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ABSTRACT

This paper summarizes previous results on the productivity of
public capital. In recent literature, Aschauer's (1989) estimate for
the productivity of public capital is often considered too high and
the size of the effect is still open to debate. However, the positive
effect of public capital on the productivity of the private sector is
quite widely accepted.
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1 Introduction

Despite the lively discussion around the public expenditure, public invessmen
had obtained little attention from economists before Aschauer’s article 1889
chauer investigated the productivity of public capital in the United States land o
tained strong evidence for the high productivity of the public capitgince then,
there has not been a lack of productivity studies focusing on the pubéstiments.

The purpose of this paper is to review shortly the results from the recedup-
tivity studies concerning the effects of public capital on the productiviyrofate
sector.

General motivation for productivity studies focusing on the public capéaldeen
decreasing trend in public investments (as a share of GDP), which ciyipaa
consequence of prevailing pressures to cut public expenditure.

The size of the public sector increased in many countries rapidly until 298D,
thereafter it has stayed at a high le¥elLarge public sectors together with a de-
celeration of economic growth have lead to a pressure to cut public eXxend
Overall, obtaining a smaller public sector has become one of the political tamgets
many countries, especially in the Nordic countries.

From the political point of view, it is some times easier to cut public investments
than public consumption expenditures. For example, in the US and the UK the
share of public investment in GDP has declined under the level of 1 &Iublic
investments have an additional effect on the productivity of the privateisehis
decreasing trend appears concerning.

Economic growth has become an increasingly interesting issue among ectsomis
maybe due to the decreasing trend in growth rates. In some developingiesun

a great deal of hope is placed in large public investment projects as eesoiur
accelerating economic growth in the future. Naturally, the direction of ¢igusa

is not trivial. Lower public investments can lead to lower economic growth and
vice versa. All in all, knowledge about the effects of public investmentsvenadl
economic growth would have important policy implications.

1According to Aschauer’s results the elasticity of the output of the privextéos with respect to
the public capital stock is at least 0,36.

2See Table I.1. (p.6—7) in Tanzi & Schuknecht (2000)

3See Table 11.13. (p.48) in Tanzi & Schuknecht (2000)



The effects of public capital on private production may realize directlydiréatly.
Directly, public capital may offer some intermediate services to private sentbr
thus lower the costs and improve the competitiveness of private firms. Puablic a
private capital can also be complements in production, which means that public
capital has also indirect effects on private production. In this waylipchpital

may improve the productivity of private capital and lead to increases iratgriv
production.

It is also interesting that there is no commonly accepted estimate of the size of
the productivity effect of public capital although the subject has beeatiestifor
almost 20 years. A positive effect of public capital on the productivityefprivate
sector is quite widely accepted, but the size of the effect is still open taeleba

The definition of public capital has received a great deal of attention imtites.
Usually, public capital is defined based on ownership and the stock isrgotes!
using the perpetual inventory method. However, the definition of publitatap
not so self-evident as it may seem.

It would be tempting to use public capital and infrastructure capital as gyman
but these concepts should not be confused. Public capital includesfpiue
infrastructure, but there are also a great many other items included.ditioad
part of the infrastructure capital is included in the private sector’swatdsan the
National Accounts. More discussion about the terminology and its problams ¢
be found in Mehrotra and Valila (2006, 446) or Romp and de Haan (208715).

In many countries, including Finland, there is no measure available for toeewh
infrastructure capital stock. In addition, a variable which describes the service
flow that capital stock produces would be preferable instead of a stikble
(see OECD 2001). Again, the lack of proper data restricts the use bfcsypital
service flow variable in many cases.

Focusing on the public capital means that a part of the infrastructure ldapitat
included in the analysis. For example, in modern Finland only roads andadsiro
are included in the public capital stock and other parts of infrastructungoféss
energy and telecommunication networks, water supply and sewer systenms, f
stance) are included in the accounts of the private séctor.

4In Finland, Uimonen (2007, 2008) has, however, recently constistteks for road and rail-
road capital.

SHowever, these comprised about 40 % of the total net fixed public capitek in 2005

8] have not found any publication or research, where these movelmemisen public and private
sector would have been summarized. For example, airports moved/abepsector’s accounts in
1989 and over half of the public buildings switched from public to private9ieal



However, the use of infrastructure capital stock (if it would be availakte)ld lead

to problems with private production and employment. For example, the productio
of energy and telecommunication network is counted in the accounts of tlaepri
sector. Therefore, an increase in network capital (i.e. infrastrugtuestments)
will, by definition, lead to an increase in the private production. This is notdlse
with the public capital.

2 Review of recent literature

2.1 Starting point

Aschauer’s articlés Public Expenditure Productivepublished in thelournal of
Monetary Economici the year 1989, was an effective starting point for an inten-
sive discussion. Aschauer’s results were so striking that the potentiattameze of
public investments was no longer ignored. Aschauer was the first to aelegrty

that the decline in the productivity in the United States in the 70’s may have been
caused by the decline of public investments, which started at the end of'the 60

A theoretical background for including public investments in the productioo-f
tion can be found in the Arrow’s and Kurz’'s bo®&ublic Investment, the Rate of
Return, and Optimal Fiscal Policgublished in 1970. They added public capital
for the first time as an input to the production function. Initial estimations can be
found for Japan in Mera’s (1973) artiélefor the United States at the aggregate
level in Ratner’s (1983) articfeand for the United States at the state level in Costa,
Ellson and Martin’s (1987) cross-sectional study. Mera’s resultadi¢ mixed,

but Ratner and Costt al. conclude that public capital has a positive impact on the
productivity of the private sector in the United States. Despite these eaulibes,

it was Aschauer’s results that truly started the discussion which has cedtever
since.

Aschauer’s (1989) theoretical model is simply an expanded produaiioctibn
of the Cobb-Douglas form where private sector’s production is esge against
private employment, non-residential private capital stock and public ¢afotek.
Aschauer’s point estimates for the elasticities of private production withects
of private employment, private capital and public capital are 0.35, 0.2® &%

"First order elasticity estimate for public capital in the manufacturing semtar franslog pro-
duction function is 0,189.

8According to Ratner, at the aggregate level the estimate for the elasticitivafgoproduction
with respect to public capital is 0,058, which is much lower than Aschagerresponding estimate.
However, Tatom (1991) re-estimated Ratner’s equation from the ofigeraod, but with updated
data and got elasticity estimate of 0,277.



respectively. The elasticity estimate of private production with respect liicou
capital varies between 0,36 and 0,56, depending on the specification efjtles+
sion function.

2.1.1 Themost common approach: Production function

A) Country-level studies

Aschauer’s results drew the attention of economists and politicians immediately
to public investments and their role in explaining productivity growth. Gramlich
(1994) and Strum, Kuper and de Haan (1996) are good reviews dewgatop-
ments right after Aschauer’s article. For example, Steiral. (1996) have made

a conservative estimate of positive efféciThis section focuses on more recent
studies.

Nourzad (1998) used Johansen’s cointegration method and his ragyisristhe
hypothesis of the positive effect of public core infrastructure onpectidity growth

in the long run. Point estimates, the elasticity of GDP with respect of private em-
ployment, private capital and public core infrastructure are 0.12, 0.820&84,
respectively for the US in the period 1948-1987.

Ligthart (2002) examined the link between output and public capital in Palrtug
1965-95 utilizing Cobb-Douglas production function and VAR model. Ligthart’
results support positive productivity effect of public capital. Howekgthart uses

GDP instead of private production as a dependent variable, which liepnatic,
because an increase in public capital leads, by definition, to an incre@dRH’

Point estimates based on Johansen’s cointegration method for the elasticities o
GDP with respect of private employment, private capital and public capital a
0.188, 0.441 and 0.370, respectively, when constant returns to ssalietion is
imposed. As Ligthart points out the coefficient of employment is quite low amd th
coefficient of public capital quite high.

Kamps (2006) has estimated country-specific regressions for OEGDtr&s. Kamps’
results support a positive productivity effect of public capital, buttalig esti-
mates of private production with respect of public capital are quite higkdore
countries in the light of the economic theory (for example 0.8 for the UnitedsJtate
Parameter estimates for private capital and labour are not presentediarttpes’

9 _public capital probably enhances economic growth, a conclusaimibst economists intu-
itively would ascribe to" (Strum et al. 1996, 21).
10Also capacity utilization rate has been included in basic estimation as a multigi¢ativ in
the production function, which is critisised, for example, in Duggal, Salivaral Klein (1999).



paper. Kamps states only that there are some problems especially with tfie coef
cient of labour input, which makes the interpretation of the results difficult.

Although Evans and Karras (1994) did not find support for a posfirasluctiv-
ity effect of public capital in panel of seven countries, more recentlyethare
been more promising results from panel data studies in a sense that thegrare
statistically reliable. They support the positive effect of public capital enptto-
ductivity of private sector (e.g. Hjerppe, Hamalainen, Kiander and \2@0v/;
Kamps 2006; Dessus & Herrera 2000).

B) Regional studies

The direction of research on the productivity of public capital has obdtgward
regional panel analysés. The tightest restriction in these analyses has been, and
still is, the availability of suitable capital stock data. Therefore, only a fedistu
have been made outside the US.

In the regional setup, public capital is often seen as an instrument ohedgiol-

icy. Central government can support poorer areas by financing iafigastructure
projects, which hopefully will also have long term impacts on the local economic
activity. One purpose of the research on the regional productivityestusito find

out, if public capital can be used effectively in the regional policy.

The history of regional productivity analyses focusing especially orptbduc-

tivity of public capital and applying the production function approach cdadd
thought to begin from Mera’s (1973) research with the regions ofnlapathe

90s, most of the regional studies used the data concerning the state&J&f (bey.

Munnell (1990), Garcia-Mila & McGuire (1992), Evans & Karras (499Holtz-

Eakin (1994) and Garcia-Mila, McGuire & Porter (1996)), with mixed Hesstf

More recently, regional capital stock data has also been increasingilalae
for European countries, which has lead to more regional studies usthgdsia.
Stephan (2003) has studied a panel of 11 West GefBiamdeslanderand found
that public capital is productive for manufacturing sector. Cadot, RalleiSiephan
(2006) have studied 21 French regions in 1985-1992 using simultaegoasion
model. They found that the statistically significant estimate for elasticity ofteriva
production with respect to infrastructure is 0,08.

11problems such as high multicollinearity, lack of co-integration and an ecimadly unreason-
able size of elasticity estimates have been frequent in country-spedifiegede time series analyses.
Problems arise in cross-country panels, for example, from diffetefinitions of data and various
economic environments among the countries included. In the regi@mkfrork, these problems
disappear or are less severe.

12n the 21st century data concerning the states of the US has been uisgylimaost function
studies (e.g. Cohen & Morrison Paul (2004).



Moreno and Lépez-Bazo (2007) have applied production functionoagh to 50
Spanish regions in 1965-1997. They found that local public capital i ingoor-
tant than transportation infrastructure. This result holds, even, if sgll-effects
are taken into account. Interestingly, Moreno and Lépez-Bazo alse dingit the
public capital is more productive in regions where the ratio of public capibaks
to private capital stock is low. This result gives some guidance for tieet@féness
of public capital as a tool for regional policy. The Spanish case has $tedied
also by Salinas-Jimenez (2004), with a conclusion of a positive effégtifgspa-
tial (or spill-over) effects were taken into account. An Italian case has btidied
for instance by Destefanis and Sena (2005), who ended up with thiismcthat
public capital has a positive effect at least in some regions.

Usually, results from regional studies have come to show lower estimatésefor
impact of public capital than studies using aggregate level data. A naxplaha-
tion to this is that the aggregate analysis takes externalities into accountidiigpec
with transportation infrastructure, these externalities can be remarkaidesfore,
spill-over effects of public capital have also attached a lot of attentionReesra

& Roca-Sagalés (2003))

C) Meta analysis

The issue about the size of the effect is far from settled. Recently, Bonhigth-
art (2008) have taken a totally new approach to summarize vast literatliieasa
made a meta analysis based on 76 studies which all have taken the produtation f
tion approach. The resulting weighted average output elasticity of pulgitates
0,08 when the publication bias is correctédThis estimate is highly significant
and more reasonable in size than the elasticities reported in many individdiakstu
(for example in Kamps (2006)). In the Finnish case, this average elastioitidw
suggest a marginal productivity of public capital to be about 14 perio€@@0514
This could be compared with the marginal productivity of private capital, vtsic
usually assumed to be the real interest rate.

Needless to say that the elasticity estimates are estimated from historical data and
nothing guarantees that such returns could be attained in the future.akyig@
imagine, for instance, that the rate of return for the construction of the bigh-

way network is higher than the rate of return from expanding the existitvgonie.

L3arithmetic average of elasticity estimates in the sample of 76 studies is 0, #i98exdtian 0,159.
14The formula for calculating the marginal productivity of public capitaﬁé =y % whereY
is private production (or GDPK2 is public capital stock anglis the elasticity of private production

with respect to public capital. In 200% was 1,77 in Finland.



2.1.2 Other approaches

In addition to the division between country and regional level studiesjque re-
search can be divided based on the approach or level of aggregétioa data.
Some studies have used data over all sectors while others have foouged o
some specific sector such as manufacturing. There are also differiertbe defi-
nition and scope of the public capital variable.

The main alternative approaches to the production function approaehiegn

cost or profit functions and Vector autoregressive models (VAR).Qigf, the
production function approach is still the most commonly used frameworkisfoc
has been moving to the VAR models, which are more data-oriented and are not
based on the economic theory in a similar way as the production functions are.
These alternative approaches are reviewed more deeply in 8traim(1996) and
Rompet al. (2007).

The relationship between infrastructure and growth has also been stidibé
help of nonlinear models. Dugget al. (1999), for instance, have used infrastruc-
ture as a technological constraint assuming that the technological greptimnds
nonlinearly on the infrastructure and time trend. Their results suppotidAsa’s
original findings. Aschauer (2001) has also used a nonlinear modelktoieg
state specific data from the US. He concludes that the public capital hatisa sta
tically significant positive effect on economic growth. Moreover, Asdrastates
that the optimal size for the public capital stock is 5070 per cent of thatpriv
sector’s capital stock.

One branch of literature takes human capital also into account. For example,
Romer (1990) and Mankiw, Romer and Weil (1992) have used the augdhente

Solow model® The results have usually pointed out that human capital has an

important role in the private sector’s productivity growth and that thecetiehu-

man capital on productivity is positive.

2.1.3 Resultsrelatingto Finland

Country-specific time series analysis has been the most commonly used method in
empirical analysis. However, Finnish data has been used only in a feigstdhe

same applies also to other Nordic countries, where public sectors are thiggen
general. Therefore, it would be interesting to know, if results in Nordimtaes

are in line with results from other countries.

15See Benhabib and Spiegel (1994), Aschauer (2000), Bassaranpedim and Hemmings (2001)
for other studies, where human capital is included.



The latest research, to my knowledge, focusing on the Finnish casesamgl u
the production function approach was published in 2000 (Bjorkroth & Kjellma
Probably, the lack of reliable data on infrastructure capital has resttiigtype
of research in Finland.

Results from researches using Finnish data have been mixed. Fordran{1®91)
have, for example, estimated a country-specific time series regressibmland

for the period of 1967-1988. They use four different specificatinmifferences
and conclude that only one of the specifications leads to a statistically sighifica
positive estimate for the public capital. Bjorkroth and Kjellman (2000) do not
arrive with a statistically significant effect of public capital on the prodifgtiof

the private sector. In estimation, they follow Tatom’s (1991) model specifitatio
and use Finnish data from 1970-1997. Also Pereira (2001) includ&nBim his
sample of 12 OECD-countries. His results indicate that infrastructure pasitave
effect on the productivity of the private sector. However, the size efefffect is

in Finland smaller than, for example, in Sweden, Germany or the US. Pesreira’
empirical findings are based on 29 annual observations starting froé®the

Based on the period of 1960-2001 Kamps’ (2006) estimate for the elasticity o
private production with respect to public capital with differenced datéd-fioland
is 0,31316

In addition, Luoto (2006) has investigated the relationship between infcagte
capital and long-run growth in Finland using a Bayesian estimation methods. Lu
to’s general conclusion is that infrastructure capital has had a posfteet in the
long-run economic growth. Recently, Uimonen and Tuovinen (2008) htiized
cost function and Finnish data, concluding that infrastructure dezsgaivate sec-
tor's costs.

16previously, in his book (2004) Kamps gets even larger coefficierfifoand (0.717). Generally,
he notes that the coefficient on public capital is quite large in some couam@soefficient on
private capital (not reported) is even negative for some countriberefore Kamps concludes the
chapter "..,making it difficult to interpret the estimated coefficients asmpaters of a Cobb-Douglas
production function”. (Kamps (2004, 45))



3 Discussion

Aschauer started an important discussion about the role of public capigiht R
after Aschauer’s article various authors (e.g. Tatom (1991) and H&ltechwab
(1991)) presented statistically insignificant results for the productivitpudflic
capital and denied the Aschauer hypothési€n the other hand, at the beginning
of the 90’s there were several studies which came to conclusions of laigtice

ity estimates® Among the first studies, the problems with econometric methods
or with model specification were common. Although there are still unsolveuat pro
lems, most authors conclude in the studies done within the last ten yearstiliat pu
capital has a positive effect on the private sector’s productivity.

For example, in the sample of 76 studies used in Bom and Ligthart (2008) meta-
analysis, only 8 studies have ended up with negative elasticity estimate (only two
with statistical significance) for public capital. Among the studies published in the

21st century only 1 out of 23 ended up with negative elasticity. Recentim@R

et al. (2007) have made an extensive literature review and ended up with similar
results.

Considering the width of the range of different elasticity estimates, it seers tha
used data, level of aggregation, variables and methods have quiteiexteffiscts
on results. There have been problems, for example, with the availabilityngbao
rable capital stock series across countries as Kamps (2006) pointsisciisBion
for the reasons of heterogeneity in results can be found in Bom and Li¢2088).

It seems that the positive effect of public capital on the productivity optineate
sector is nowadays quite unanimously accepted. Despite vast literatuseehud
the effect is still open to questiof.

The results of aggregate studies could be seen as a general argunirecrefasing
public investments. However, the productivity of individual projects $ihdne
judged based on project specific cost-benefit analyses and notesalloesult
from aggregate studies.

17For example, Tatom (1991) have argued that high elasticity estimatesaahecpd by spurious
regression. He used first differences to make variables stationaigh Vead to insignificant estimate
for public capital. Munnell (1992) has criticised differencing and asgihat it would destroy long-
run relationships.

18E g. Strum and de Haan (1995) have re-estimated Aschauer's etgiatid obtained even higher
elasticity estimate for public capital. Hence, Aschauer’s results are setdban flawed data or
computational error. Despite this, Strum and de Haan (1995) conclatie¢ti-founded conclusions
cannot be made, due to several econometric problems.

19Already Aaron (1990, 61) have stated that "The issue is not the sigreafdéfficient of that
variable — on that everyone agrees. The issue is the size of the coeffitie



In the future, it could be useful to divide the capital stock according toutpgse

of use. In this way, the productivity of different capital items could be stigated

more properly. If there are items that have substantial positive externality a
they are counted in the accounts of private sector, there is still scopgmulfdic
policies to improve the incentives to increase investments in such capital stock
items. In addition, more emphasis should be given to human capital. Publicly
provided human capital may have a large role in explaining the continuowstgro

in the private sector’s productivity. Until now this has been ignored tszdhe
effects of the infrastructure have been overemphasized.

10
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