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Abstraet

This paper presents an exlensive discussion of the literature on the economic
jmpact of public mvestment on mlrastructures both for the US and internationally. The
paper ex pands the focus ol previous surveys by concentrating on cmpirical econometric
studics aboul the effects ol public invesiment as well as on the evolution of the
methodological issues motivated by criticisms.

From the empirical results reported in the lilerature, there is a general cvidence that
sugpests thal nonmilitary public investment contribules significantly to output growth and
production costs reduction, not only as a dircet input to production function, but also by its
influence on private factors of production. This evidence raises the importance of the
endogeneily of private mmputs and also public investment, as well as the direction of
causalilty. The studies performed al sectoral and regional levels show very ollen
unbalanced effects from public invesiment, Moreover, as the geographic focus narrows,
the estimated elasticities with respect to public capital become smaller, which suggests the
existence of spillover effects.

Keywords: public investment, production function, cost function, VAR models.

Resunmo

() artigo € um “survey” da literatura sobre o impacto ccondmico do investimento
piblico em infra-estruluras nos Fstados Unidos e noulros paises. O arfigo expande a
andlise de “surveys” anteriores ao cenlrar a andlise nos resultados dos estudos
econométricos aplicados, bem como ao enfatizar a trajectoria que a investigacio seguiu
em resultado da identificacio de problemas metodologicos de base.

De uma forma geral, os resultados empiricos sugerem que o investimento piblico
nao militar contribui significativamente para o crescimento do produto ¢ para a redugio
dos custos de produgdo, quer como factor produtivo, quer através da influéneia que cxerce
nos restantes factores. Lista cvidéncia reforga a importancia da endogencidade dos factores
de produgdo privados ¢ do investimento publico ¢ ainda a questio da direcgdo da
causalidade. Os estudos realizados aos niveis sectorial e regional apresentam,
frequentemente, eleitos heterogéneos do investimento piblico. Acresce ainda que quanto
maior a desagregacdo geogrfica da andlise, menores tendem a ser a clasticidades
estimadas. Tal situag@o sugere a existéneia de eftitos de “network™,

Palavras-chave: investimento publico, lungio de produgio, fancdo de custo,
modelos VAR,
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1. Introduction

In the US, the slowdown of output growth in the 70s was justified by the slowdown
of public invesiment in infrastructures. In several African countries, the absence of
infrastructures network seems (o condemn the entire continent to poverty. In the Eastery
European countrics, the cconomies recovery seems (o depend, in large scale, from the
reconstruction of obsolete infrastructures. In the particular case of Germany, the
unification process that followed the Berlin Wall fall down, motivaled the interest for the
investigation about the effects of public investinent in infrastructures since about 70% of
the infrastructures in the former East Germany was obsolete. It is not surprising that n the
FEuropean Union, the development stralegy, in the last iwo decades, of the countries
evolved in a process of real convergence, like Spain, Greece, Ireland and Portugal, has
been based on the execution of public investment projects n infrasiructures.

By all these reasons, the last two decades have witnessed a fast growing body of
literature focusing on the role of public investment in infrastructures. In this lileralure, the
debate has centered around four major issues. The [irst is the issue of the possible
existence of an infrastructure deficit, reflecting a slowdown in infrastructure spending in
the recent past. The second issue is the delermunation of the relevance of infrastructure
spending on economic performance, and, in particular, on the determination of whether or
not public capital is productive. The third issuc pertains to the relationship between the
productivity of privatc and public capital and, in particular, on the determination of
whether or not public capital is morc productive than private capital. Finally, the fourth
issue has to do wilh the leasibility and desirability of using infrastructure spending as a
counter-cyclical tool to promote shorl-term economic policics. These very pertinent
questions raise many controversial and complex issues (sce Hulten and Schwab (1993) lor
a detailed discussion of these four issues).

In this paper we focus on the empirical literalure addressing the sccond issue, 1.e.,
the cconometric determination of the effects of public investment on private seclor
performance. This means that we focus exclusively on econometric studies. We consider
studies on the contribution of both aggregate and disaggregale public capital to private
economic scetor performance; that is, studies that analyze the question of whether public
capital is productive, which types of public capital are more produclive, and the
transmission channels. Two important surveys on the effects of infrastruciure investment
in the U.S. are Munnell (1992) and Gramlich (1994). In surveying this empirical literature
we follow the methodological econometric debate that successively has led lo the
gstimation of production functions, cost functions and, more recently, VAR models
including public capital variables.

‘The comparison of the results in the empirical literature on the determination of the
impact of infrastructure spending is a rather difficult matter. There are threc main reasons
for that. First, the literaturc has uscd a varicty of econometric techniques, which makes
similar terms, like elasticity or marginal product not always comparable. Also, most of the
literature on the effects of public infrastructurcs focuses on the effects ol public
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investment on private output and is not designed to address its impact on private inputs.
gecond, the definitions of public mvesiment used in the literature vary wildly, This
Jifficulty assumes larger proportions in international comparisons. Finally, the locus of
(he analysis 1s not always on the private sector. Olten it is a regional or an industrial

focus.
This survey is organized as follows. We start by analyzing resulls [or the U.S.
economy, by level of data aggregation and then we review other international literature on

(his subject. The present discussion ends with the enumeration of the main conclusions of
(he literature, highlighting the consensual and non-consensual leatures still in debate.

7, Empirical Evidence for the U.S.

Recenily, we have witnessed a fast growing body of literature devoted to the
investigation of the impact of public infrastructure on the performance of the private
seclor. This explosion of rescarch has yielded a variety of estimates providing supporting
and non-supporling evidence on public capital’s role. ITowever, most of the literature can
he traced back lo the work of Aschauer (1989a, 1989b) on the relation between public
sector capital accumulation and private sector performance. The key message of
Aschauer’s papers is that the stock of public infrastructure, as well as (he stock of private
capital, may be a key in explaining changes in the U.S. private seclor oulput.

Belore Aschauer’s work, and in a dilferent context, Arrow and Kurz (1970), Eisner
(1980) and Schultze (1981) had already suggesled that thc apparent slowdown in U.S.
productivity growth in the 1970s might be attributed to the slowdown the growth of
government capital relative to private capital. This conjecturc was later confirmed by
several studies (sce IToltz-Eakin (1988), and Ram and Ramsey (1989)) which suggest a
significant impact of public capital on private sector productivity. The reason why
Aschauer’s and not other’s [indings had a greater impact and stimulated much of the
subsequent research, was the unexpected result contained in his paper (Aschauer (1989a))
that the clasticity of private output wilh respect to private capital was between 0.34 and
0.39. These eslimates imply an annual marginal productivity ol public capital of about 70
cents on the dollar, which is approximately Lhree times as great as the estimated return Lo
private capital. It is also much greater than previous estimates of the marginal products of
public capital. The work of Aschauer peneraled immediately a large body of supporting
literature (see Munnell (1990), Holtz-Eakin (1989) and Eisner (1991)).

This early body ol literaturc follows in one way or another the terms of the debate
and the methodological approach sel forth in Aschauer's seminal contributions. In fact,
the debate on whether public capital is productive has focused on the size of the elasticity
of output with respeet to public capital as implicd by estimales, in a univariate and static
framework ol production functions relating labor, private capital and public capital, to
outpui.
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In practice, this relation may be cxpresscd as:
¥ :-"i:,' j-'{Li.rrﬁi.'- Gr’:} 3 (21}

where Yit represents (he level of private output of a country, region or scctor i in period t:
Lit represents the level of cmployment; Kit is the stock of private capital; Gil represents
the stock of public capital; and Ait* is an index intended to reflect tactors that affect
output like the productive capacity utilization rate, the evolution of technology and other
non observable factors, like geographic localization, climatc and natural resources. By
this index it is possible to caplure all deviations of oulput from its cquilibrium level,
which are related to the inlensily of demand.

Although the general implication ol the resulls aboul the role ol public capital to
production accords with cconomic theory, the magnitude of the effects emerged from
agprepated lime series studies has generated a raft of criticisms. On one side there are the
argumenls (hat the estimatcd impact of public capital on private sector outpul is
implausible high. This issuc is cven more serious since those studies conclude that the
stronger cffects come from slate and local infrasiructure and, in particular core
infrastructure, which was, in 1988, about one half of the total state and local nonmilitary
public capital. Furthermore, it is hard to accept that public capital’s impact on private
output is greater than that of private capital, considering that parl ol the ellecis goes o
social and welfare goals, not reflecled in oulpul varations. This skepticism is also
reinforced by the large dillerence of results magnitude between aggregate and regional
studics. The last studies provide lower and more acceptable estimates. Munncll (1992)
recognizes that the cocfficients for public capital tend to be smaller as the geographic arca
dcercases in size, from the national level lo regional and stale levels. This situation tends
to suggest that the spillover benefits from infrastructure investment are not completely
caplured when tested in a region smaller than the national arca.

In a different vein, several studics raiscd several cconometric problems that could
have justified those incredible high estimates in the aggregate studies. A first problem has
to do with stochastic trends. Jorgenson (1991) shows that after correcling lor non-
stationarity there is conflicling evidence on the elfects of public capital on output.

A second problem has to do with misspecification duc to missing vanables that
might be correlated with the stock ol public capital, like energy and investment and
development investments. In this context, some papers (Aaron (1990) and Tatom (1921))
provide a comparative analysis by re-estimating Aschauer’s specification with the
inclusion of other variables. These authors conclude that the earlier empirical results
which are based on the production function approach are built on “[ragile statistical
foundations™ and should be viewed with extreme skepticism. The advice is toward the
importance ol undertake careful analysis with other functional forms and other variables
when the resulls seem oullandish, as was the case of previous studics.
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A third cconometric problem concerns the direction of causality belween the
owth rate of infrastructure capital and he growth rate of private output. The general
conclusion is that causation may be more from ontput lo infrastructure capital.

From all this discussion, on methodological issues, there arc two main open aspects
for which the production ﬁm{?tion app_mach is‘ not able to give an answer. First, there is
the question of the potential sl.multa{leu}f -::III‘ private scctor varia!::-ifas. In a related vein, the
putcniial endogeneity of public capital, being affected by the private sector variables is
also a concern. Second, the production function approach is static in nature, accounting
only for the cuntcmpm}mum}s l't._t]HtIDI'EH between ippllls levels and the oulpul ]:t:vef. The
past values of variables, bemg i1gnored, arc considered not relevant to explain current
variations, which is a priori a very strong assumption making difficull the identification of
the whole spectrum of effects of public capital on output,

The cost and prolil [unctions approaches are developed within a multivariate
context framework with (he estimation of the dual cost and profit funetions and derived
inpul demand systems. These approaches provide, therefore, a clear answer to the [irsl
problem above mentioned regarding the simullaneity of private variables. For firm i, the
optimization problem may be expressed as a cost minimization (or a profil maximization),
given the inputs prices and the output level. This condition may be stated as;

Min  Cp=w Lo+ K; rz; M;
Ky Ly Mg : (22)
sa. Y= ;-"(L,-, KiMpd, G]

where 1 is an index for firm i; C represents lhe production costs; w, 1 and z represent
prices of labor, private capital and intermediate inputs, respectively: i, Ki and Mi
represent guantitics of labor, private capital and intermediate inputs, respectively,

The total effect of public capital on output is measured by the magnitude of the
production cost reduction due to an increase of the level of public capital, considering the
public capital’s effects on the demand for private sector inputs. The signs of these indirect
elfects provide information aboul the natwre of the relationships between inputs, The
effect of public capital, expressed in terms of cost reduction corresponds to the cosi side
concept equivalent to the marginal product in the production function framework, and it is
scen as a shadow price, or a proxy of public capital’s (rue market price.

Within this context, Lynde and Richmond (1991) estimate translog cost [unctions,
while Lynde and Richmond (1993) cstimate translog profit functions, All of them supporl
Aschauer’s results on the important role of public capital infrastructure on the
productivity of privatc sector.

Neverthcless, the cost and profit functions approaches do not eliminate completely
the problem of possible endogeneity of variables. Although private inputs are no longer
exogenous to the level of output, and the indireet effects of public capital on output are
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taken into account, public investment continucs to he considered an exogenous variable,
not being affected by private sector variables, That is, the public capital’s endogeneity
remains unsolved and the relationship belween public investment and outpul continues o
be unidirectional. Also, the cost and profit functions approaches remain static in nature,

not accounting for the whole effccts of lagged shocks in variables.

The recognition of the importance of considering dynamic elements and the
potential reverse causation from oufput to public capital led to the adoption of the Vector
Autoregressive Model (VAR) approach, as an allernative lme of rescarch. This
methodology was pursued by Pereira and F lores (1999) and Pereira (2000, 2001a, 2001b),
In this context, a VAR model is estimaled, in which a limited number ol variables ig
distingnished, and where each one is explained by their own and other remaining
variables past values. The model, of order p to be cstimated, VAR(p), may be represented,
in very general terms, by the following gquation:

x, =ap +apf 4 fy x4 By xp3 4.t By X HECE +e, (2.3)

where xi-i are vectors of the endogenous variables under consideration; 1 arc matrices of
parameters, with i =1, .. p; 40 and al are vectors of deterministic components; ECTt is
the crror correction term; et is a vector of residuals; and p is the order of the model.

The adoption of the VAR approach makes more difficult the comparison of results
wiili those obtained within the context of olher approaches. Besides the rcasons already
mentioned like differences in data and in the focus of the analysis, now similar terms like
clasticity and marginal product are not comparable with the way such lerms arc used in
the context of production and cost functions approachcs. Within the VAR approach, these
concepts include all the dynamic feedbacks among the variables. That s, they measure
hoth the direct effects of public investment on outpul and the indircct effccts of public
investment on output, through changes in the cvolution of private inpuis. All the above
mentioned studies, despite the adoption of different measures of variables, find statistical
significant direct and indirect cffects of public input on private sector outpul.

Siudies with a sectoral focus are not abundant. The reason is probably due to the
difficulties inherent in getling the nccessary data. This explains also the [act why mosl
studics conceniratc on analyzing specific sectors, in particular on manufacturing. The
studies range from those using the production function approach fo those which eslimate
cost functions. Costa et al. (1987), Ternald (1993) and Pinnoi (1992) estimatc 4
production function, while Holleyman (1996) and Nadiri and Mamuneas (1994, 1996)
adopt the cost funclion estimation,

"I'he gencral conclusion s that the cstimated elasticities tend to be smaller than the
ones estimated by Aschauer, and that public capital seems to affect industiies differently
Also, industries rcact differently lo different components of public infrasiructure. The
evidence provides support to the conclusion that, in gencral, manufacturing industries
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e to beneficiate from public investment, in particular from investments in highways,
hei,ug buildings and water and sewer systems. On the other side, the agriculture seclor,
“r_{il'uuvlmll},r q declining sector, does not scem to take many dividends. On the indirect
L[;}aclbi of public capital on output, the results are mixed and once more strictly connccted

1o each industry characteristics.

Once more, most of the literature does not address (he total [inal ellects of public
capital on out pul, since p”b.lm capital remamns an EXOgenous varl_ah_le nol being e%l‘i‘e:;ied
by shocks in the private variables. Also, these studies remain sta.h{: i nature. In fact, the
functions specifications do not allow for lagged cffeets on variables. However, Percira
and Andraz (2003a) is probably the first study to cstimate the total cffects of public
investment on private sector performance. The empirical results are based on VAR/ECM
models for the US economy and for twelve industries covering the whole spectram of
economic activity in the US. Empirical results at the aggregate level indicate that public
investment affects positively private inputs as well as private output. These aggregale
results, however, hide a wide varicty of industry-level etfects. Indeed, empirical results
suggest that public investment tends to shift the scctoral composition of employment
toward construction and transportation and the composition of private investment toward
manufacturing, public utilities, and communications. Twithermore, public investment
tends to shilt the composition ol privale ouiput toward construction and durable
manulacturing and to a lesscr extent toward transporiation and wholesale trade.

Aschaucr's work has also inspired research on the impact of public capital
formation with a regional, state and mefropolitan [ocus. Using data scts to estimate
nation-wide production functions, different papers provide evidence that supports
Aschauer's conclusion. Among them are the studies ol Eberls (1986, 1990b), Duffy-Deno
and Eberts (1986), and Costa ct al. (1987).

The evidence reported by studics using regional, state and local U.S. data docs not
completely eliminate the divergence of cstimates on the impact of public capital on
production. Nevertheless, the estimated cffects are lower and more acceptable than the
effccts reported by studies using aggrepate national level data. The main conclusion of
this litcrature seems to be, paraphrasing Garcia-Mila et al. (1996), that no evidence of a
positive linkage between public capital and private output has been found within the
production function framework.

One possible explanation for the inconclusive nature of this literature on the
regional effects of public capital is that it ignores spillover effcets (sce, for example,
Boarnet (1998)). Indeed, it could be argued thal spillover ellects should be an integral
part of the analysis of the rcgional impact of public capital formation. The positive etfects
of public capital lormation in a region can be induced by public infrastructures installed in
the region itself. TTowever, Lhe better accessibility of a region can be generated by a
greater public capital formation installed in other regions. This leads us lo the coneept of
spillover cffeets of public capital formation, i.c., the fact that a region may benefit from
public infrastructurcs installed elsewhere. Pereira and Andraz (2003b) deal directly with
the possible existence of regional effects of public investment and the possible existence
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of regional spillovers in the US. The empirical results suggest that only @ small fractioy
of the aggregate effects of public investment can be caplured by the direct ellects in each
stale from public investment installed in (he stale itself. Indeed, these direct effecig
account lor only 20% of the aggregate effects of public investment identified by (he state.
specific models. In turn, the spillover effects captured by the different states from public
investment undertaken elsewhere correspond (o 80% of the total aggregale cffects of
public investment. This establislies the empirical relevance of regional spillovers of public
investment and suggests that many stales benefit substantially from public investment
undertaken outside their boundarics. In another paper, Pereira and Andraz (2004) expand
this investigation on the regional incidence of the aggregate cffects of public mvestment
in the US taking into consideration the possible existence ol regional spillovers. Empirical
results allow onc to establish scveral stylized facts. First, public investment aflects private
sector variables positively at the aggregale level as well as in most states. Second, overall,
the spillover effects of public investmenl arc at least 80% of the total effccts [or all private
sector variables. Third, the spillovers have a clear geographical pattern in that they tend to
be more imporlant in westermn states and the corridor between the Great Lakes and the
Gulf Coast. Fourth, public capital formalion has contributed to concentration of private
sector activity in the largest slates.

Other reason for the divergence of results among studics has to do with the use of
different methodologies. Most studies usc the production function approach, which do noi
consider (he indirect elfects of public capital on oulput, through the impacts on labor and
private capital. Further evidence is provided by studics of Morrison and Schwartz (1992,
1996) using the cost function approach, The authors conclude (hat public capilal in
motorways and in water and sewer syslems provide imporfant cost savings lo
manufacturing production, even if the state and region specific elfects are excluded from
analysis.

3, Other International Empirical Evidence

The problematic of the effects of public capital stock on a country’s economic
developmenlt became soon a worldwide concern, giving rise lo several studies using dati
from other countries.

Most studics focus on one single country using dilferent approaches ranging from
the static single equation approach lo the dynamic multi-equations approaches. Among
these countries arc the Furopean countries, like Germany, Portugal, Spain, Sweden and
the United Kingdom, where the problematic of the infrastructure cndowment and its
connection to regional economic development has assumed particular importance in the
context of the Curopean Union,
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1.1 Empirical evidence for Germany

In Germany, the unification process that began with (he fall-down of the Wall of
Berlin, led to a special molivation for the analysis of the economic benefits of public
infrastruclure investment. Information about its impacts on private scetor productivily has
heen considered absolutely necessary in order to allocate efficiently the public investmenl
expenditures in the process of reconstructing, since about 70% of the infrastructure

equipment of the ex-East Germany was, at that time, completely obsolete or scrapped.

Several papers usc exclusively the cost function approach to detect the productivity
effects of public capital in German economy. Among them arc studics by Seitz and Licht

(1995) and Seit7 (1995).

Recognizing the importance of the spatial dimension of public investment, Scitz
and Licht (1995) exploited regional differences i public capital provision to identify its
impact on manu facturing industry in cleven states of the ex-Wesl Germany, On average,
there are important production cost savings m almost all regions due to public investment,
especially in those that represent the largest areas. Using local data, [or 85 cities, Scitz
(1995) finds also important cost reductions. All these studics are consensual in that public
and private capilal are complements, that is, public infrastructure crowds-in private
capital, and that public infrastructure is labor saving, that is public capital and labor are
cubstitutes. This substitution relationship between public capital and labor is due to (he
fact that private inputs are found (o be substitutes.

3.2, Empirical evidence for Portugal

The rclative backwardncss of the Porluguese economy vis a vis the Curopean
Union pariners justified the cstablishment of structural funds programs after 1989,
towards the development of a modern transportation infrasiructure network, intended to
improve (he accessibility to interior regions and the insular islands, as well as to external
markets, reducing therefore the impact from the country’s peripheral geographic position
relative (o central European countries. Therefore, over the last decade, the strategy of
development in Portugal has been largely bascd on the development of transportation
infrastructures.

Interestingly enough, despite the central role ol public infrastructure development
and the intuitive knowledge of the relative scarcily of public infrastructures in Porlugal,
no information was available on the actual impact of this development strategy due (o the
absence of (he most basic data on public investment itsell.

However, the problem of the abscnce of a data set has now been largely solved.
Indeced, the construction ol a detailed databasc of public investment in transportation
infrastruciures was just recently concluded (see Pereira and Andraz (2001)). This database
mcludes data on public investmenlt in national roads, municipal roads, highways, ports,
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airports, and railways, by districts and by regions (NUTS II) and covers the period from
1974 to 1998. The construction of this database opencd the door to a long investigatioy
process aboul the effects of public investment on the Porluguese economic performance.
Pereira and Andraz (2005) present the evidence ol such effects at national level ang
identify the mos! productive infrastructures. The evidence al sectoral level is presented by
Pereira and Andraz (2003¢), while the cffeets at regional level are presented by Pereiry
and Andraz (2003d). Those empirical studics reveal an imporlant role of public
investment in transporlation infrastructures. The authors found thal, in the long-temn,
aggregate public investment crowds in private investment as well as employment. More
importantly, il has a positive effect on output. Indeed, one euro invested in public
investment increases output in the long-term by 9.5 euros. This figure suggests that publie
investment pays for itself 3.3 times in the form of tax revenues over the life span of the
public capital assct. Furthermore, the marginal product figure corresponds to a rate of
relurn of 15.9%. This rate ol return is clearly higher than the rate of relurn expected oy
privale invesiment activities.

The analysis at scetoral level makes clear that the high positive aggregale ellects of
public investment on private employment mask a wide disparity of rcsults at the mdustry
level. In absolute terms, the industries that benelil the most from public investment are
Construction, Trade, Transportation, Finance, Real Estate, and Services, In turn, relative
to their size, the industries thal benefit the most arc Mining, Non-Metal Produects, Metal
Praducts, Construction, Restaurants, I'ransportation, and Finance, and, therefore, public
investment tends (o shift the industry mix toward these industries,

To identify the regional effects of public investment, the authors estimate region-
specific VAR models relaling private sector variables in a region to public investment
located in the region itself. In doing so the authors find that while public investment in the
region has positive effects for most regions, the sum across regions ol these marginal
products is well below the marginal product cstimated for the whole country at the
ageregale level. This suggests the possible existence of spillover effects from public
investment in other regions.

To identily the actual relevance of the spillover effects of public invesimeni, the
authors estimate region-speeific models relaling private sector variables in the region (o
both regional public investment and public investment outside the region. In the regional
models, both public investment in the rcgion and public investment clsewhere are
considered. Empirical results suggest that spillover effects are very important and account
for at least 70% of the overall positive effects of public investment. These spillover
effects have a clear geographical pattern in that they tend to be more important in the
central regions, of Centro, Lisboa e Vale do Tcjo and Alentejo and less so in the
peripheral regions of Norle and Algarve. Furthermore, the empirical results suggest thal
although public investment has been a powerful instrument to promote long-term outpul
growth, employment and private investment in Portugal, it docs so in a way that is rather
unbalanced across regions. The authors conclude that public investmeni has markedly
contributed {o the concentration of economic aclivily in the Lisboa ¢ Vale do Tejo arca,
and therefore has contributed markedly to the macrocephalia of the country. Also, pubhe
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did not secm to have a significant impact to slem the tide of demographic

inviest ment ; : ,
ion in Alentcjo region.

liesﬁl'liﬁﬂfﬂ
3.3. Empirical evidenece for Spain

The Spanish cconomy is analyzed by several studies, which oscillate on
methodology between the production and the VAR approaches. Studies using the
production Rmction are, among others, Bajo and Sosvilla (1993), Garcia-Fontes and de la
Figuera (1994), using aggregale data at national level. Mas el al. (1993, 1996) f-:ncug un
regions. The studies using the VAR approach, also vary on the level of data aggregation,
Elores et al. (1996) use data at the aggregate national level, Pereira and Roca (1998, 2001)
report sectoral evidence, and Pereira and Roca (1999) focus on regions.

The studics of Mas et al. (1993, 1996) adopt Aschauer’s (1989a) methodology
hased on partial equilibrium models, and find positive and statistically significant effcets
of public capital on private sector oulpul, providing, thercfore, supporling evidence of
Aschauer’s conelusion for Spain. The estimated outpul elasticities arc 0.24 and 0.62,
respectively. A much lower estimate, of 0.19, is reported by Bajo and Sosvilla (1993),
which use the capital variables measured in terms of [lows and considers all categories of
public investment and not only the core public capital [as Argimon et al. (1993)] or the
productive capital including transportation, hydraulic infrastructures and urban structures
[as Mas et al. (1993)]. It is worthy to note that the resull reported by Argimon et al.
(1993) accords with the U.S. literature |Aschauer (1989a) and Munnell (1990)] on the
large elfects of core infrastructure, within which transports are included, on output. Once
more, the estimates arc substantially reduced, when the variables are corrccted for non-
stationarity.

The studies using the VAR approach may be considered an expansion of previous
studies, in the scnse that all public capital’s effects on output, and not only (he direct ones,
are considered, by accounting for the possibility of variables endogeneity. Also, the
possibility of considering lagged effects, represent a large step, relative the other studies,
in providing the accurate estimates of the effects. All studies report positive ellects of
public capital on private output.

Regarding the indirect effects of public capital on output, all the mentioned studics
arc consensual about the evidence that public capital and private inputs are complements,
that is, public infrastructure crowds-in private capital, and stimulate employment.

3.4. Empirical evidence for Sweden

The evidence for Sweden is provided by Bemdl and Hansson (1992) and
Andcrsson el al. (1990). Berndt and Hansson (1992), estimate a cost function for the
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private and the manufacturing sectors and Andersson et al. (1990) estimate a regiong|
production function. While the former uses core infrastructure as a measurc of public
mvestmenl, the last uses proxies for transportation and education invesiments. The
gencral conclusion is that increases in public inftastructure capital reduce costs in private
and manufacturing scetors and that total production is slatistically influenced by road,
airport and R&D capacily.

3.5. Empirical evidence for the United Kingdom

Lyndc and Richmond (1993a) approach the problem of estimating the impact of
public capital on production for the United Kingdom, by using the dual relationship
between the production technology and the cost function. There is evidence of g
significant role of public capital on the manulacturing sector production. The authors
[ound that, in the period up to 1979, its contribution was of approximately the same order
of magnitude as that of changes in the private capital-labor ratio, accounting on average
for about 17% of productivily growth. However, during the 1980s, the contribution of
public capilal to produetivity growth was negligible, cven negative on average, and the
total factor productivity accounted for more than 80% (o productivity growth.

4. Summary and Concluding Remarks

The discussion of the effects of public investment on productivity has been
developed through the estimaling of cither static uni-equation or dynamic multi-equations
frameworks. The main aspects regarding the methodologies were deseribed, as well as
their main limitations and advantages. The cost funclion approach tumed out to be the
solution to some drawbacks inhcrent to production approach, in particular by the use of
more information, like mputs prices, and by the possibility to consider the potential
endogencity of inputs accommodating, thereby, feedback adjusiments of private sector
inputs and outpul in responsc to shocks in public capital stock. However, most studies
using these approaches do not address the treatment of the statistical properties ol time
series data, with dramatic consequences on OLS estimators’ properties.

The studics using (he vector autoregressive model approach, in which public
investment is analyzed within the framework of an economic system, nol only explore
statistical properties of data, but also consider in detail the question of the endogeneity of
both private and public variables. In other words, the distinguish feature between this and
the remaining approaches lays on the difterence belween total cffect and partial cffect of
public capital on growth. Although it is possible to limit the focus of one’s analysis and
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nol account for the [ull systemic effcets r_;f infrastructure investment, il is important (o
o shortcomings of such exercise. Other imporlant issue of VAR approach is its
o pature, by considering the inlluence of lagged effects. In turn, both production
functions approaches are static, considering only the effects of contemporaneous

pote (h
dynami
ﬂl'ld cosl
shocks.

The empirical results review calls attention to several aspects. First, there is a

eneral evidence that suggests that non mi_litarg.,r public inlvestment contri blllf:'S significantly
1o output growth, production costs reduction allfl profil increases, nol only in the U.S. but
also in many other countrics. Second, the madgmtudﬂ of effects varics considerably among
studies because of differcnces i econometric methodology, variable definitions, studics
focus and the level ol data aggregation. Third, the carlicr studies, at national level,
estimate output elasticities with respect to public infrastructure capilal that range lrom
about 0.30 to 0.40. It 1s believed that those estimates are too high, and are motivated by
several methodological problems. There appears (o be a convergence of opinions toward a
much lower cstimate al aggregate level. Fourth, as the geographic locus narrows, the
estimated elasticities with respect lo public capilal become smaller. This resull suggesls
the existence of spillover etfects. Fifth, the inclusion of variables capturing region specific
characteristics on productivity overlummed results thal had been previously oblained
without their inclusion. Finally, sixth, public infrastructure investment contnbutes to
prmluclivil}! as a direct input to production function and by its influcnee on private factors
of production. This evidence raises the importance of the endogeneity of inputs and points
also to the direction of causalily among inputs (public and private) and between oultpul
and public capital.

In addition, all studics have been challenged on conccptual and econometric
grounds, from which we should take some considerations as guidclines to our rescarch.
Studics about the impact of public infrastructure investiment should be based on flexible
functional forms in order to accommodate the complex relationship between public
capital and private sector mputs and output. Moreover, public infrastructure investment
and private seclor output arc potcntially inter-related and the simultancous relation
between them should be [ully considered. Before the estimation ol effects, tests should be
undertaken in order to avoid spurious relations and lo guarantee the “optimal™ estimators
propertics. On a different vein, il is important to undertake a microeconomic analysis, by
exploring the cffects of public investment in different regions, since the aggregale resulls
may hide, as we have scen, significant differences. The sectoral analysis is also important,
as almost all the studies at sectoral level have explored the effects of infrastructure capital
in the manufacturing sector (or n a specific subset of this sector), The analyze should
consider all sectors of the economy in order to identify which sectors benefit more and
which benefit less from an increasce of infrastrueture capital stock.

All these consideralions point towards the importance of estimating structural
dynamic models, in particular VAR models, using higher levels of dala disaggregation
regionally and sectorally.
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