore to Cincinnati (but part of that link, Corridor H has not yet been built).

Jackson County, Ohio. Jackson County (population 30,592) is located in southeastern Ohio. Its
largest town is Jackson (population 6,675). Nearby cities include Athens (population 56,339) approximately 25
miles northeast, Cincinnati (population 385,000) 100 miles west, and Columbus (population 564,000) 70 miles
northwest. Jackson County is relatively specialized in manufacturing and government, but transfer income was
its largest single sector at the time highway construction commenced.

Ohio Route 32 through Jackson County is part of the same Appalachian Corridor E that includes U.S.
50 through Ritchie County, West Virginia, and is to connect Washington to Cincinnati. Construction began in
Jackson County in 1967. The road passes within two miles of the town of Jackson.

Allegany County, New York. Allegany County (population 51,742) is located in the southwestern
section of New York. Its largest town is Wellsville (population 5,769). Nearby citics include Olean (population
18,207) approximately 15 miles southwest, Jamestown (population 35,775) approximately 70 miles west, and



County

State

County Population
Largest Town
Town Population
Nearest Node
Distance to Node
Node Population
Highway

Construction Start

County

State

County Population
Largest Town
Town Population
Nearest Node
Distance to Node
Node Population
Highway

Construction Start

Allegany
New York
51,742
Wellsville
5,769
Olean

15 miles
18,207
NY 17 (T)

1969

Lewis

West Virginia
18,895
Weston

6,250
Clarksburg

20 miles
22,371

179

1969

Table 4. Rural Links: Six Study Areas

Braxton

West Virginia
18,848

Sutton

1,200
Clarksburg
57 miles
2,371
179

1969

Preston

West Virginia
27,996
Kingwood
2,877
Morgantown
15 miles
27,605

US 48 (E)

1969

Jackson
Ohio
30,592
Jackson
6,675
Athens
25 miles
56,339
Ohio 32 (E)

1967

Ritchie

West Virginia
11,442

Harrisville
1,673
Parkersburg
25 miles

39,967

US 50 (E)

1968



Elmira (population 35,327 and a metropolitan area) 80 miles east. In addition, Buffalo and Rochester are
within a 100 mile radius of the county.

Its economy is relatively specialized in manufacturing, services, and state and local government.
Tourism (skiing and camping) is an important part of the economic base, and two colleges are located here
(Houghton College and Alfred University). Here transfer income had nearly the same as its national share of
income.

New York Route 17 runs east-west through the county. It passes 15 miles north of Wellsville. Begun
in 1969, this highway is Appalachian Corridor T, linking Interstate 81 at Binghampton with Interstate 79 at Erie.

Braxton and Lewis Counties, West Virginia. Braxton County (population 14,848) is located in north
central West Virginia. It is entirely rural by the definition of the Bureau of the Census. Its largest towns,
Sutton and Gassaway, have only 1,200 residents each. The ncarest town, Weston (population 6,250) in Lewis
County, is 37 miles from the center of Braxton County. The Charleston metropolitan area (population 250,000)
is about 65 miles to the southwest. Pittsburgh is 164 miles northeast.

Lewis County (population 18,895) borders on the northeast of Braxton County but is not as isolated.
Clarksburg (population 22,371) is 20 miles north, and Buckhannon (population 6,820) is 15 miles east.
Charleston is about 100 miles away, and Pittsburgh 130 miles. Its largest town is Weston.

At the time interstate construction began, the economies of the two counties differed somewhat,
because Lewis has relative concentrations in manufacturing and mining. Both counties had concentrations in
transportation and public utilities and in state and local government. Transfer income accounted for almost 30
percent of total income in Braxton County and 20 percent in Lewis County, putting these counties in the 99th
and 95th percentile of American counties, respectively.

Interstate 79 traverses both Braxton and Lewis Counties. It runs from Interstate 90 at Erie to
Interstate 64 at Charleston, crossing Interstate 70 at Pittsburgh. Its entire construction was completed in 1976,

but began in 1969 and was finished in 1974 in the two counties.

Selection of Control Groups

For each of these six counties, a control group of countics was identified. The procedure is fully
automated. It identifies counties that were as similar as possible to the treated county by economic structure
and by sectorial growth rates in the pre-treatment period. Any divergence in growth rates between the treated
county and its untreated control group is considered a measure of the effect of treatment. Statistical
significance tests are used for both the choice of the control group and the estimate of the post-treatment
effects (see Isserman 1987).

The procedure used to select the control counties involved several steps. With data provided by the
Bureau of Economic Analysis, the percentage of total income and the growth rates of income in each of 19
categories during a relevant pre-treatment period for each case study were calculated for all 3,000 counties in
the United States. The standard deviation of each of these variables was calculated as well. Then, for each
treated county, an interval plus or minus one standard deviation was specified around its value on each variable.
Thus, a set of 37 criteria were established: 18 income shares and 19 income growth rates. The actual number of
criteria was less when the value of a particular variable was not disclosed for a treatment county because of
confidentiality requirements.

ANl U.S. counties were screened for each case study to determine how many criteria each county met.
The counties that satisfied the most criteria were chosen, subject to the constraint that there be at least 70
counties in the initial control group. Counties that had also received the treatment (i.e., had limited access
highways running through them) were removed from this group to create the final non-treatment control group.



This procedure is systematic but involves the arbitrary judgement that all variables are equally
important in selecting the control group. Many other weighting schemes and selection algorithms are possible.
This present system, however, is far less time-consuming than the ones presented in previous papers (Isserman
and Merrifield 1982 and 1987; Isserman 1987). Various further refinements are being considered (see Isserman
and Beaumont 1989), but sensitivity analyses on the choice of control groups have shown a robustness of results.

Pre-tests of the Control Groups

Recall that the control group is intended to represent what would have happened in the treated county
had there been no treatment. Specifically, if the growth rates by sector of the treated county and the control
counties diverge after the treatment, it will be asserted that the treatment caused the divergence. Just like one
can gain confidence in the predictive power of an equation if it has a high R“ and low MAPE in the pre-forecast
period, so one can gain some confidence in the ability of the control group to forecast well if it has a good fit in
the pre-treatment period.

The specific question asked by the pre-test is whether the sector-specific pre-treatment growth rates of
the treatment county could have come from the distribution formed by the growth rates of the control counties.
Assume for the moment that those rates come from a normal distribution. Then it is simple to test the null
hypothesis that the treatment county’s growth rate came from that normal distribution. A t-test can be used to
determine the probability that a random observation from the control group distribution would be greater than
the observed growth rate in the treatment county. Ideally, that rate should have a very high probability of
coming from the control group distribution.

Fifteen to nineteen pre-tests were conducted for each control group, depending on its number of
disclosed income categories. The test was passed by total income and most categories in every study at the 90
percent level or better. Three categories did not pass in the case of Preston County, the worst case. Hence, the
null hypothesis that the pre-treatment growth rates of the six treatment countics came from the same
distributions as their control groups’ could not be rejected. The control groups were accepted.

The normality assumption that underlies the t-test can itself be tested using the Shapiro-Wilk statistic.
This test was passed 42 percent of the time in the six case studies. In contrast, the test was passed 73 percent of
the time in the study reported in Isserman (1987). Nonparametric methods are being developed to avoid having
to make the normality assumption in the pre-test (see Isserman and Beaumont 1989).

Results

The effects of treatment are calculated by subtracting the mean growth rate of the control counties
from the growth rate of the treated counties. This growth rate differential can be multiplied by the pre-
treatment base level income to yield the treatment effect. The calculation is identical to the competitive
component of shift-share analysis, except that the mean of the control counties replaces the national growth
rate.

This difference, however, allows statistical tests of the treatment effects. The test is identical to the t-
test for the pre-treatment rates, except now one hopes that the null hypothesis will be rejected--implying that
the treatment county’s growth rate is no longer from the control group distribution. Treatment, if successful,
causes a break between the growth paths of the control group and the treated county. In the case of the
highways, if they stimulated the six rural areas sufficiently, significant effects would be observed during the
construction period and thereafter.

There are statistically significant impacts on the construction sector in four of the six treatment
counties, but the relatively few secondary impacts generally do not persist beyond the construction period. A
typical case is summarized in two figures for Lewis County. When actual total income is compared to expected
total income (actual income minus the impact calculated using the control group), the actual income is greater
during the construction period but falls behind the expected, non-treatment income in later years. In short, the
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treatment effect is positive during the construction period but negative thereafter. It ranges between plus and
minus 10 percent of actual county income. This treatment effect is never statistically significant, however.

Looking at two sectors of particular interest, the treatment effect on construction (observed as the gap
between actual and expected income on the figure) is positive. The construction period stands out clearly and is
statistically significant from 1969 through 1974. Subsequent construction in 1976 and 1983, quite likely related
to development at the highway interchanges, is also statistically significant. The treatment effect on retail
income is also positive, but never statistically significant--illustrating the limited secondary growth during the
study period. It is noteworthy, however, that the treatment effect is growing, which suggests that a longer time
period may produce statistically significant developmental effects of the highway.

The significant post-treatment effects in all six studies are shown in table 5. The dominant tendency is
a paucity of significant effects. Only Braxton County has a significant effect on total income and per capita
income for more than one year. Allegany County and Jackson County stand at the other extreme, with
significant impacts only in three sectors for a few years. Interestingly, Jackson County shows a significant
negative effect on farming early on followed by a positive effect at the end of the study period. Retail and
wholesale trade and durable manufacturing stand out because of the general lack of significant effects.
Nondurable manufacturing, however, appears to have been stimulated in Braxton County and somewhat in two
other counties. Finance, insurance, and real estate is also a relatively active sector. Except in Lewis County,
there are no statistically significant effects on commuter income (residential adjustment), which would be
expected if these highways made it possible for residents to commute to jobs outside the counties. The
population effects also are generally not statistically significant.

The most optimistic assessment of these results is that there are some stirrings of economic
development within the first ten years after highway construction. Major highways do not constitute a quick fix
for relatively remote rural areas.

There are some encouraging signs, however, that more economic development will occur in future
years. Economic activity, largely retail and services, can be observed along interchanges in some of these areas,
particularly near towns. Although this activity is not statistically greater than that occurring in control areas, the
treatment effect often has a positive sign, and, as the Lewis County retail case suggests, may continue to grow.
Ten years may not be enough time to assess the developmental effects of highways.

4. CONCLUSION

Highway construction and accessibility improvement are often promoted as a regional economic
development panacea. The State of Tennessee today proclaims its formula for success:

EDUCATION + ROADS = JOBS.

Appalachian senators strongly fight for the completion of the Appalachian Developmental Highway system.
Chambers of Commerce lobby their congressional delegations for authorization of new highways. The
enthusiasm cannot be extinguished, in part, because as Miernyk (1980) wrote "It is much safer to invest in public
works, where a complete failure is difficult to define." The roads can be used for convenience and pleasure, if
not to create jobs, and even to come home more easily to visit after moving away to work.

1t is not clear that this enthusiasm for new roads should be extinguished. Critics have pointed out that
the road advocates have not demonstrated the economic development effectiveness of roads, but neither have
the critics demonstrated ineffectiveness. A fair conclusion at this point is simply that, depending on the
circumstances, highway improvements will lead to development, no change, or accelerated decline of
economically faltering regions. The spatial economic context of a place is an important factor in the eventual
outcome.
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The results presented here suggest that there are economic development benefits to the rural cities, but
Iess so to the rural hinterland. Impacts on the rural links may be small and largely confined to non-local and
travel related services at highway interchanges. Yet, these observations must be put into their dynamic context,
too. The highways are still new. It is reasonable that their developmental effects are felt first in the more
developed places along their routes. Some rural links may always remain places driven through; others will
develop but the process will take time.

As a field, regional science must learn more about the circumstances that determine which places will
develop and must get beyond conjecture and empirical fragments. Numerous studies of the regional
development impacts of highways have been conducted over the past two decades. The spatial context and
spatial distribution of highway development impacts are not considered in much of the literature (Eyerly et al.
1988; Gaegler et al. 1979; Kuehn and West 1971; Wheat 1969; Wilson et al. 1986). Numerous studies have
found that the effects of highways depend in part on proximity to urban arcas (Briggs 1981; Botham 1980;
Dodgson 1974; Eagle and Stephanedes 1988; Humphrey and Sell 1975; Lichter and Fuguitt 1980; Linchan and
Walton 1976), but Miller (1979) found that highways effects may be negative regardless of urban proximity.
This literature is inconclusive, and many of the studies have methodological limitations. Most research designs
are too weak to permit anything but the most cautious of conclusions.

Twenty years after Straszheim’s call for further research, the literature remains sketchy and its
conclusions sketchy. Limited, incomplete research on an important, timely topic central to regional science and
economic development should be a sufficient lure to stimulate further research.
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