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ABSTRACT: The discipline of regional economics is premised upon the idea that space
matters. The existence of transportation costs and the immobility of consumer markets,
resources, agglomeration, and amenities lead to variations in regional growth and
development. When these variables change, regional growth patterns are altered. Citizens
of declining regions frequently reason that one way to improve growth prospects for their
regions is to reduce transportation costs by making investments such as new highway links
with surrounding regions. This paper examines closer this argument using standard
regional economic theories and models. The paper shows that these theories have
implications for the magnitude, industrial composition, spatial distribution, and timing of
highway economic impacts. It also suggests that new highways are unlikely to live up to
the expectations of many highway proponents and, indeed, may often have detrimental
effects for the regions that they are designed to help.



1. Introduction

The role of highway transportation improvements in regional
economic growth has attracted increasing attention in the past few
decades. Major federal programs such as the Appalachian Development
Highway System (Munro 1969) and Economic Growth Center Development
Highways (Siccardi 1986) were created with the goal of fostering growth
in lagging rural regions of the country during the 1960s and the 1970s.
More recently, several states have experimented with highway
construction programs in order to stimulate economic development in
backward state areas (Johnson 1989; Forkenbrock et al. 1990). This idea
was reiterated in major federal legislation in 1991 with the passage of
the Transportation Efficiency Act, which created a nation-wide system of
interlocking highways and roads. During the Act's passage, proponents
argued that new highway construction was likely to enhance the economic
competitiveness of regions not already linked to multi-lane highway
transportation.

The premise of this paper is that the relationship between new
highways and economic growth can be better understood by consulting with
standard regional economic theory. Two things become evident from
reviewing this literature. First, regional theory suggests questions
which are often more subtle than those traditionally posited. Second,
the answers to these questions do not always agree with the assumptions
informing recent highway development policy decisions.

The theories and models reviewed here tell us several important
things about the likely regional economic impacts of new highways. For
instance, the simple positive relationship between new highways and
economic development supposed by some advocates of regional development
highway systems does not exist. The real relationship is much more
complex and involves winners and losers. Some industries are more
sensitive to highway improvements than others because of differing
production and distribution characteristics. Highways can induce
spatial phenomena like "backwash" and "spread." Highways can contribute
to residential decentralization. Highway effects may vary across time.
Further, the effects of highways depend on the presence of certain

regional "catalysts." This latter point is implicit in the frequent



assertion that "highways are necessary but not sufficient for economic
development" (e.g., Ayers and Freiburg 1976, 43; Toft and Mahmassani
1983, 27; Huddleston and Pangotra 1990, 588; Sears, Rowley, and Reid
1990, 6).

This paper examines regional economic theories and models and
derives the above conclusions. The paper is divided into several
sections. Section 2 examines various regional theories. Topics covered
include trade theory, location theories, regional growth theory,
regional development theory, and growth pole theory. Section 3 examines
regional models. These models are used to make estimates of the likely
economic impact of new highways. Models covered include input-output
and econometric models. These sections are followed by a conclusion
that supports regional development theory. That is to say, the most
important factor determining the effect of a highway on regional
economic growth is where it is built and what it connects, in other
words, its regional characteristics and context. As a consequence, many
of the gpatially isolated declining regions which have lobbied in favor
of increased highway investment are not ideal candidates for further

highway investment.

2. Regional economic theory

2.1 Trade theory

Trade theory explains interregional movements in commercial
merchandise and commodity trade and interregional equalization of
incomes, under the assumption that factor mobility is negligible. It
has been primarily applied to international trade, in which labor and
capital movements are restricted by national regulations, but it is
sometimes used in regional analysis. For instance, Siebert (1969)
combines commodity trade with neoclassical arguments in developing his
model of regional growth.

Ricardo's international analysis is the starting point for most
trade theory. In his model there are two nations and two goods. Each
nation specializes in the good for which it has a comparative advantage.

Comparative advantage is measured by the opportunity cost required to



produce each good in terms of the other good. Transportation costs
involved in shipping goods and raw materials are not considered. Ohlin
(1933) applied Ricardo's theory to interregional trade. Heckscher
(1949) simplified the analysis by assuming that regions will specialize
in the production of goods which intensively use their more plentiful
factors. Neither theory, however, incorporates transportation costs.

By introducing transportation costs into trade theory, the
relationship between transportation improvements and commodity flows can
be analyzed.l For interregional analysis with transportation costs,
comparative advantage will be partially reflected in absolute price
differences at the production sites. The cost of moving goods to market
is another component of comparative advantage. Region i will specialize
in those products which it can produce and transport cheaper than its

regional rival j, that is, products for which:

(2.1.a) (Py + Ti) < (Py

g * T4

)
Therefore, an f.o.b. price advantage can be eroded by a transportation
disadvantage.

Several inferences can be drawn for the relationship between
transportation and economic development. Uniform transportation
improvements will enhance the importance of comparative advantages in
production (as reflected in f.o.b. prices) in regional commodity
specialization. If a transportation corridor linking an uncompetitive
region to markets is improved, production there might become competitive
with other regions. However, the transportation improvement might also
make its markets more vulnerable to competition from other regions.
Each of these situations will be illustrated using market area location

analysis.

2.2 Location theory

Classical locational analysis underlies many of the arguments made
by grass-roots highway advocates. For instance, in von ThlUnen's
agricultural production model, lower transportation costs encourage crop

cultivation to occur further away from the central market location.



This model was extended to urban residential location by Alonso (1964).
Lower transportation costs induce people to locate further away from
their source of livelihood in the city center. These scenarios are
consistent with the popular perception that new highways "open up" a
peripheral region to economic development. Other location models,

however, permit radically different outcomes.

2.2.1 Classical location theory

In classical location theory, transportation costs, agglomeration
economies, resource immobilities, and markets are the primary
determinants of industrial site choice. Dozens of competing frameworks
have been suggested using only these variables. 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; L&sch 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 vs.
national) and reliance on fixed sources of natural resources vary from
industry to industry. The first category of models has been invoked
most often in explaining the location of heavy industry such as steel
and automobile manufacturing. The second category has been used
frequently to explain the location of crop cultivation. The third
category of models (i.e., central place theories) has been used for
"market oriented" industries. Each of these fundamental configurations
responds differently when transportation changes occur.

The concentrated consumer and dispersed producer configuration is
best illustrated using the agricultural location model of von Thiinen
(1966) . This model assumes a market center with consumers exhibiting

perfectly elastic demand for agricultural products surrounded by a



uniform flat plain where crops are cultivated. The plain is equally
traversable in all directions, and a transportation improvement results
in a lower transportation cost for shipping agricultural products to
market. Producers become more profitable, and location rents increase.
Also, the margin of cultivation will increase as production becomes
profitable where it formerly was not. In sum, transportation
improvements extend the range of development, and many of the benefits
accrue to landholders.

An example of the concentrated consumer-concentrated producer
model is the one market, one input model of Weber (1929). The Weber
model suggests an alternative outcome for transportation improvements
between resource and market regions.2 Assume a firm uses a single raw
material produced at R, manufactured at some point I to be determined,
and sold at M. Assuming that production costs are the same at all
locations, the firm will choose the location I along the line RM which
minimizes transportation costs. Let the transportation cost for moving
enough raw material to make one unit of the final good be tgi for
resource materials and the unit weight transportation cost ke ty for
market products. Now, if tm > tg, the firm will choose to manufacture
at the market (M). If tp > ty, the firm will manufacture at the raw
material site (R). Now, assuming that a firm is already located at the
resource site, any transportation improvement which decreases per unit
raw material transportation rates below per unit market shipment rates
will result in a manufacturing location shift to the market.
Alternatively, if a firm is located at the market site and market
transport costs are improved, manufacturing activity will shift to the
raw material location site. If, as it is argued, highways are much more
frequently used for final goods transport than material transport (e.g.,
Kraft et al. 1971, 39), then ty should decrease more than tr-
Therefore, in general, there should be a decentralization of
manufacturing towards fixed resource locations. However, industries
which use highways to transport much of their inputs could show
increasing market orientation.

Central place theory assumes that consumers are uniformly
dispersed across a flat plain that is equally traversable in all

directions and resources are ubiquitous. Free entry ensures that



producers locate in such a way as to exhaust profit possibilities.
These conditions result in a cobweb of hexagonal market areas which
cover the plain. Additional assumptions about market area sizes
distinguish the Christaller and Lé&schian frameworks and result in
differences in market area structures and functional hierarchy
characteristics. These models can be seen as complementary to one
another. Christaller's model explains the spatial structure of
industries such as retail and service industry, while Lbésch's is more
appropriate for market oriented manufacturing (Berry and Parr 1988) .

Decreasing transportation costs may have a disruptive effect on
the central place hierarchy. Spatial demand curves facing each place
will shift outward. Hence, some functions which were formerly
unprofitable at one level of place because of insufficient demand may
become profitable. In that case, there will be a downward shift of
central place functions to lower level centers. Lower order centers
will breach the demand threshold for functions which were formerly
provided only by higher order centers and begin supplying that product
or service. In addition to the spread of functions to lower order
centers, free entry will ensure that additional centers are created to
compete away any windfall profits.

By introducing differences in production costs for a given
function and suspending the equal traversibility assumption, central
place theory becomes recognizable as "market area analysis". Different
scenarios can be illustrated. Following Hoover (1937), assume that two
producers A and B are selling a homogeneous good. The two firmg are
located some fixed distance away from one another. Assume that the cost
of transporting a unit of the homogeneous good is the same regardless of
the direction it is shipped from its shipping points (A and B). Also,
assume that the f.o.b. price at firm A is lower than firm B (i.e., firm
A is a lower cost producer than firm B). This situation is illustrated
in figure la. Note that firm A is able to sell its goods plus
transportation costs at a lower price up to the point y. Likewise for
firm B: it can sell its goods cheaper up to point y. Hence, the market
area border for the two firms is at this point.

Now, assume that a road is built in order to improve intra-

regional transportation up to this market area border for the less



competitive firm B (figure 1b). The effect of this is that line CD
(representing leftward per unit transportation costs for firm B) becomes
CEF. The slope of the original line is less up to the original market
area border y. Thereafter the line resumes its original slope.
Therefore, the market area of firm B has expanded to point x.

Assume that firm A sees its market dwindle and pressures
transportation authorities to improve its intra-regional roads as they
did firm B beyond the previous market border y (figure 1c). The effect
of joining the two improved intra-regional roads is an improved
interregional road. Line HF drops to HG and firm A's market area
expands to z. Hence, uniformly improved transportation between two
centers will benefit the lower cost producer.

An extreme example is illustrated in figure 1d where an improved
road results in the complete market loss for the higher cost producer.
Transportation cost reductions reduce the slope of HG to HI. Therefore,
center A is able to supply the entire gamut.

From this brief review, several inferences can be made. If there
is production price uniformity and equal traversibility in all
directions, transportation improvements can lead to a dispersal of
economic activities to the "hinterlands" (von Thunen, central place
theory). If transportation cost decreases are concentrated in
particular routes (rather than ubiquitous), then the region which
receives the greatest transportation cost reduction can benefit (market
area analysis). If production price differentials for similar goods are
introduced, then transportation cost reduction for a region can be
detrimental for a less competitive hinterland. If both resources and
markets are concentrated, then it is possible that the hinterlands may
be hurt by improved access. For instance, a reduction in raw material
transport cost for a hinterland region will lead to increased market
orientation of manufacturing (Weberian theory) .

As mentioned earlier, location theories have been used to justify
regional development highway projects. This review suggests that they
have been invoked selectively. Increasing polarization or increasing
dispersion of industrial activity are equally plausible outcomes of
transportation improvements. Under certain circumstances, new highways

can be detrimental to regions.



2.2.2 Residential location theory

The urban monocentric model developed by Alonso (1964) is the
principal theoretical tool for examining metropolitan residential
location. It is an adaptation of the von Thinen model to an urban
setting. The metropolitan population is assumed to travel to workplaces
which are located at the urban center. They are also assumed to consume
two items: goods and leisure. Since incurring transgportation time and
costs means consuming less goods and leisure, residents are willing to
pay a premium (i.e., rent) for better access to the work center. These
rents decrease with increasing distance from the urban center.

This framework has been used to explain the phenomenon of
suburbanization. Suburbanization arises from primarily three
developments, increased incomes of residents, population growth, and
lower transportation costs. Alonso assumes that residential space is a
normal good--higher resident incomes translate into a greater demand for
larger lot spaces, which are cheaper on the urban periphery. Population
growth has a similar effect. By uniformly increasing the demand for
residential space, marginal lands on the periphery are brought into
residential use. The construction of metropolitan freeways and mass
transit has also assisted suburbanization. When transportation cost
declines, the premium that any given individual is willing to pay for a
more centralized location declines. This situation is illustrated by
figure 2. Land used for agricultural uses is indicated by the
intersection of the rent gradient and distance axis. Note that
transportation cost declines make the urban rent gradient flatter and
that residences appear in formerly agricultural locations.

An ongoing controversy in the urban literature is whether this
model adequately characterizes post-war decentralization of population.
Industry as well as residences have increasingly chosen suburban
relocation. Alternative models have been created where industrial
location in the periphery is what initiates residential movement to the
suburbs. The counterargument is that firms relocate in the suburbs in
order to be closer to skilled labor inputs. Whether "people follow

jobs" or "jobs follow people" has been the topic of a growing empirical




literature (Steinnes 1982). 1In either scenario, however, new urban
freeways connecting the urban core to the periphery are major factors in
the decentralization of urban populations. A prominent effect of new
highways on urban communities is to spread residential and industrial

development to regions on the urban fringe.

2.3 Regional growth theory

Regional growth theories use mathematical analysis to explain
interregional differences in the rate of growth. These models draw
heavily upon macroeconomic theories of growth. For instance, the
regional neoclassical model adapts the neoclassical Harrod-Domar growth
model by incorporating interregional movements in production factors.
In the closed Harrod-Domar model, the capital-labor ratio is assumed
constant, and a primary result is that steady state growth is achieved
at the natural rate of increase of labor under very specific conditions
(i.e., output growth is equivalent to the savings/capital-output ratio
growth and the natural rate of labor growth).

The neoclassical regional adaptation suspends the fixed capital-
labor ratio assumption and focuses on the achievement of steady state
levels of output per worker. Input flows are key determinants of
regional growth. These inputs are assumed to respond only to
differential rates of return. Under certain conditions,3 this model
implies that there is a negative relation between the growth rate of
income per worker and the level of income per worker. Thus, regional
incomes per worker converge. A number of untenable assumptions are
required, however, and suspending one or more of them can invalidate the
regional convergence result (Richardson 1978).

The poor explanatory power of the neoclassical model of regional
growth for many time periods in the United States has led to additional
efforts to revamp the model. Borts and Stein (1964) introduce demand
and industrial disaggregation. Siebert (1969) adds technological
factors, including transportation technological variables. These
changes have improved the predictive power of the model but have not

assuaged some critics of basic neoclassical assumptions.
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Foremost among the critics are institutional economists, who
believe that the neoclassical models rely on naive institutional and
economic assumptions. Alternative models suggested by Hirschman (1958),
Myrdal (1957), and Kaldor (1970) and formalized by Richardson (1973) and
Dixon and Thirwall (1975) introduce a "Verdoorn effect," which is a
regional economy of scale effect that permits high capital-labor ratio
regions to maintain a competitive advantage over lower capital-labor
ratio regions. Since productivity is proportionally greater in higher
nominal wage regions than lower nominal wage regions, higher wage
regions are able to maintain lower wages per unit product (i.e.,
"efficiency wages"). The result of a sustained Verdoorn effect is
"divergence" in regional output per laborer. Although the formal models
demonstrate the sensitivity of neoclassical models to assumptions about
production economies, they offer little additional insight into the role
of transportation or infrastructure factors in regiomal growth.

Richardson (1973, 1974, and 1975), in contrast, focuses on the
perfect mobility assumptions of the neoclassical models and shows how
resource immobility and changes in the mobility of resources can
influence regional growth.4 Transportation infrastructure improvements
may contribute to regional growth in four ways. First, by augmenting
the region's capital stock with a very immobile type of capital (XK),
transportation infrastructure directly affects the productivity of labor
and regional output. Second, transportation improvements, by decreasing
labor mobility costs between regions (TC), decrease locational inertia.
Third, the improved regional connectivity which results from better
transportation enhances the rate of technical diffusion (T). Lastly,
transportation investment can expand the market area of a region and
contribute to additional demand for regional output (V).

Unfortunately, even in Richardson's model, the overall
relationship between transportation improvements and regional growth is
not always clear-cut. The reason for this uncertainty is the same as
identified in the previous section--the unpredictable effect of
transportation changes on market boundaries. As previous location
theories illustrated, interregional transportation improvements may
expand the market penetration of more competitive regions and induce

increased polarization and uneven regional economic growth. For regions
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with vulnerable markets, a loss of demand may not be enough to counter
the likely positive effects on growth resulting from improved technical
diffusion, increased public capital, and greater labor mobility.
Therefore, highway improvements for less competitive regions may be, at
best, a mixed blessing.

2.4 Regional development theories

Two phrases appear with astonishing frequency in the literature
concerned with the economic development effects of highways. Either
highways are said to be potential "catalysts" of economic development
(e.g., Siccardi 1986, 72; Gillis 1989, 8), or they are characterized as
"necessary but not sufficient" for economic development (e.g., Ayers and
Freiburg 1976, 43; Huddleston and Pangotra 1990, 588; Sears, Rowley, and
Reid 1990, 6). These claims have been examined by regional economists
for years. Regiocnal development theory attempts to identify the precise
circumstances under which policies stimulate regional growth and
development. It differs from regional growth theory by focusing on the
factors that influence whether or not a policy will be effective rather
than on non-policy determinants of regional growth.

Regional development theory can be traced back to the debates that
emerged in post-war development economics. Early economic development
scholars advocated a strategy of coordinating policies in order to
promote balanced industrial and spatial growth and development (Nurkse
1958) . Different regional and sectoral sensitivities to investments
were downplayed. This view was challenged by Hirschman (1958) who
recommended an unbalanced growth strategy of concentrating social
infrastructure in regions and industries where it can be most effective
in stimulating economic growth, even if this aggravates regional and
sectoral inequalities in the short-run. The private sector would
respond to autonomous state actions with induced actions which move the
economy back towards steady state growth. In an unbalanced development
strategy, certain regional characteristics serve as useful public policy
"signals."

The problem for economic development practitioners is recognizing
when the appropriate signals are present. Complicating the choice is

considerable disagreement over what constitutes a useful signal for a
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particular type of public investment. Various typologies and regional
characteristics have been suggested. Similarly, scholars have debated
the efficacy of various kinds of regional investments for particular
regions. Hirschman's (1958) framework is usually the point of
departure. Hirschman argues that social infrastructure investment will
be more effective in developing urbanized regions than in lesser
developed regions, which suffer primarily a lack of private investment.
In each challenge to Hirschman's theory, it is implied that more
disaggregated categories are needed, particularly to understand the best

investment strategies for more industrialized nations where spatial

inequalities are much less severe. Hansen (1965) divides public
infrastructure into economic infrastructure (e.g., highways, sewage
systems, and utilities) and social infrastructure (e.g., education,

health, and nutrition) and further disaggregates regions into congested,
intermediate, and underdeveloped categories. Hansen favors ecoconomic
infrastructure investment for regions at an intermediate stage of
economic development and social infrastructure investment for
underdeveloped regions. An even more disaggregated regional
classification scheme is suggested by Chinitz (1969). TU.S. problem
regions are placed in seven categories based on labor market, growth,
and cultural characteristics.

Other regional development theories focus on the spatial context
of the investment rather than growth and development characteristics.
According to growth pole theory, infrastructure investments should be
concentrated in urbanized areas exhibiting agglomeration and "prior
dynamism" (Hansen 1971). Substantial disagreement exists regarding the
appropriate population sizes for investment candidates though, with
population threshold estimates ranging from as low as 30,000 (Allen and
MaClennan 1970) to as high as 250,000 (Hansen 1970). Biehl (1980)
offers a more exhaustive spatial investment strategy that recognizes the
"gize and spacing of the settlement system" among other things.
According to this view, a region's economic sensitivity to new
infrastructure investment depends on its placement in the central place
hierarchy. What matters is not only the characteristics of the target
region, but also the types of places that are linked with the target

region.
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The optimal regional conditions for new highway investment differ
somewhat from theory to theory. Hirschman says highways should be built
in the least developed regions. Hansen favors "intermediate regions."
Growth pole proponents argue for concentrating new highway investment in
urban areas which exhibit "prior dynamism." Biehl argues that a
constellation of locational and industrial factors are important for
determining good highway investment candidates. To date, no efforts
have been made to test empirically these competing hypotheses. However,
the predominance of growth and urbanization among the selection criteria
makes declining regions seem suspect as choices for new highway

investment.

2.5 Growth pole theory

Growth pole theory encompasses more than the ideal conditions for
fostering planned growth poles. It is also concerned with the elements
of the growth process and the spatial pattern of development induced by
growth poles. According to standard textbook treatments, growth poles
pass through two stages of spatial development. During the initial
period, "backwash" occurs; increasing urban polarization is experienced
and the hinterlands lag behind in growth and development. During the
following period, the region undergoes '"spread"; diffusion of innovation
and growth to the hinterlands occur.

The hypothesized spatial dynamics of a growth pole are illustrated
by figure 3. This figure shows the backwash effects of a growth center
stimulated by new highway investment. One of the initial effects is to
draw industries from the immediate hinterland into the central growth
center because of its more centralized location and agglomeration
advantages. The growth center becomes a greater exporter of services
used in the periphery. However, the loss of jobs to the growth center
leaves unemployed residents with the choice of migrating, commuting to
the growth center, or remaining unemployed.

The increasing concentration of industries and labor in the
vicinity of the growth center will lead to additional economies in
growth center industries. The economic effects of the new highway turn

from primarily redistributive to generative. These economies allow the
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regions consisting of growth center and periphery counties to offer more
competitive goods and services. Therefore, the region is able to
compete more effectively in the provision of goods and services, and the
export-bases of both growth center and region expand.

Although it is not illustrated here, the economic expansion of the
growth center resulting from an expanding economic base eventually
spreads to the periphery. Polarization turns to deconcentration as
households and industriegs seek out lower cost locations in the immediate
vicinity of the growth center. In the end, uniform spatial economic
growth is achieved by taking advantage of destabilizing agglomerative
forces. Richardson (1978) suggests that four to eight years of time may
elapse before polarization is evident and an additional 15 years before
spread effects become noticeable. Therefore, it is conceivable that
even less developed and isolated regions along the highway axis and
beyond may experience some increased economic growth if a longer time

frame is adopted.

3. Regional models

Regional models are used to forecast the effect of exogenous
changes on regional economic activity. They are reviewed here to
illustrate both the relatively crude way that transportation factors
have been introduced and the hazards of using existing models for
predicting the regional effects of new highway construction. Two models

are examined: input-output models and econometric models.

3.1 Input-output models

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 (MRIO) table as a practical, non-survey
approximation of an interregional input-output table which requires

extensive interregional data unavailable in the United States. One of
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its advantages 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 are 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 made by the model®: (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), and (4) trade coefficients are fixed.

The MRIO model can be represented in matrix form as follows:

(3.1.a) X = CAX + Y

where:
X is a vector of regional outputs
C is a matrix of multiregional trading patterns
A is a matrix of regional technical coefficients
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 (3.1.a).

(3.1.b) d(X) = d(C)AX + cd(A)X + cad(X) + 4d(Y)
d(X) - CAd(X) = d(C)AX + Cd(A)X + d4d(Y)
(I - caA)d(X) = d(C)AX + CA(A)X + 4A(Y)

d(X) = d(C) (T - ca)"1ax + (I - ca)~led@a)x + (T - ca)-1d(y)

The final equation 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((¥)). Transportation

improvements may affect each of these variables.
Input-output is most useful for analyzing the sectoral and

aggregate economic effects of short-run expenditure changes. It is most
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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 an exogenous boost in
construction expenditures (i.e., d(¥)), which is sustained over a few
yvears until the project is completed.

The construction stimulus is largely removed once the highway is
completed. Although there may be small multiplier effects associated
with continued state expenditures on maintenance and highway services
(e.g., highway snow removal, surface repair, and policing), the primary
effects will likely occur in other ways. 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.

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 and as a short-run impact analysis tool. It is not a
full-fledged model of regional growth or development (Richardson 1978) .
In order to incorporate transportation influences on regional growth,
each of the components mentioned above must be explicitly modeled.

Several modeling approaches have been used. Stevens (1981)
develops a transportation impact analysis system which uses an
econometric model to forecast the effects of transportation changes on
regional final demand. He does not formally model trade and technical
coefficients but assumes that a region's most competitive industries
(proxied by regional specialization) will gain from transportation
changes. He assumes specialized industries have scale economies which
allow them to penetrate outside markets and make them less wvulnerable to
having their own local markets usurped by extra-regional competition.

Amano and Fujita (1970) develop a more extensive system in which
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regional purchase coefficients, technical coefficients for
transportation and value added sectors, and demand for regional output
are functions of transportation costs. Amano and Fujita's primary
innovation is to make trade coefficients endogenous by invoking trade
theory concepts. Transportation costs among regions for each product
and product prices determine interregional trade flows. Going further,
Liew and Liew (1984 and 1985) make regional purchase coefficients,
technical coefficients for all sectors, and final demand endogenous.
Thus, transportation cost changes not only affect interregional price
competitiveness and trade patterns but also create substitution effects
in the production process.

Two considerations argue against using such input-output models
for examining the post-construction effects of highways. First, input-
output adapted for transportation analysis requires economic data that
is frequently unavailable or costly to construct. The transportation
cost input data needed for methods such as Amano and Fujita (1970) and
Liew and Liew (1984 and 1985) must be constructed from scratch, which
entails considerable time and effort. Also, input-output tables may not
always be reliable for such analysis. They are based on constant-scale
assumptions and technologies which might rapidly become obsolete during
the period of analysis.

The second and more compelling argument against these methods is
that they ignore some of the ways that new highways shape regional
growth. These methods are designed primarily for measuring the effects
of interregional transportation improvements and borrow heavily from
trade theory. They ignore the role of external economies and
residential location choices, factors that may not be important for
determining the effect of improvements such as river navigation projects
but are important determinants of the economic effects of new highways
(Kraft et al. 1971; Hale and Walters 1974; Briggs 1980). Therefore,
these input-output models are seriously limited in what they can tell us

about the post-construction effects of new highways.
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3.2 Regional econometric models

Most econometric models have a short-run demand orientation and
are geared toward examining the effects on industry output and
employment of alternative expenditure levels. Consequently, changes in
regional industrial composition, capital stock, and productivity are
rarely emphasized, and transportation variables are generally absent
(Bolton 1985). In instances where the transportation sector has
received attention, it has been because transportation costs are a
necessary part of the policy simulation, not because of a fastidious
concern for scientific exactitude. Examples of transportation-rich
econometric models include the Harvard Macroeconomic Transport
Simulation Model (Meyer 1971) and the Multiregional, Multi-Industry
Forecasting Model (MRMI) (Harris 1972, 1974 and 1980).

The Harvard Model was primarily developed for use in
underdeveloped countries. According to Straszheim (1972), 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 countries 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 multiregional, multi-industry forecasting model (Harris 1974)
was developed for a developed, industrialized country and is more
similar to conventional econometric models.8:9 Regional output is
specified as a function of transportation costs and other firm location
factors. Output, in turn, appears in other model blocks such as
invegtment. The reason for this specification is that transportation
costs, in addition to other factor prices, determine location rent.
Location rents, in turn, are competed away by in situ expansions and
industrial relocatiomn.

Like the transportation augmented input-output models reviewed
earlier, each of these econometric models has weaknesses that may limit

its usefulness in regional analysis. First, model specifications are
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relatively crude by the standards established by recent econometric
models. Because the models are designed for transportation simulation,
they tend to emphasize transportation influences at the expense of other
important determinants. In all three models, the interregional,
economic-demographic linkages are simplistic, and the non-transportation
interregional linkages are weak. Exports and imports are not explicitly
modeled nor are capital and labor movements.

An even dgreater problem, that harkens back to the industrial
location theory discussion, is the dubious quality of the input data.
As Bolton (1985) observes "many of the (transportation) data are created
by multiple assumptions about unobserved relationships." The Harvard
Model and Harris model use synthetic transportation input data created
using linear programming techniques. Like the input-output tables
discussed earlier, the transportation simulation assumes constant
economies and ignores the role of urban residential location decisions
in regional growth. Therefore, they too may not capture a substantial

part of the impact of a new highway.

4. Conclusion

This survey of regional economic theory and models permits several
generalizations about the likely economic effects of new highways.
During the construction stage, the economic effect depends on the extent
of intra-regional and interregional linkages and the magnitude of
construction expenditures. During the post-construction period,
benefits may emanate from the improved diffusion of technology, greater
mobility of labor, and improved public capital, but the biggest economic
growth effect should come through residential and industrial location
decisions. When location theories are examined for clues about the
effects of transportation improvements on regional competitiveness, one
finds that several different outcomes are possible.

At one extreme is the von Thinen model, in which a highway
improvement opens up the periphery to further economic development.

This model may be most appropriate for explaining residential location
decisions in the vicinity of urban areas and the location of market-

based agricultural production. However, it cannot be generalized to all
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industries and regions. At the other extreme is the market area
analysis model in which one producer has an strong competitive position.
In this model, connected regions may become more vulnerable to market
penetration as a result of improved access. The upshot of these models
is that simple statements about the likely effects of new highways
should be avoided. Each region should be evaluated on the basis of its
competitive characteristics.

Important determinants of regional competitiveness are the level
of urbanization and "prior dynamism." Regional economic theory suggests
that urban areas are better situated to take advantage of service and
product market expansion because of their centralized locations and
greater agglomeration potential. However, these advantages may not
translate into gains for urban centers. At the same time that
concentration of production occurs because of increasing scale economies
and the expansion of market boundaries, residential decentralization
from the urban core may be encouraged by the easier accessibility to
urban job sites. If the latter pattern follows the former, we may
observe spatial dynamics similar to that of "backwash" and "spread"
suggested by growth pole theory.

This literature provides little support for those who advocate new
highway construction for declining rural regions, particularly those
regions with few urban areas and few competitive industries. Unless
they are in the proximity of more urbanized regions or have a hidden
development potential, they are unlikely to experience new growth as a
result of the opening of a new highway. Indeed, the highway improvement
link may contribute to further losses in economic activity.
Unfortunately, because of strong assumptions made by exigsting regional
economic models that are more appropriate for primarily long-haul
interregional transportation modes, it is difficult to accurately
forecast the economic effects of new highways before they are built.
Since the theories and models examined here suggest nothing more precise
or conclusive than these generalizationg, it is necessary to consider
the empirical evidence to help £ill in the picture. This is the

objective of another paper.
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ENDNOTES
1. This discussion is based on Kraft et al. (1971).
2. This analysis is based on Richardson (1978).
3 Among the stringent assumptions required are: (1) all factors are

employed, (2) markets are perfectly competitive, (3) one homogeneous
commodity is produced, (4) complete interregional mobility of
commodities and production factors (i.e., zero transport costs), (5)
regionally identical production functions with constant returns, (6) a
fixed supply of labor, and (7) no technical progress (Richardson 1978).

4. Von BOventer (1975) offers a model of regional growth which is
similar, in many respects, to Richardson's model. The structural model
consists of three equations: an income equation, a labor force equation,
and an investment equation. Von Bdventer adds more industrial structure
variables and subtracts wage variables which he interprets as the
effects of growth rather than causes of growth. However, like
Richardson, transportation improvements can influence regional growth
through several channels.

5. This analysis is based on Liew and Liew (1985).
6. The output equation looks as follows:

injt _ F(TQijt—l, TIijt—ll WR:E-1, VLijt—ll Qijt'lf EQijt_lr MBijt_l'
Ms;3t-1, cesyt 1, pEw;jt-1)
where:
d denotes change between year t and t-1
Q is output
TQ is the transport cost of a marginal unit of output
TI is the transport cost of a marginal unit of input
WR is the annual earnings per worker
VL is the value of land per acre
EQ is equipment purchases
MB is the output of the major buying sector
MS is the output of the major supplying sector
CGS is a highway congestion index
DEN is population per square mile
i is industrial sector i
j is region j
t is year t

7. An updated version of the Harris model re-specifies some of the
equations, including the output equation, but retains much of the same
structure (Harris 1980). Furthermore, transportation costs of shipping
and obtaining marginal units of products from a region are still
estimated with the aid of "shadow prices" obtained from the dual of a
transportation cost minimization linear programming algorithm.
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