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ABSTRACT: Regional economic development is often considered by state and federal
highway transportation authorities in selecting highway routes. Regional economic models
and theories have informed this decision-making by either providing detailed economic
forecasts or suggesting general patterns of regional development. This paper reviews and
evaluates models and theories which have implications for the magnitude, industrial
composition, spatial development, and temporal distribution of highway economic impacts.
A synthesis of this literature suggests that regional development theory, which argues that the
effects of regional economic policies will be conditioned by regional and extra-regional
characteristics, provides a unifying framework in which to evaluate the relationship
between highways and economic development.



This review of literature addresses the theoretical evidence regarding the relationship between
highways and regional economic development. Economic development has figured among the evaluation
criteria used by federal development agencies and state transportation authorities. Theories and models have
provided both general and specific ex-ante forecasts for use in program evaluation. For instance, the
Appalachian Regional Commission was influenced by several regional economic theories in vogue during the
early 1960s: 1) economic base, 2) classical location theory, 3) stages theory, and 4) growth pole theory (Newman
1972). Regional development theory played a role in highway corridor placement (Manuel 1971, p. 2). The
Federal-Aid Highway Act of 1970 contained a provision calling for "economic growth center development
highways" (Siccardi 1986). Moreover, it is not unusual for state and federal government to contract out ex-ante
construction and post-construction economic impact studies along with cost-benefit analyses. Since
development criteria are used in highway planning, it is fair to ask how successful they have been in promoting
economic development. And it is fair to ask how reliable the theories and models which have guided decision
making have proven.

The models and theories reviewed here can shed light on different facets of the transportation-
economic development relationship. If nothing else, they indicate the importance regional economists have
attached to transportation factors compared to other variables over the years. In many regional theories,
transportation is a variable of central importance in determining regional growth and development. Indeed,
regional economics owes its existence to the difficulties of overcoming space (i.e., transportation costs) (Hoover
and Giarratani 1984, p. 5). Some models have incorporated transportation factors in only a very rudimentary
and ad-hoc fashion. A few have virtually ignored it. In instances where it has not figured prominently, it may
be worthwhile to adapt the framework. Other regional theories may suggest how to make the adaptation.

The models and theories can provide insight into which industries are likely to be stimulated through
expansion or relocation. Some industries may be more sensitive to transportation changes than others due to
differing production and distribution characteristics (¢.g., input and output transportation intensity, economies
of scale). Households may also be sensitive. It is important to understand what kind of industries and
households might be expected to relocate and where.

The temporal and spatial nature of economic effects are also concerns. The abstract growth pole
theory of Perroux has been applied to a geographical context to explain the spatial phenomenon of "backwash"
(polarization) and "spread" (trickle-down) effects. Economic effects may vary temporally as well. Temporal
effects have been dichotomized into "construction" and "post-construction” effects because of the different types

of stimuli acting during each period. Post construction effects may vary due to changes in national and regional
conditions.

Many researchers have spoken of highways as "catalysts" in economic development (e.g., Siccardi 1986,
p. 72; Gillis 1989, p. 8). Some have employed the "developmental cliche" that "highways are necessary but not
sufficient for economic development” (e.g., Ayers and Freiburg 1976, p. 43). Each of these suggests that there
may be factors which condition the economic effects of highways. The task then is to identify the characteristics
which interact with highways. These factors may be regional or extra-regional. They may be socio-economic,
spatial, or institutional. They may even change over time. Regional development theory is concerned with
identifying these conditions.

The relationship between highways and economic development is not cut and dried. At first glance,
some of the conclusions seem contradictory. However, when account is made of the widely different
assumptions, some results can be reconciled. In fact, many theories are complementary. For example, in
industrial location theory, central place theory is useful for explaining market oriented service and retail
industry location, von Thunen’s model is intended for analyzing the location of market oriented agricultural
production, while Weber’s model is typically used for industries which consume non-ubiquitous resource inputs.
Some conclusions are clearly irreconcilable. For example, Allen (1971) argues that the threshold-ceiling for
creating sustainable growth centers is in the 30,000 to 200,000 population range, while Berry (1967) contends
that the threshold is 250,000.



This paper will attempt to encapsulate, reconcile, and synthesize these relationships. It will be
illustrated that highway effects are fundamentally different in construction and post-construction stages.
Highway effects during the construction period will differ from region to region according to the magnitude of
construction and displacement expenditures as well as the nature of intraregional and interregional linkages.
Spatial effects may also vary over time, as a period of polarization or "backwash" gives way to "spread”. It will
be argued that market and highway oriented enterprises and residences will be most responsive to highway
improvements and that areas exhibiting urbanization, prior dynamism and other competitive features stand to
gain the most. The temporal, spatial, and industrial economic effects are ultimately determined by a host of
regional and extra-regional conditions. Thus, regional economic development forecasting could benefit from a
rigorous framework which identifies the circumstances under which highways generate economic development.

Regional Models

Input Output Analysis

Input output models are frequently used to gauge the direct and indirect economic effects of new
expenditures on regional output. The multiregional input-output model is a multiple region extension of the
single region input-output model which takes into account the interrelationships between industries and regions.
One can think of the multiregional input-output table as a practical, non-survey approximation of a interregional
input-output table which requires extensive interregional data unavailable in the United States. Its primary
advantage over single region analysis is that it allows interregional feedback effects, which are ignored in single
region input-output analysis, to be measured. The reasons for introducing it here is that: (1) it illustrates the
different channels by which transportation infrastructure and transportation infrastructure construction may

affect regional output and (2) it has frequently been modified in ways to incorporate the effects of
transportation change.

The following assumptions are necessary (Liew and Liew 1985):
1. Each industry in each region produces a single output. (i.e., no joint products)
2. Regional input-output technical relationships are fixed. (e.g., no technological change)

3. Perfectly elastic supply (no supply constraints)
4. Trade coefficients are fixed.

The MRIO model can be represented in matrix form as follows:
X=CAX +Y
where X is a vector of regional outputs, C is a matrix of multiregional trading patters, A is a matrix of regional

technical coefficients, and Y is a vector of regional final demand purchases. The ways in which transportation

will affect regional output over the construction and post-construction periods can be isolated by differentiating
equation (1).

d(X) = AXd(C) + CXd(A) + CAd(X) + d(Y)
d(X) - CA d(X) = AXd(C) + CXd(A) + d(Y)
(I-CA) d(X) = AXd(C) + CXd(A) + d(Y)
d(X) = (1 - CAYTAXd(C) + (1- cAYlexd(A) + (1- ca)y T d(y)
The final equation above illustrates that changes in regional output may originate from three sources: (1)

changes in regional purchase coefficients (d(C)), (2) changes in technical coefficients (d(A)), or (3) changes in
demand for regional output d((Y)). Transportation improvements may affect any one or all of these variables.



Input output is most useful for analyzing the sectoral and aggregate economic effects of short-run
expenditure changes. It is most amenable to short-run analysis because technical and trade coefficients are
more likely to remain fixed. For the case of regional transportation improvements, this short-run time frame
corresponds most closely with the construction stage of a project. During the construction stage, a region will
experience a known exogenous boost in construction expenditures (i.e., d(Y)) which is sustained over a few
years until the project is completed.

The construction stimulus is largely removed once the highway is completed. Although there may be
lagged multiplier effects (Cole 1989) and some expenditures on maintenance and transportation services (¢.g.,
state highway snow removal and surface repair) may continue to emanate from outside the region, the primary
transportation improvement effects will likely occur in other ways. Changes in interregional trade patterns
caused by accessibility improvements 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.

Unfortunately, input output models have limited applicability to such problems. Input output is
probably best thought of as a regional accounting framework which exposes interindustry (and interregional)
interrelationships or a short-run impact analysis tool rather than a full-fledged model of regional growth or
development (Richardson 1978). Each of the components mentioned above must be explicitly modelled in
order to incorporate transportation influences on market area and market growth.

A few researchers have attempted this. For instance, Stevens et al. (1981) develop a transportation
impact analysis system which uses an econometric model to forecast the effects of transportation changes on
regional final demand. While trade and technical coefficients are not formally modelled, they suggest that a
region’s most competitive industries (proxied by regional specialization) should gain from transportation
changes. Amano and Fujita (1970) develop a more extensive system. Regional purchase coefficients, technical
coefficients for the transportation and value added sectors as well as demand for regional output are functions
of transportation costs. The primary innovation is the endogenization of trade coefficients which is
accomplished by invoking trade theory concepts. Transportation costs among regions for each product and
product prices determine interregional trade flows. Liew and Liew (1984 and 1985) endogenize regional
purchase coefficients, technical coefficients for all sectors, and final demand. Transportation cost changes not
only affect interregional price competitiveness and trade patterns but create substitution effects in the
production process.

The operationalization of a long-run input output model for transportation improvement forecasting is
a difficult undertaking. The data demands are extraordinary. The first data requirement is a regional input
output table. Since sub-state survey based tables are unavailable, non-survey methods must be employed.
There is no consensus on the best non-survey method to use, and different methods can generate significantly
different results (Brucker, Hastings, and Latham 1990). Furthermore, for Amano and Fujita (1970) and Liew
and Liew (1984 and 1985), data on transportation cost savings by industry product are needed.

In addition, these models are less amenable for highway impact analysis than other transportation
modes. The frameworks are informed by elementary locational and economic analysis. External economies
and central place arguments (i.e., the role of multifunctional trips) are not considered. This is less problematic
for improvements such as river navigation projects where these things will be insignificant factors in trade and
production. However, much of the highway literature informs us that they cannot be ignored (e.g., Hale and
Walters 1974; Briggs 1983).

Because of these and other problems, only the construction impacts will be considered here. In the
short-run technological and trade coefficients may be considered constant. The only change occurs in
components of final demand. One may expect the industrial distribution and magnitude of highway
construction impacts to vary according to a number of factors.



First of all, construction multipliers may vary from region to region. Certain generalizations can be
made about input-output tables (Jensen et al. 1988). More mature and urbanized economies will likely have
greater intraregional industrial linkages than rural economies. Also, rural economies, which tend to be more
open than urban economies, will have to import more highway construction and intermediate inputs. Thus, one
might expect construction expenditures to be more stimulating for more urbanized and developed regions. This
is the finding of Polenske and Sivitanides (1990) in international comparisons of construction backward linkages
for developing and developed countries. The temporal distribution of multiplier effects should also be taken
into consideration. Cole (1989) shows that industries respond to increased demand with different production
lags. Total expenditure multiplier lags are determined by the industrial structure of a region.

Secondly, the pattern, magnitude, and timing of expenditures may differ. The "product mix" or final
demand components may vary from construction project to construction project. Regions with numerous
topographical barriers such as mountains, lakes and rivers will require a different mix of inputs and skills than
flat regions. For instance, expenditures on bridge engineering and explosives will be greater in regions with
difficult terrain. In addition, some regions traversing larger regions will require greater expenditures than
smaller regions because more mileage must be constructed. The temporal stream of expenditures should also
be considered. Some projects may be completed in a matter of months while others, especially those projects
encountering right of way litigation and severe topographical obstacles, may take decades to complete.

A third cause for regional differences in the impact of construction expenditures is differences in the
displacement effects of highway construction. Highways require land which may disrupt the operation of
commercial enterprises located along the proposed highway corridor. Compensation given to residents and
enterprises through eminent domain land acquisitions could stimulate economic activity. The magnitude of the
effect of these payments during the construction stage on the regional economy depends on when and where
these funds are spent. On the other hand, the land acquisitions may require suspension of normal industrial
operations. For instance, firms may cease operation or move operations outside the region. The net effect of
displacement on regional expenditure and multipliers is difficult to determine a priori and is ignored in practical
application.

The above arguments can be succinctly summarized in a triad of equations.

(+) (+)

Impact = F(multiplier, expenditures)

(+) (+) Q) ?)

multiplier = f(development, urbanization, openness, industry displacement)

(+) (+)

expenditures = g(construction expenditures, expenditures from displacement)

Input-output tables can give an idea of the industries most likely to be stimulated by highway
construction expenditures. During the construction period, one might anticipate that direct and indirect
impacts would favor certain sectors. Polenske and Sivitanides (1990) confirm this. They also observed that,
with greater regional development, construction impacts become distributed more evenly among industries.

To further investigate this, a ranking of the sensitivity of various industries to road and street
construction expenditures was examined for different levels of "openness” in the United States. Input output
simulations were run for the United States and West Virginia. The industrial direct and indirect impacts of an
increase in road and street expenditure were distributed among sectors as in Table 1.

Certain generalizations can be made based on these results. For instance, one would expect primary
sectors such as construction and manufacturing sectors to be stimulated most. Tertiary sectors constituting
industries such as services, trade, FIRE, (finance, insurance, and real estate), and TPU (transportation,



Table 1.

Sectoral Breakdown of Highway Construction Impacts

Table

Sector

Farm

AGSV

Mining
Construction
Manufacturing
TPU

Trade
Wholesale Trade
Retail Trade
FIRE

Services
Government
Imports

Multiplier

United States

(1977)

1

% of total multiplier

N

QVWNNOWWULNPULMOO

.19
.30
vy
.80
.13
.84
.17
.40
.77
.39
.94
.20
.30

.280

West Virginia

Rank

(11)
(8)
(3)
(1)
(2)
(4)
(6)

(7)
(3)
(10)
(9)

2

% of total multiplier

0.21
0.11
0.70
43.99
13.87
3.73
6.21

3.51
5.35
0.36
21.96

2.303

lSource: Washington DC: US Department of Commerce, Bureau of Economic
Analysis The Detailed Input-Output Structure of the U.S. Economy, 1977.
Source: Morgantown, WV: West Virginia University, Bureau of Business

Research.

Rank

(10)
(11)
(8)
(1)
(3)
(6)
(4)

(7)
(3)
(9
(2)




communication, and public utilities) would follow. Government, farming, and agricultural services receive
miniscule shares of the total direct and indirect construction impacts. Lastly, the share of impact attributable to
the mining industry would be dependent on a region’s resource base. While the results would be different
depending on the region considered, these results are suggestive of what one would expect of a "typical region".

Export-Base Analysis

Export base models are more primitive than input output models. Total regional income is
dichotomized into basic (export) and non-basic (local) income. Local economic activity is assumed
proportional (k) to export activity. Therefore, total economic income is a multiple (1/(1-k)) of basic income:

Y=(1/(1-k))B

where Y =total income.
k=average propensity to spend locally.
B=Dbasic income.

Like the Leontief inverse in input-output analysis, the base multiplier is assumed constant for
forecasting purposes. This assumption is just as untenable as it is for input output analysis. Economic base
multipliers may change for the same reasons that input output multipliers do: technological change, changes in
industrial structure, import or export substitution, or economies or diseconomies of scale. The effect of
transportation improvements on these items is uncertain. Since exports drive regional income, consideration
must be given to transportation effects on regional exports. These difficultics make export-base analysis
inappropriate for long-term analysis.

Since input-output is conceptually similar to export base (they are functionally equivalent under certain
restrictive assumptions, Hewings and Jensen 1986), and it allows substantial sectoral disaggregation of industrial
impacts, there is little to be gained by considering export-base analysis.

Regional Econometric Models

Large scale regional econometric modelers have generally neglected transportation variables. Most
models have a short-run and demand orientation that is most useful for government expenditure simulation
studies. Changes in regional structure, capital stock, and productivity have rarely been important factors
considered despite the lamentations of regional modelling modelers such as Richardson (1978), Klein and
Glickman (1977), and Bolton (1985). In instances where transportation sector specification innovations have
occurred, it has been because transportation costs are a necessary part of the policy simulation rather than a
fastidious concern for scientific exactitude. Examples of transportation-rich econometric models which fit this
mold include the Harvard Macroeconomic Transport Simulation Model (Meyer 1971), the Pennsylvania
Highway Corridor Model (Sauerlender and Davinroy 1976), and the Multiregional, Multi-Industry Forecasting
Model (MRMI) Harris (1973, 1974 and 1980).

The Harvard Model was, according to its creators, primarily for use in underdeveloped countries.
According to Straszheim (1970), the effect of transportation changes are "likely to be more pronounced in a less
developed country with substantial transport costs and with greater market imperfections” (p. 217) than for
developed countrics with extensive transportation systems where "the effects will be very subtle (p. 219)" The
model consists of two major blocks: a macroeconomic model which determines commodity final demands and a
transport model which apportions commodities to regions on the basis of transportation costs over several
modes (i.e., highway, rail, air, and water).

The Pennsylvania Corridor Study was developed in order to simulate economic changes for Minor Civil
Divisions (MCD’s) within several miles of a new highway. The model consists of several dozen structural
equations. These include equations for manufacturing, services and retail, real estate values, population,
income, and local government revenue growth. Manufacturing employment is grouped into 11 categories based






