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Economists interest in the question of publicinfrastructure productivity
has grown steadily sincethe 1980s. This paper reviewstheliteratureon
thistopic with a particular focus on transportation’s economic impact.
Cumulativeevidencerevealsthat, fir &, estimates of theelagticity of output
with respect to public capital havedeclined over timeand arecurrentlyin-
distinguishablefrom zero. Second, highwayshavelocal negative spillover
effectsthat arisefrom economic activitiesbeingdrawn toinfrastructure-
rich locations at the expense of adjacent areas. Third, transportation
infrastructureis subject to congestion, which reduces the productivity
of such infrastructur e even when stocksremain constant. Finally, high-
ways consistently enhancethe productivity of manufacturing firmseven
when they do not do so for firmsin other sectors.

Istransportation economically productive? The answer to this ques-
tion isno small matter. Over the past half century, the United States
has built the world’' s most extensive transportation system, the bulk
of which involved laying in over 160,000 miles of Interstate and
other National Highway System roads (1).

Judtificationsfor creating thisexpanse of publicinfrastructure have
evolved over theyears. A common thread, however, isthe notion that
transportation infrastructure makes the economy more productive.
Over the past 20 years, agrowing number of researchers have studied
thevalidity of thisjustification through amuch broader question: istotal
government capital, usually defined astransportation infrastructure,
water facilities, and sewer systems, economically productive?

Although this broader question may cloud the waters somewhat,
lessons|earned from thisbody of research have highly focused impli-
cationsfor thetransportation professionsfor anumber of reasons. First,
transportation comprises the single largest component of most pub-
lic capital stock estimates used in studies. The Bureau of Economic
Analysis (2) estimated that in 2003, transportation infrastructure
accounted for 35% of the estimated $5.5 trillion in total state and
federa (nonmilitary) fixed assets. Other large categories of public cap-
ital included education structures (19%); water, power, and sewer
facilities (15%); and commercial, office, and residential structures
(12%). Fraumeni (3) reviewsthese and other estimates, revealing the
many ways that public capital can be measured and categorized.

Second, there is a strong theoretical and intuitive connection
between transportation and productivity. An enormous literature on
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agglomeration economics suggests that distance adds cost to most
economic transactions because time and energy must be spent to cover
distance. Thus, improving transportation should make the economy
more efficient by reducing the amount of timeand energy necessary to
cover distances between firms, consumers, and employees. By thisrea-
soning, transportation infrastructureisfrequently perceived toinflu-
ence productivity morethan other typesof public capital. Mikelbank
and Jackson (4) provide athorough summary of the link between
transportation, economic development, and productivity.

Finally, transportation investment decisionsare strongly influenced
by thefederal government viathefederal transportation bill. Because
of this, and because transportation is the single largest component of
total public infrastructure, policymakers frequently equate “public
capital” with“highways.” Thus, research analyzing public infrastruc-
ture can affect transportation investment policy more strongly than
the other types of government capital listed above.

The present challengeisthusto review and discuss the findings of
thisgrowing literature with afocus onimplicationsfor transportation
professions, including planning and policy. This paper beginswith a
review of evidence on transportation and total public capital produc-
tivity. Thissection highlightsthe three most common methodol ogies,
generally following the evolution of theliterature. The paper then
addressesthe question of spillover effects; that is, whether economic
impacts of infrastructure are contained within a specified region.
This section addresses the question, “if ahighway has positivelocal
effects, do they come at the expense of other jurisdictionsinthelarger
region?’ Findly, thecumulative evidenceis summarized, and abroad
interpretation is offered of some of the major results and trends.

STUDIES AND RESULTS
Aggregate Production Function Studies

The aggregate production function (APF) has been the most common
tool used to study the economic productivity of public infrastructure.
The most basic model postulates that national output Y isafunction
of afew variables:

Y = Alf(K L,G)] @
where f is an unspecified function of private capital K, labor L, and
exogenoudy supplied publicinfrastructure G. The constant A describes
total factor productivity. To estimate the model, most researchers

assume a Cobb—Douglas functional form:

Y = AK“LPGY )
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Taking natural logs and adding an error term forms the estimable
equation

INY=InA+alnK+BInL+yInG+e€ (3)

whereyisthe elasticity of output with respect to public capital. The
elasticity, mathematically defined asdY/dG * G/Y, isinterpreted as
the percent change in output resulting from a 1% increase in public
capital. Marginal productivity, then, is calculated asMP =y * Y/G,
revealing the return to each dollar invested in public infrastructure.

Differencesamong research resultsarise primarily from differences
in data classification and model specification. Datavary in levels of
geographical aggregation (United States, regions, states, metropolitan
areas, counties), and public capital can be disaggregated to varying
degrees, thereby testing the effect of different types of public infra-
structure. Moreimportant ismodel specification. Therearemany vari-
ations of the Cobb—Douglas model, and afew researchershave used
alternative functional forms. Within the Cobb-Douglas framework,
different assumptions are possibleregarding returnsto scale, and for
any specification, the error term may be expanded to control for vari-
oustypes of estimation bias. Each of these possible variations affects
the qualitative nature of research results. These topics are addressed
asthey arose in the evolution of the literature.

Theideaof adding public capital to an APF hasbeen around at | east
since Arrow and Kurz (5), although Ratner (6) wasthefirst to explic-
itly develop such amodel. Using the Cobb-Douglasfunctional form,
Ratner found public capital to significantly improve firms' produc-
tivity with an output elasticity of 0.058. Hismodel, which included
avariable to control for time trends, was estimated using aggregate
public capital for the entire United States.

Ratner’ sresults stimulated interest in the question of public capital
productivity, and by the end of the 1980s awave of research reached
journals. Among these were Eberts (7) and da Silva Costaet a. (8).
Thesetwo studiesbroke new ground by assuming atranslog functional
formfor firm production. Thetransl og specification is shown below
withY, K, L, and G as natural logs.

Y =a+bK +cL +dG + eK? + fL? + gG® + hKL
+iKG + jLG + € 4

The primary benefit of this model isits reduced parametric form.
By including quadratic terms, returnsto scale can be tested within
themodel rather than imposed onit, asisfrequently donewith the
Cobb-Douglasform. Further, interaction terms provideinformation
about whether any two inputs are complements or substitutes. Eberts
(7) used a cross-section of manufacturing data for 38 metropolitan
areasto calculate ajust-significant output elasticity of 0.04. Using
avariant of Equation 4 with value added as the dependent variable,
da Silva Costa et a. (8) found public capital to have a positive and
highly significant effect, rejecting the possibility of aCobb-Douglas
specification.

Interest in the question of infrastructure productivity reached a
fevered pitch following research by David Aschauer and Alicia
Munnell, who used updated capital stock estimatesto estimate very
high output elasticities. Using nationa data, Aschauer (9) determined
nonmilitary public capital over the span 1949 to 1985 to have had an
output elasticity of 0.39, and that the corresponding value for “ core
infrastructure,” including highways, masstransit, airports, and water
and sewer facilities, was 0.24. Munnéell (10, 11) published two studies
in 1990. Thefirst used revised national public capital stock estimates
to recalculate Aschauers's model. Results confirmed high output
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elasticitiesranging from 31% to 39%. Concerned that national-level
studies captured spillover effects nonexistent at smaller geographies,
Munnell (11) estimated state stocks of public capital. Usedinasimilar
model, these less aggregated data suggested alower but still qualita-
tively impressive eladticity of 0.15, with highways alone contributing
0.06. Together, these resultswere extraordinary becausethey implied
that government capital offered abetter rate of return than other types
of investment at the time and was more beneficial to output than pri-
vate capital. For example, Munnell’s state data suggested that $1.00
spent on government infrastructure increased national output by
$0.60, arate twice as high as private capital for the period studied.

Theélasticitiesfound by Aschauer (9) and Munnell (10, 11) were
corroborated by other researchers. For example, Holtz-Eakin (12),
Ram and Ramsey (13), and Ford and Poret (14) each used national
datain Cobb—Douglas specified APF modelsto calculate el asticities
of 0.39, 0.24 and 0.39-0.54, respectively. The upper range of Ford and
Poret’ sresults suggested arate of return near 100%. Eisner (15) used
state-level datain a model similar to Munnell (11) to calculate an
output elasticity of 0.17. Findly, Garcia-Milaand McGuire (16) found
highwaysto be productive at the state level with an elasticity of 0.05.

Asevidence accumulated that government spending on infrastruc-
ture had positive effects on productivity at the national and state lev-
els, some researchers and politicians reasoned that the falloff in
infrastructure spending beginning around 1973 may have partialy
contributed to the period of sluggish productivity in the following
decade (12, 17). Several conferenceswere held in the early 1990sto
address the so-called infrastructure crisis.

At the same time, however, asecond wave of research surfaced
to challenge the astonishing productivity results implied by the
bulk of the previousresearch. Initialy, it was argued by Aaron (18),
Jorgenson (19), and Hulten and Schwab (20) that the high valuesand
wide range of output elasticity estimates rendered the overall con-
clusions circumspect. Thisbroad question of robustness led to more
specific methodological criticisms. Thefirst wasthat time-seriesdata
are not stationary and must be detrended to eliminate spurious cor-
relation. Related to this, models estimated using state or metropolitan
areacross-sectional datawere criticized for not controlling for region-
specific effects. In other words, in astate model, public capital invest-
ment and productivity increases could each beabyproduct of variation
in state economic vitality. Finally, researchers considered the pos-
sibility of reverse causality, theideathat rather than public capital
increasing productivity, rising productivity increased governments’
ability to finance public capital or stimulated demand for suchinfra-
structure (or both). These criticismsarewell summarized in reviews
by Munnell (17) and Gramlich (21).

Two early attempts to address some of the above criticisms were
made by Eberts and Fogarty (22) and Tatom (23). The first set of
authors examined the question of causality by testing whether pub-
licinvestment led privateinvestment for 40 metropolitan areasfrom
1904 to 1978. Their results were ambiguous, however, due to their
finding that the direction of causality depended on whether the metro-
politan areagrew rapidly before or after 1950. Tatom (23) tested for
stationarity, determining that merely using log levelsintroducesbias
into the results. He addressed this problem by translating variables
to first-differences and adding a time trend in the error term. First
differencing uses changesover constant timeintervals, for example,
(Yagra—Yios3; Yigra—Yi0s4)- Using afirst-differenced Cobb-Douglasmodel
including energy as an input, Tatom (23) found no evidence that
public infrastructure significantly affects national productivity.

Further research refined the APF approach. Evansand Karras (24)
tested avariety of error specificationsin both Cobb—Douglas and
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translog models. Their “best” model used afirst-differenced Cobb—
Douglas model detrended for state and time effects. Using disaggre-
gated public capital estimates, the authorsfound strong evidence that
educational capital is productive but that all other types of govern-
ment capital, including highways, are unproductive, and frequently
negative. These conclusionswere substantiated by similar studiesby
Sturm and de Haan (25) and Holtz-Eakin (26), who raised the ques-
tion of using fixed versusrandom state effects. Hefurther offered the
possihility of using long-differences, or differences over al possible
time periods, for example (Yigrs—Yioss; Yior—Yiess)- EStimating avariety
of models, Holtz-Eakin (26) concluded that “findings of a statisti-
cally and economically significant, positive elasticity for public sec-
tor capital arean artifact of restrictions placed on the error structure.
When using more appropriate techniques, themost plausible estimate
of this elasticity is zero.”

In similar work, Garcia-Milaet al. (27) rigorously and systemat-
ically evaluated various Cobb-Douglas specifications to arrive at a
model using first-differences (versuslevels) and fixed state effects
(versus no state effects or random effects). Their model, estimated
with disaggregated public capital stock estimates, suggeststhat high-
ways have anegative output elasticity of -0.058. Krol (28) achieved
the same qualitative result using both Cobb-Douglas and translog
specifications.

Recent research using the APF explores subtler questions of pub-
lic infrastructure productivity than does earlier work. For example,
Kelgjian and Robinson (29) tested for spatial autocorrelation in
theresidual term of avariety of Cobb—Douglas specifications. This
approach, which will be discussed further in the section on spillover
effects, suggested that total public capital and highways contribute
negatively to output. Other research by Holtz-Eakin and Schwartz (30)
that focused on spillover effects confirmed adightly negative output
elasticity of highways.

Boarnet (31) and Hulten (32) independently made a conceptual
breakthrough by noting that if infrastructure is productive, it is so
because of the serviceit provides (mohility, inthe case of highways).
Moreover, they recognized that streets and highways are subject to
congestion that can reduce the flow of services, even when capital
remains constant. Boarnet (31) examined the differential impact of
increasing the size of highway stock (i.e., expanding capacity) versus
using the existing highway network moreefficiently. Using California
county datain a Cobb—Douglas production function that controlled
for congestion, Boarnet (31) determined that “ transportation policies
should focus at least as much on reducing congestion as on building
more street and highway capital.”

Finally, Fernad (33) confronted the question of causality by hypoth-
esizing that if highways are productive, industries highly dependent
on transportation should benefit disproportionately from expanding
highway infrastructure. A refutation of thishypothesiswould indicate
that causality runs from productivity gains to infrastructure invest-
ment. Fernald (33) developed a Cobb-Douglas model that included
variablesfor both the amount of transportation infrastructure and the
flow of service it provides. Using national data disaggregated by
industry type, he found that over the period 1953 to 1989, vehicle-
intensiveindustries benefited disproportionately from road building,
which suggests causality from roads to productivity. However, he
also found returns to be much higher before 1973 than after, and
concluded that

theindustry data do not support the view that roads offer an abnormal
return at the margin, or that returning road growth to pre-1973 levels
would raise productivity growth to pre-1973 levels. In essence, the
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evidence suggests that the massive road-building of the 1950's and
1960's. . . offered aone-timeincreasein thelevel of productivity, rather
than a continuing path to prosperity.

Aggregate Cost Function Models

Although not as frequently used as the production function, the
aggregate cost function (ACF) offersamore theoretical approachto
understanding not only if but how public capital is productive. The
basic model buildsan ACF for firmsin aspecific geographic areaor
industry:

C= 1Y, X,R,t)+ RK + RG (5)

Inthisequation, fisan unspecified variable cost function dependent
on output Y, avector of variableinputs X, avector describing the
prices of variable inputs Py, and atime variable t measuring dis-
embodied technical change. Variable public inputs such as services
extracted from highway and water infrastructure are included in X.
Theremaining two cost function terms arefixed private inputs K and
publicinputs G with corresponding prices. If firmsarethought to bear
no cost of public capital investment, thelast term isdropped, and the
entire effect of public capital comes through variable costs.

Thisframework captures potential cost savingsfrom infrastructure
investment through “ shadow values.” If government buildsahighway
that is useful to firms, cost savings are realized through their ability
to reduce the levels of other variable cost inputs. From this shadow
value, it is possible to calculate the cost elasticity of public capital,
defined as the percent change in costs resulting from a 1% change
in public capital. Infrastructureis productiveif thiselasticity isneg-
ative. Morrison and Schwartz (34) noted that under the assumptions
of constant returnsto scale and instantaneous adjustment, cost elas-
ticity has the same magnitude and opposite sign of output elasticity
determined with the APF method using equivalent data.

The ACF has several interrelated advantages over the production
function method. Qualitatively, the cost function morerealistically
model seconomic decisionsmade by firmsby acknowledging theinflu-
ence of factor priceson firms' decisions. Because prices (and tech-
nology) arethe only exogenous variablesin the cost function model,
output and inputs are set endogenously (as afunction of prices) and
itispossibletotraceindirect effectsof changesin public capital. These
indirect effects reveal whether public capital either complements
or substitutes other production inputs. APF models, in contrast, do
not consider pricesor costs, taking only inputs as exogenous. Cost
function studies arelimited, however, because historical price data
istypically available only for manufacturing firms, whereasinput
estimates are much more widely available.

In the earliest application of the cost function to study the produc-
tivity of public capital, Keeler and Ying (35) considered how the
U.S. Federa-Aid Highway System affected the cost structure of the
trucking industry from 1950 to 1973. Using atranslog cost function
with data aggregated by U.S regions, the authors found, perhaps
unsurprisingly, that the U.S. Highway System significantly reduced
the costs of trucking firms, with acost elasticity of —0.073. Deno (36)
took adlightly different approach by estimating a profit function for
manufacturing industriesin 36 standard metropolitan statistical areas
(SMSASs) over the period 1970 to 1978. This approach differs only
dightly fromthecost function by adding arevenueterm and by assum-
ing that firms maximize profit rather than minimize costs. Using data
disaggregated into water, sewer, and highway public capital, Deno
(36) found that total public capital increased the output with an elas-
ticity of 0.688. The equivalent figurefor highwayswas0.313. Deno’'s
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(36) research aso made an early attempt to capturetheflow of services
from public capital by “apportioning.” However, hismethod, which
multiplied acity’ spublic capita stock by the percent of the population
employed in manufacturing, did not capture congestion, and thislikely
inflated hisresults. Lynde and Richmond (37) employed atranslog
model similar to Keeler and Ying's(35) to study the effects of pub-
lic capital on the U.S. nonfinancial corporate sector from 1958 to
1989. They tested modelsfor avariety of econometric restrictions,
ultimately preferring constant returnsto scale. The authors disaggre-
gated public capital into federal and state and local componentsbut did
not distinguish between different types of infrastructure. They found
that public capital provided by all government levelssignificantly
reduced costs.

Thesethree early ACF studies cumulatively suggested that public
capital increased output by magnitudes on par with the research of
Aschauer (9) and Munnell (10, 11). Following the “infrastructure
crisis’ debatein theearly 1990s, Nadiri and Mamuneas (38, 39) pub-
lished two cost function studieswith more moderateresults. Thefirst
tested U.S. manufacturing firms' responseto publicly financed infra-
structure and research and development (R& D) capital from 1955 to
1986. They specified atranslog cost function with constant returns
to scalein private inputs and used a more sophisticated apportioning
method than did Deno (36). The model, estimated using national data
disaggregated only by industry code, suggested that both types of
government capital significantly reduce costs, although the cost elas-
ticity for infrastructure was much lower than previously calculated
values. Across 12 manufacturing sectors, elasticities ranged from O
to —0.21 with an average of —0.13.

The second study published by Nadiri and Mamuneas (39) focused
ontransportation’ sexclusiverolein reducing production costs, spec-
ifying asymmetric generalized M cFadden cost function. Theauthors
estimated themodel using several aternative econometric procedures,
arriving at afinal model using first differenced data and controlling
for spurious correlation and reverse causality. They also attempted to
extract service flow from transportation capital by using apportioning
techniques similar to those used in their previousresearch. However,
their “ capacity utilization” method did not capture network congestion.
Using an extensive data set that included 35 sectors of the U.S. econ-
omy over roughly four decades (1950 to 1989), Nadiri and Mamuneas
(39) calculated an overall output elasticity of 0.05 and concluded
that since the end of the 1980s, “there appears to be no evidence of
under or over-investment in highway capital.”

Finally, Morrison and Schwartz (34) employed a variable cost
model to study theeffectsof infrastructure (highways, water, and sewer
capital) on manufacturing firms' cost functionsin U.S. regionsfrom
1971 to 1987. They used a generalized Leontief specification with
price defined as marginal cost to determine significant cost savings.
However, recognizing that government money spent on infrastructure
has alternate uses, they used the “social cost” of investment levels
to qualify their results and ultimately compute cost—benefit ratios.
In their words,

when a social price of public infrastructure capital is recognized, the
net valuation in terms of cost savingsis lower, although still positive
over most years and regions . . ., but the cost-benefits of additional
infrastructure for manufacturing firms alone may be smaller, on aver-
age, than the price of thisinvestment.

General Equilibrium Models

Throughout the development of the APF and ACF literature,
researchers have struggled with the limitations of these methods. Fun-
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damentally, production and cost function studies deliver productivity
estimates without providing much insight into full market reactions
to an increase in public infrastructure. While production functions
assume perfectly inelastic factor inputs, and cost functions assume
fixed prices, thereis evidencethat neither assumptionisvalid, par-
ticularly at state and metropolitan scales. Haughwout (40) noted that
“if households and firms are mobile across regions, then wages and
land valueswill vary in responseto infrastructure provision, and the
ACF and APF approaches can not adequately estimate the marginal
productivity of public capital, let aloneitssocial value.” Thus, the
closdly related concepts of price variability and factor mobility cannot
be addressed by traditional models. This shortcoming will be further
addressed in the discussion of spillover effects. Haughwout' s state-
ment al sorai sesthe point that cost and production function studieshave
no way of determining the utility of public capital to households.
Thisisno small oversight, however, because households*“ consume”
infrastructure at least as much as firms, frequently voteit into exis-
tence, and usually pay for it. Further criticisms of the production and
cost approaches arise from data i ssues. Because these approaches
require either price or input data, models are restricted mainly to
manufacturing sectors because disaggregated data for other sectors
arerarely available.

The general equilibrium approach to the problem of public infra-
structure productivity offers attractive solutionsto these and other
issues. Toillustrate abasic example and clarify the above discussion,
Haughwout' s (41) model isfollowed. Firms produce output as with
Equation 1, but minimize costs, defined as

C=WL+PZ (6)

whereWisthewageratefor labor L, and Zisalocal land input with
rent P,. Households maximize utility obtained from consuming
output Y, land Z, and public infrastructure G, represented by

U=UY,206 M

but are constrained by afixed incomeearned by inelastically supplying
one unit of labor in the production process. Thus,

W=RY+PZ ®)

Firms and househol ds compete for scarce land until they reach
spatial equilibrium such that households everywhere have constant
utility and firms everywhere have constant costs. Equilibrium condi-
tion isdefined by aparticular rent structure and wage structure across
the region, with corresponding equilibrium inputs and prices.

Thismodel hasseveral characteristicsrelevant to the previousdis-
cussion. First, households are included in the model, thus capturing
the“social” utility of infrastructure. Second, both inputs and prices
are determined endogenously, thus allowing mobile factor inputsto
move in response to changes in public capital. In the model, public
infrastructure is productive if dY*/9dG is positive, where Y* is the
equilibrium output level. Haughwout (41) demonstrated using com-
parativestaticsthat itisimpossibleto predict thesign of thisexpression
without specifying functional formsfor technology and preferences.
Thus, in the face of increased pubic infrastructure, areduction in
firms' costs does not necessarily imply that output increases, or vice
versa. Thisresult arises because household utility complicatesthe
interaction between input costs and output.

Drawing on these lessons, Haughwout (40) expanded this model
framework to include multipleregionsand estimated it using datafor
select U.S. metropolitan areas. Each metropolitan areaoffered afixed
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land market with mobility allowed among cities. Firmscould enter and
leave the market but were constrained by zero profits. Furthermore,
Haughwout (40) calculated the flow of services from public capital
by dividing capital stocks by total population, roughly capturing
congestion. Hismodel suggests that public capital was significantly
productivefor the period 1972 to 1992. This productivity, however,
accrued primarily to househol ds, whilemarginal productivity tofirms
was quite low.

Haughwout was not the first researcher to employ the general
equilibrium approach to this problem, however. Thefirst such effort
was made by Holtz-Eakin and Lovely (42). Their model considered
the productivity of public capital in atwo-sector economy with man-
ufacturing and nonmanufacturing firms (and no households). This
model allowed the authorsto examine how an exogenousincreasein
public capital redistributed scarce resources between sectorsaswell
asthe number of firms. Using state datafor the period 1972 to 1987,
Holtz-Eakin and Lovely found few unambiguous results. However,
they found that public infrastructure provides cost savings to man-
ufacturing firms, thusincreasing the overall number of manufacturing
firms, but the net two-sector effect was likely to be negligible.

Next, Dalenberg and Partridge (43) employed afirm-household
spatial equilibriummodel similar to Haughwout' s(40), with theimpor-
tant difference that Dalenberg and Partridge focused on the impacts
of highwaysasopposed to total infrastructure. Using state-level data
from 1972 to 1991, the authors estimated the model twice: once for
the total private sector, and once for manufacturing firms only. As
with Haughwout (41) their results suggest that highways act more
as a household amenity than as an unpaid input to firms. The results
also support previous research suggesting that highways benefit the
manufacturing sector more than others.

Morerecently, Rudd (44 ) and Mamuneas and Nadiri (45) expanded
the theoretical envelope of general equilibrium models by endoge-
nizing government behavior. In these models, households and firms
demand infrastructure investment. The government responds to the
demand, financing infrastructure through taxation. Thus, public cap-
ital investment decisions are made within themodel and are dependent
on the behavior of firms and households. Rudd (44) estimated such
amodel for asingle cross section (1980) of 40 SMSAsusing public
capital disaggregated into various components. He found that total
SMSA capital stock was productive with amodest output elasticity
of 0.08. Highways alone contributed significantly to output with an
elasticity of 0.07. Rudd’ s results, however, are limiting because his
model relied on only one year’s observation. Addressing this limi-
tation, Mamuneas and Nadiri (45) estimated a similar model using
ahalf-century of data (1949-2000). In their model, which focuses
exclusively on transportation infrastructure, government adjusts
capital investment and taxation to minimize* deadweight 10ss” inthe
economy. Resultsindicate that the rate of return to highway invest-
ment was highest (and roughly constant) from 1949 to 1959 but has
steadily declined since then. From 1990 to 2000, rates of return were
very close to long-term interest rates, implying, according to the
authors, “that the highway capital isoptimally provided.” Finally,
the estimated marginal benefit to consumers steadily rose over the
study period, whilethe marginal benefit to firms peaked in the 1980s
and has since declined.

SPILLOVER EFFECTS

A key question studied by an increasing number of researchersusing
avariety of modeling methods is whether highways and other pub-
licinfrastructure have spillover effects. Spillover effectsarisewhen
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aparticular economic activity has uncaptured (and frequently un-
intended) consequences beyond the scope of the activity. For public
infrastructure, there exist two contrasting theories. Thefirst posits
that infrastructure has positive spillover effects; that is, the“ network
effect” of highwaysyields aggregate productivity gains beyond the
sum of loca gains. Thenetwork effectstheory suggeststhat if one state
builds ahighway network, that network will be more productive if
it is connected to alarger network of, say, surrounding states. This
theory arose when early APF studies revealed greater productivity
at greater level sof aggregation. According to Munnell (17) “the most
obvious explanation isthat, because of |eakages, one cannot capture
all of the payoff to an infrastructure investment by looking at asmall
geographic area.”

Morerecently, researchers have theorized that transportation and
other public capital could have negative spilloversat local geographies.
Following this theory, productivity gains realized by infrastructure
investment are to some extent offset by productivity lossesin neigh-
boring jurisdictions. Losses arise because current and future economic
activity may be drawn to thelocale with theinfrastructureinvestment
and away from otherwise equivalent areas.

The challenge, then, isto determine whether spillover effectsare
positive or negative, and at what scale they occur. Evidence hascome
fromavariety of empirical studies. Atthelargest levelsof aggregation,
evidence hasbeen largely anecdotal, following Munnell’ slogic. How-
ever, anumber of researchershavefocused on spilloversat the state,
metropolitan, and county level.

Holtz-Eakin and Schwartz (30), Kelejian and Robinson (29),
Haughwout (46), and Boisso et al. (47) each considered spillover
effects at the state level. Holtz-Eakin and Schwartz (30) added a
“neighboring states’ term to a standard APF model and found no
statistically significant evidence that theamount of highway capital in
adjacent states affected a state’ s economies. Kelgjian and Robinson
(29) confirmed thisresult using asimilar approach. Boisso et al. (47)
offered contradicting evidence by employing Mamquist indexesto
measure productivity growth. They found that “ neighboring states’
highway capital contributesto productivity growth,” clarifying that
thisgrowth resulted from improved technol ogy. Haughwout (46 ) took
an alternative approach, considering the impact of infrastructure on
house prices. Hismodel offered detailed evidence for both state- and
metropolitan-level spillover effects. He found that the level of state
infrastructure had negative impacts on central cities and suburban
house values, but that central city infrastructure had apositive effect
on suburban house values. This second result confirmed previous
metropolitan-level research by Haughwout (48).

More recent research on spillover effects utilizes smaller geog-
raphies. Studies by Rephann and Isserman (49), Boarnet (50), and
Chandraand Thompson (51) all estimate productivity to firmsat the
county level. Thefirst set of authors used quasiexperimental matching
methods to examine regional effects of interstate highways. They
categorized all U.S. counties receiving highway investments from
1965 to 1984 asurban, suburban, or rural, and they also defined coun-
ties adjacent to those receiving the highways. They found that in
response to highway construction, suburban counties benefited the
most, urban counties benefited a small amount, and rural counties
received no measurable benefit. Adjacent counties were found to
encounter many negative effects, the most significant of which was
loss of retail activity.

Boarnet (50) used Californiacounty datafrom 1969 to 1988 to reach
similar conclusions. Hisresearch first devel oped atheoretical model
of two competing cities showing that if one city gets a productive
(exogenous) increase in highway investment, then mobile factors
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such as capital and labor will migrate toward that city in response
to wage and price changes. The net theoretical result is that output
increases in the city receiving the highway come at the expense of
theother city. Drawing on thelessonsfrom thismodel, Boarnet esti-
mated an APF model similar to that of Holtz-Eakin and Schwartz
(30), with the difference that more than one“ neighbor” parameter
was developed. Boarnet (50) concluded that “ street-and-highway
capital is associated with higher output within the same county and
with lower output in countieswith similar population density, income,
or employment sharesin the FIRE sector.”

Most recently, Chandraand Thompson (51) focused on theimpacts
of highwaysonrura U.S. counties. Usingamodel based onHotelling's
(52) model of spatial competition that accounts for the age of the
highway investment, the authors found negative spillover effects.
Counties receiving highway investment showed statistically signif-
icant gainsintotal earningsroughly adecade after construction, with
specific gainsin Foundation for Intermodal Research and Education
(FIRE), retail, and transportation and communication sectors. Adja-
cent counties were shown to receive asmall boost in manufacturing
earnings but asteady, consistent declinein retail and farming indus-
tries. The authors interpreted the evidence to indicate that “ high-
ways raise the level of economic activity in the counties that they
passdirectly through, but draw activity away from adjacent coun-
ties, thereby leaving the net level of economic activity unchangedin
non-metropolitan areas.”

SUMMARY AND INTERPRETATION

The research presented above draws together an enormous amount
of theory and data. Cumulatively, theresultsare highly variable and
frequently contradict one another. Nonetheless, there are common
themesin the research, and even seemingly contradictory resultscan
bring to light relevant trends. The following discussion highlights
severa of thesetrends.

First, research methods have continually improved over the history
of public capital productivity research, increasing the robustness of
recent work relativeto earlier work. Methodol ogically, research pro-
gressed from simple production and cost function studies to highly
theoretical general equilibrium models. Thegeneral equilibrium model
is an attractive framework for studying the productivity question
because such models can capture direct and indirect consequences of
economic disturbances, model benefitsto householdsaswell asfirms,
and measure spillover effectsby allowing economic activity to migrate
towhereitismost productive. According to Haughwout (40), general
equilibrium models “emphasize the importance of infrastructure
investmentsin affecting therel ative attractiveness of places, potentially
redirecting growth frominfrastructure-poor areasto those which have
invested more heavily.” Thisisnot to say that the simpler models,
such asthe APF, arewithout merit. Although early models may have
suffered from misspecification, theliterature has shown anincreasing
awareness of the importance of empirical specification, and recent
APF research has proven fruitful in studying specific aspects of the
link between infrastructure and productivity, as demonstrated by
Boarnet (50).

Second, the question of whether highways have positive or nega-
tive externalities depends on thelevel of geographic aggregation and
time period studied. For example, itisentirely possiblefor aspecific
transportation investment to simultaneously have positive and neg-
ative externaditiesat different geographic levels, apoint emphasized
by Mikelbank and Jackson (4). For example, network effects could
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strengthen amultistate region whileinfrastructure-poor countieswithin
that region lose economic activity to infrastructure-rich counties. It
should be noted, however, that the evidence for negative spillover
effectsisstronger than that for positive network effects. Further, if pos-
itive network effectswere ever present, authors such as Fernald (33)
suggest that they are subject to diminishing returns. In other words,
one highway network might be productive, but a second one prob-
ably isnot. This perspective could hel p explain the consistent empir-
ical result that estimated returnsto highway and other public capital
investments have declined over time.

Third, inapoint highly related to the previous discussion, the pro-
ductivity of transportation infrastructure cannot be adequately mea-
sured or discussed without addressing congestion. Asnoted by Boarnet
(50) and many others, mohility iswhat istruly productive about trans-
portation infrastructure, and congestion compromises mobility. This
fact may also help reconcile early studies suggesting large output
elasticitieswith more recent research indicating low (possibly zero)
elasticities. Intuitively, returns to highway investment were high
when travel speedswere unconstrained, but as congestion increased,
investmentsin highway capital were less productive on the margin.

Fourth, the research cumulatively suggeststhat highways are and
continue to be productive to manufacturing firms, even when they are
not to other sectors. Thisisan interesting result, possibly explained
by the fact that shipping is more important to manufacturing firms
than other sectors. Moreover, manufacturing firmsrely on Interstate
transportation more than intraurban transportation; thus, congestion,
whichismostly an urban phenomenon, may not affect manufacturing
as severely asit does service sectors.

Finaly, there are notable omissionsin the body of research sum-
marized above, and many questionsremain. Primary among these
ishow differing types of transportation investment might affect the
economy. For example, resurfacing and widening are two types of
highway investment. Although Boarnet (31) touched onthisissue, his
APF resultsarefar from definitive, particularly inthelight of improved
genera equilibrium models. Moreover, public transit and highways
aretwo different types of transportation infrastructure. No effort has
been made, however, to study the differential impacts of these two
types on urban areas. Given the fact that congestion continues to
increase on urban networks, thisisno small oversight.
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