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Abstract

We study the determinants and productivity effects regional transportation
infrastructure investment in France, Germany, Jtalgd Spain. We estimate regional
production functions for each country, controllilog the potential endogeneity of public
infrastructure investment. Two broad categoriedaeiérminants of public investment are
considered: (1) normative principles, such as ieificy, equity, and redistribution; and
(2) political factors, such as electoral competitiand electoral rents. The evidence
shows that road infrastructure contributes podiive regional production. As to the
determinants of infrastructure investment, efficierand redistribution are uniformly
found to be the dominant norms; equity considenstiappear to be less important.
However, we find remarkable differences across tr@ms regarding the political
determinants of infrastructure investment allogatid/hich political factors matter for
infrastructure investment is related to the differgolitical systems of the various
countries.
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1. Introduction

Considerable effort has been devoted to researchowg infrastructure investment
contributes to productivity and growth. At presettiere appears to be a general
consensus on the growth-enhancing effects of putdtiastructure investment, although
a few studies have found no positive effects (frent surveys, see Bom and Ligthart
2008; Romp and de Haan 2007; OECD 2007). Even ththuggeffects of infrastructure
investment are fairly well understood, we know ddesably less about the
determinants of such investment. Most studies treat regionaastructure investment as
an exogenously determined input to private productHowever, an increasing number
of scholars question this assumptiag( Crain and Oakley 1995; Duffy-Deno and
Eberts 1991). Kemmerling and Stephan (2002) ingatdi whether the allocation of
infrastructure investment across German citieaflaenced by political or by economic
concerns. They find that “political congruenceg,, same party affiliation of local and
higher-tier governments, matters for tfiistribution of federal investment grants. They
also find that local governments having a high@bpbility of reelection have a higher
propensity to invest in local infrastructure prageand that, at the federal level,
redistributive concerns matter more than the returthe investment.

Cadot et al. (2006) propose a simultaneous-equation approachestimate the
contribution of transport infrastructure to Frenelgional growth. Based on a panel of
French regions over the period of 1985 to 1992 #stimate not only the contribution
of public investment to growth, but also the poétideterminants of public investment.
The empirical findings suggest that electoral come@nd influence activities are indeed
significant determinants of cross-regional allomatiof transportation infrastructure
investment. By contrast, they find little evidermfeconcern for maximizing economic
returns to infrastructure spending after contrglliar these political effects. Castells and
Solé-0Ollé (2005) and Golden and Picci (fc.) finditimal determinants of infrastructure
spending for Spain and ltaly, respectively. Sinlceseé two countries have different
political systems, the precise channels of politinluence on transport infrastructure
are also different between them. Hence, politinatifutions play an important role in
the determination of public investment. Most proemitly, federalism and the electoral
system have an impact on the political economysegf policies (Persson and Tabellini
2002) and the distribution mechanism of transfers.

In this article, we compare four major Europeanntoas and their respective political
institutions: France, Germany, ltaly, and Spain. fur are similar in population size
and GDP per capita but have very different politegstems. Germany and Spain are
federalist countries; France and lItaly are notly lend Spain both have proportional
voting systems; France and Germany have hybrichgaystems that mix proportional
and majoritarian elements. By comparing the fotfetent polities we are able to shed
some light on the nature of distribution mechanismsll four countries and on its
impact on the efficiency of public investment ifrastructure. We do this by estimating
a system of two equations to allow for mutual ereegty of productivity effects and
political origins of public investment.

In the following section we briefly review the litdure on both productivity effects of
public capital and its political economy and derasset of hypotheses to be tested. As



the data collection and operationalization of oay kariables are crucial in a four-

country comparison, we describe these steps at dength in Section 3. We also

provide descriptive evidence of how investment aad infrastructure is regionally

distributed. In Section 4 we explain our estimatiorethodology and describe the
results, along with a battery of specification aodustness checks to gauge the validity
of our results. The last section concludes with s@ualifications to and broader policy

implications of our findings.

2. Literature Review and Hypotheses
2.1. Productivity Effects of Public Capital

In this subsection we briefly review the resultseofipirical studies on infrastructure
productivity based on the production function aggig which will guide the following
sections of our papérEarly studies such as Mera (1973a, 1973b), Aschl8s88,
1989a, 1989b, 1989c), and Munnell (1990a, 1990B218ocument strong correlation
between public capital investment and private seperformance, concluding that
public capital is key for economic performance.

However, other studies have reached different coimmhs (seeeg., Tatom 1991).
Hulten and Schwab (1991) find that public infrastame does not have an effect on
regional total factor productivity (TFP) growth l0.S. manufacturing. Later studies,
mainly dealing with the United States, have resulte diverse findings. While some
find positive and significant effects of infrasttue, others find only negligible or
insignificant effectsd.g., Holtz-Eakin 1994; Evans and Karras 1994). Furtteee, the
size of the estimated output elasticity of infrasture capitaky differs considerably

across the studies (Stuenal. 1996).

For Germany, Hofmann (1996) examines the impadnfséstructure on Hamburg’s
business sector. In this study, a Cobb-Douglas ymtoeh function is specified and
estimated in a dynamic framework (error correctioodel). Utilizing data from 1970 to
1992, Hofmann (1996) finds an elasticity of puldapital with respect to output that
appears to be either insignificant or significamihva negative sign. The result is robust
to variations in the econometric specification.amnother study at the regional level,
using data from 99 German cities from 1980 to 198€l{z (1995) finds a positive and
significant contribution from infrastructure to yaite output, with an estimated output
elasticity ey between 0.08 and 0.19. Finally, Stephan (2002nest¢s the impact of

public capital on private production using a pateth set from the manufacturing sector
of the 11 West German Bundeslander (Federal Stateg)1970 to 1996 and finds that
public capital is a significant input for production the manufacturing sector.

Scholars have found a positive contribution ofasfructure investment to growth and
productivity for other Western European countrigsweell. For Italy, Bonagliset al.
(2000), among others, find a positive contributadpublic capital to regional growth in
productivity. Maset al. (1998) find similar effects for Spanish regionsgain, the

! For more comprehensive surveys, including studiegl@ying the dual cost or profit function approach,
see, for instance, Gramlich (1994), Pfaldeal. (1997), or Sturm (1998).



magnitude of the effect and its significance depeotonly on the empirical approach
chosen, but also on the theoretical framework firatvides the foundation for the
infrastructure capital model. Considering the wvasidindings of previous studies we
formulate our first hypothesis.

Hypothesis 1 The regional transportation infrastructure stooktributes positively to
regional production.

We thus hypothesize that infrastructure is an irtgmarfactor for regional production
and growth. In the next section we turn to the wheteants of public infrastructure. As
argued in the introduction, the link between pubticestment and the level of regional
output clearly hinges on the allocation processfshstructure investment. It is by no
means guaranteed that politicians optimize aggeegaicial welfare by directing
investment in a strictly efficient way.

2.2. Deter minants of Public Infrastructure I nvestment
2.2.1. Economic rationales: Efficiency, equity, distribution

Regarding economic rationales for regional allasatf infrastructure investment, we
follow previous research by Mera (1973a), Andersiigl Mattson (1989), Fuente and
Vives (1995), Yamano and Ohkawara (2000), and SiegR007). Based on this work,
we develop three normative principles that pobtns may use as guidelines for the

distribution of infrastructure investment acrosgioas:
* Efficiency = Y
g

. Redistributiop:%
i

9

where y. denotes regional outpug, is the regional infrastructure stock, is regional

labor force, ands is the size of the geographic territorye( the area in square-

kilometers.)

* Equity =

Efficiency implies that infrastructure spending should beigalarly beneficial for those
regions where its impact on growth is expected ¢o highest. We would expect
investment flows to be highest to those regionsrevhes marginal productivity is
highest. This allocation of investment would guéeanthat the aggregate national
income is maximized. Based on a Cobb-Douglas pitamlucfunction, marginal
productivity of infrastructure is given bgy. /g, , wherea is the output elasticity of
infrastructure capital. We simplify this insight bigfining our measure of efficiency as
the ratio between the gross domestic prodyg} &nd the infrastructure stoclg,() for

regioni, and assuming, = a for all regions.

Hypothesis 2 According to the efficiency hypothesis, centralregional governments



should direct infrastructure investment to thosgiaies where the
marginal productivity of infrastructure is highest.

Redistribution, in our simple terminology, implies that funds alistributed based on
the policy of using infrastructure investment asi@ns of promoting the development
of poorer regions. We operationalize this princigdethe ratio between outpuy, J and

labor (I,) in a region. If governments follow this logicfriastructure investment should
be targeted at those regions where per-capita GDiRviest.

Hypothesis 3 If the national government is interested in préimgpthe development of
poorer regions, it may use infrastructure investmas a means of
redistribution to spur economic development in suepions. If so, it
should target the infrastructure investment ataegjiwith the lowest per-
capita income.

The redistribution objective usually conflicts withe efficiency objective. Indeed, we
find negative correlation between the ranking ajioas according to the efficiency
criterion and that according to the redistributioriterion in all countries under
investigation?

Equity, our third normative principle, has to do with tlieea of guaranteeing equal
living conditions in all regions. We calculate ayy measure for it as the ratio between
infrastructure endowmenty() and the geographical size of the regig (or instance,

a fundamental norm of German federalism, whichtadesl in the Constitution, is to
guarantee the equality of living conditions in @fions. The German Federal Court is
known to base its judicial review of public polion the basis of such norms. Our
criterion measures to what extent a governmerg taeequalize the public infrastructure
endowment (in terms of “infrastructure density’/s). Regional inflows should

therefore be inversely related to public capitacks adjusted for regional geographical
differences.

Hypothesis 4 If the national government’s objective is equdtastructure endowment
across regions, it should target its investmemegions with the lowest
infrastructure endowment.

2.2.2. Political factors

The four countries under investigation have veffedent constitutions. Therefore, it is
difficult to develop a uniform framework for exptang the political factors behind
regional public investment policies across them.siraplify the exposition, we will
assume that in all four countries the central govemt is the decisive political actor. Of
course, this is not true for federalist countrieat we will later show the effects of
departing from this assumption in a comparisorheffederalist countries (Germany and
Spain) with the highly centralized countries (ltadynd France). There are several
hypotheses explaining why politicians consider saegions to be more politically

2 A negative correlation of these two criteria isoalsported in the case of Japan (Yamano and Ohkawar
2000).



important than others.

The traditional political-science approach to paldpending relates transfers to the
ideological preferences of partiesaq, Klingemannet al. 1994). The most common
example is the idea that left-wing parties haveranger inclination for spending and
“big government” than do right-wing parties. Althgiuthe salience of infrastructure
investment as compared to other policy areas isrxacéssarily very high for left-wing
parties, preference for high spending usually #$fesost policy areas. Indeed, there is
some empirical evidence for such a propositiorhm ¢ontext of spending on regional
infrastructure. Grossman (1994), for instance, dirtdat U.S. regions in which the
Democrats are the dominant party receive morefeenthan other regions.

However, the ideological distribution of voters msues of regional infrastructure is
unlikely to be one-dimensionally lefersus right (Kemmerling and Bodenstein 2006).
Regional interests also loom large in the politipabcess so that even conservative
parties with a strong regional base will favor ghar level of spending in their regions.
Examples of such parties can be found in most Eaoountries: Germany has the
regionalist Christian Social Union, Spain has tretalan and Bask separatist parties,
and in ltaly there are separatist parties in theheon part of the country. This leads us
to our first hypothesis on the political-economyaiminants of infrastructure spending.

Hypothesis 5 Infrastructure investment is higher in regionghweither strong left or
strong regional/ separatist parties.

Another approach to explaining spending does nqgiedé@ on voter preferences.
Infrastructure investment at the regional levefoisa large part financed by investment
grants from higher-tier governments. Both politicahd economic studies on
intergovernmental grants or transfers have trautiy focused on normative principles,
such as those described in the previous subsetfoharpf 1988; Oates 1999). Yet
political economy considerations are importantcsim real life the issues of efficiency
of investment and its political determinants are tually dependent. economic
efficiency of infrastructure investment depends it political allocation, and the
politicians’ electoral success depend on infrastmac investment and its efficiency.
Thus, positive explanations for intergovernmentaings have been sougled., Inman
1988).

Under any approach, however, the fundamental quregtiwhy some regions are more
successful in receiving grants than others. Théaipmleconomic theory of multi-tiered
political systems holds that regions are unlikeby receive equal shares of public
transfers or shares when (a) some regions havéivetya more political clout to
influence the allocation of funds from the centgbvernment or (b) national
policymakers rely on some regions more than otterauster electoral support. These
two claims lead us to our remaining hypotheses hen golitical factors influencing
infrastructure investment.

Starting with the first claim, regions may diffatheer in their lobbying power or in their
institutionalized political clout. Cadad#t al. (2006), for instance, argue that powerful
lobbying groups that depend on road infrastructsmeh as big companies, may be more



concentrated in some regions than in others. Regnth stronger lobbies will attract
higher transfers since they are able to make canpaontributions to local politicians
who, in turn, press for increased grants. A comegion of political power in the hands
of a few minority groups can increase the grantecker 1983). Moreover, local
politicians themselves differ in the extent to whibey lobby the national government,
as the cases of intergovernmental grants in Nor{@&marensen 2003) and the United
States (Grossman 1994) show. Institutional factioas enhance the lobbying power of
local politicians are the size and number of seétan electoral district (Worthington
and Dollery 1998) or the voting power of a regidmgolabeheret al. 2002). Finally,
channels of influence from lower to higher tiers gidvernment should flow more
intensely when reinforced by partisanship. In Germafor instance, a key factor
appears to be partisan congruence between thenabhtend the regional level
(Kemmerling and Stephan 2002): in cities where shene partisan composition of
government prevails as at the federal level, gearg is significantly higher than in
other cities. Since there are many ways of thewgizhe political clout of a region, we
select the following formulation.

Hypothesis 6 The higher the political clout of a region ama particular, the higher the
political congruence between the regional and tt@nal governments,
the higher the infrastructure investment in theaeg

The second claim focuses on the preferences adrratpoliticians, rather than on the
resources of local politicians. The idea is thatiamal politicians equalize marginal

costs—that is, transfers to a region—with marglreiefits, predominantly in the form

of higher electoral success. Assuming that cegtmaérnments depend on local electoral
support or money, national politicians will alloedtunds to political strongholds (Cox

and McCubbins 1986) or to those regions where tagygain the most from additional

spending (Dixit and Londregan 1998). Regions inalvhincumbent politicians have a

strong position relative to other parties shoulchdfit most under this theory and,

indeed, several studies (Levitt and Snyder 199%®s8nan 1994) find some evidence
for the logic of partisan strongholds and incumiyelbias in the regional distribution of

federal outlays in the United States. Corresporigjivge formulate:

Hypothesis 7 Regional party strongholds of the central goventrparty will receive
more public investment than regions in which thatizd government
party is weak.

The alternative and, to some extent, competing thgsis is that central politicians are
more interested in those regions where additiopahding has a disproportional effect
on the election outcome. The classic version a&f éingument concerns swing voters, for
which there is ample evidence in U.S. first-pastplost electionse(g., Jacobsen 1987).
Swing voters, those who are as yet undecided, ayst important when the race
between the two largest parties is very closehdfe is a vast difference between the
number of votes expected by the two parties, neithik make much of an attempt to
attract the swing voters: the most popular partysdeot need to; the less popular party
would be wasting its time (and money) to try. Thiiss only to regions where swing
voters could make a difference in the election one that politicians will be motivated
to grant money.



One problem with the simple swing-voter hypothésithat it does not fit all democratic
systems. In multi-party or multi-dimensional sagsnthere will be less chance that there
will be “median” voters (because there is a bigghoice), thereby increasing the
number of swing voters. This argument thereforeprisnarily applicable to classic
(majority) first-past-the-post electoral systems, which votes other than for the
winning candidate are essentially lost. Howeves, dlgument may be extended to other
systems, for even in proportional systems, higlhesteral competition and more pliable
voters should intensify parties’ campaign effol&cGillivray 2004). Johansson (2003)
finds corroborative evidence for a similarly refineersion in the Swedish case. There
are other factors that raise the marginal gainseotral governments in regions. Crain
and Oakley (1995) find evidence that voter volgtiland legislative stability are
important predictors of the size of regional transf Castells and Solé-Ollé (2005) use
several indicators that “electoral productivity’e.,, marginal gains in the form of
additional seats from marginal increases in vatesglated to public transport grants in
Spain. We therefore formulate:

Hypothesis 8 The larger the marginal gains of votes for thatizd government in a
region, and the closer the political race, the darthe infrastructure
investment in the region.

This traditional swing-voter hypothesis, howeves, riot uncontested. Cadet al.
(2006), for instance, predict an incumbency effiectinfrastructure spending. Those
incumbent actors whose chance of reelection isenighill make greater efforts to
receive infrastructure investment in their regidhis hypothesis is formulated as:

Hypothesis 9 The larger the regional vote share of the incumhloentral government,
the larger the infrastructure investment in theaeg

Hypotheses 8 and 9 may appear to contradict edwr,adince a central government
may be most interested in either very close elattacesor races in which it is clearly
ahead. In practice, however, it is quite possibk & central government will believe
both types of races to be more important than thoselwmng a moderate level of
competition.

We have now set forth all our major complementaryio some cases, competing

hypotheses on economic and political rationalestlier distribution of infrastructure
investment and thus proceed to testing them enagliyic

3. Data
3.1. Sour ces
In the following we briefly describe the data ahéit sources for each county.

3.1.1. France

% The level of regional aggregation corresponds WIS2 regions for France, Italy. and Spain and to
NUTS1 regions for Germany.



The data for France are partially those descrilme&tephan (2000) and Cadeital.
(20086). They include 21 of the 22 French regionstie period 1978—1992All values
have been converted into ECU at constant 1991 griEer investment in transport
infrastructure, we differentiate between roads), rand inland waterways. The
infrastructure data for France are also describdgritsch and Prud’homme (1994) and
Fritsch (1995). Road infrastructure investment inan€e includes both public
investment for all road categories and private stvent for licensed motorways. The
regional capital stocks of road infrastructure atetermined from the regional
investment series using the “perpetual inventorythwd® (PIM). The initial capital
stock for 1975 for each region is determined ato¥d. The aggregated transport
infrastructure stocks in France as provided by Fbderation Nationale des Travaux
Publics (FNTP) are allocated proportionally to thé@ividual regions in accordance with
the investment proportion of the individual regiomble calculated value is then used as
the inititéal stock for the PIM. For the linear degiegion rate we assume a value of 2.5
percent

The measures for labor and regional value addeal atatnarket prices are taken from
the EUROSTAT “New Cronos” database (June 1999 @ditiThe values for 1979 and
1978 were extrapolated from information on grossi@stic product (GDP) for the years
1978 and 1979. The data relating to the regiomaksof private capital in France for the
period 1978-1991 were provided by Professor Renug’Pomme. A description of
these data can be found in Prud’Homme (1996).

3.1.2. Germany

For Germany, we separately calculate regional oagutal stocks first for roads funded
by federal states, districts, and municipalitieanfes-, Kreis-, und Gemeindestrassen,
district roads), and then for roads financed byfdgeral governmenB{ndesstrassen,
federal roads). In both cases, the PIM is applesed on investment series deflated with
the GDP deflator and assuming annual depreciatitas rof 0.8 percent for federal roads
and 0.6 percent for district roads. These rateschosen to minimize the difference
between the sum of regional road capital stockisvileaobtain and the aggregate figures
of the stocks for Germany published by the Fedeghiaistry of Transport (Verkehr in
Zahlen, DIW Berlin, 2007). The initial regional ¢&gb stocks of road infrastructure for
the West German federal states for the year 199 @laained from Bartholmai (1973).
The information on investment made by the fedestdie, and local governments is
taken from a publication by the Federal Statistic@lffice Wiesbaden
(Rechnungsergebnisse des offentlichen Gesamthasis8alies 14, Section 3.1), which
contains road investment figures for different oegil-level entities.

As for the additional region-specific variablese throduction function data originate

* Corsica was not included due to incomplete stegisinformation.

® As a control for the capital stocks of road infrasture obtained with this method, the sum over th
individual regions was computed and compared with &ggregated value reported by FNTP. The
deviation between the sums of the regional stookistlae national stock is only between 1 and 2 perce

® The stocks for the year 1992 are computed with BHihg stocks of 1991 and adding regional gross
investment in 1992 for all industries, taken frohe t“New Cronos” database, assuming a linear
depreciation rate of 10 percent.



from the series “National Accounts for the BundedEr” published by the Statistical
Office of Baden-Wirttemberg. Value added is usedaaweasure for output in the
analysis. Private capital in peridds measured as the gross stock of fixed assedh in
sectors at the end of yedrih constant prices of 2000. Labor is measurati@sumber
of employees in all sectors at the regional leethe Bundeslander. For the political
data, we use Brancati’s (2007) constituency-leath det and own compilations.

3.1.3. Italy

For Italy, the dependent variable is the publicitedstock of roads taken from Picci

(2002). We use data for 20 provinces from 19709681 Picci also uses the PIM to

calculate his capital stock data. Data on privaigital stocks come from the CRENo0S
Regio-IT database (Paci and Pusceddu 2000; PacBahd 1997), as do the data on
other economic variables, which we extract for years between 1960 and 1996. For
the electoral variables, we use Caramani's (20@@atwhse, which includes electoral
results for all major parties in general electitmetween 1977 and 1996 on a regional
level. Retrieving electoral results for individuadrties is not of much use, since the
Italian party system is notoriously unstable. Thanes we use the vote share of party
families, leading to seven families, of which omeflects the vote share of regional
parties, as in Caramani (2000).

3.1.4. Spain

For Spain, we use data on transportation infragtracinvestment by the central and
regional governments of 17 comunidades auténduhaing the period 1955-1998. The
source of data on capital stock and infrastructovestment by government level and
region is Fundacion BBVA “Stock de Capital en Espafisu distribucion territorial
(1964-2000).” These data have been used previgagly Maset al. 1998). We use
investment in roads, which constitutes the largest of overall spending. The stock is
calculated using the PIM. Private capital stockadalso come from the Fundacion
BBVA. The other economic variables are taken frdra Regional Accounts of the
National Institute of Statistics. For the politicagriables, from Caramani (2000) we
extract the vote shares of the Spanish WorkerstyP#ne People’s Party, and the
communists. The problem of certain regional partesurring in only one or two
regions (such as the Catalan or Bask parties) dseaded by creating a variable that
lumps together the vote shares of all the parhas €Caramani (2000) denominates as
“regional.”

3.2. Political Proxy Variables
The definitions political variables need a littleora explanation than do the economic

variables and thus we briefly discuss each of th@rshow how we operationalize our
hypotheses on the political economy of transpdrasgtructure investment. Some of our

" For Italy, the regional level of aggregation (2@inces) does not match the 32 electoral districts
However, a problem of overlapping occurs for omlp ttonstituencies of minor importance.

8 This level of aggregation best reflects actualisien-making power even though legal competencies
differ greatly across Spanish provinces. It als&esahe analysis comparable with that of the otieze
countries. We exclude the small regions of CeuthMalilla as they are hardly comparable with thieeot
Spanish regions.
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hypotheses are, of course, only applicable to squhtical systems. Notably,
hypotheses on two-tiered systems pertain only tered systemsi.e., Germany and
Spain).

As mentioned above, there is some debate in theatitre on the political economy of
regional transfers over whether politicians are enioterested in swing constituencies
(Dixit and Londregan 1998) or in partisan stronglsalCox and McCubbins 1986). We
operationalize the latter as the regional vote estuirthe central government pafty.
Following Johansson (2003), we operationalize tigaiof regional incumbency as the
difference in number of votes between the two Ilstrgearties in a region in national
elections. Moreover, we operationalize the cono¢glectoral race by coding a dummy
variable that equals 1 whenever this differenceery small,i.e., less than 5 percentage
points. This accounts for a nonlinear effect of ¢éhextoral race in cases where the race
is very close. Our threshold is arbitrary and al¢ive operationalizations are possible
but we believe that not much is to be gained fromoae sophisticated technique. First,
such methods may add substantive measurementterttoe defined variables. Second,
the underlying theory commonly assumes a one-dimoeak policy space, which is
unrealistic given the politics under investigati@ur version has the merit of being
easily interpretable. More important is the theioedtcaveat that swing voters should
matter more in first-past-the-post voting systemd single-member districts. Thus we
expect that the effect of swing voters and elettoghtness should be stronger in
majoritarian systems such as France and the opersiistem of proportional
representation in Italy before 1993 (Golden andiRix*°

Finally, for multi-tiered political systems such &pain and Germany, we use political
information at both the central and the regionatle. We compare the partisan makeup
of central and regional governments to measure dbegruence between them

(Kemmerling and Stephan 2002). For Spain, howewer,use a simple congruence

measure due to lack of information on regional ted@coutcomes. We code a dummy
variable that equals 1 if the partisan compositainthe regional and the central

governments coincide.

Table 1 summarizes our major political-economyalalgs, their operationalization, and
the expected sign of the relationship with pubhwestment in road infrastructure.
Following the discussion in Section 2.2, the filsee variables capture broad normative

° For France, “incumbent party” is either the Gadlior the Socialists. For Germany, it refers tm si
vote shares of the coalition of the CDU-CSU and Higffore 1998 and to that of the SPD and Grine
thereafter. For ltaly, it is the Democrazia Crisdafor most of the period and for Spain it is tH&eCHE

until 1996 and the People’s Party thereafter.

19 We also compute complementary measures of themdss of electoral competition in our tests of
robustness. One of these variables is electorabty measured as the number of actual votes étioal

to the size of the electorate. Many studies (Leatittl Snyder 1995; Castells and Solé-Ollé 2005) have
used turnout as a proxy for the intensity of thectdral campaign and argue that it should be pesjti
related to the size of regional investment. Altéiedy, we could expect that the number of effeetiv
parties is inversely related to the size of rediongestment. In this case, the idea is that maiipal
parties make additional spending less effectivectmtral government parties, since electoral gaies
spread over several parties. The number of effectiarties has also been used as an indicator for
additional veto players, which make political chasgn general more difficult (Tsebelis 2002). We
follow Laakso and Taagepera (1979) by operatiomajizhe number of effective parties as 1 over the
Herfindahl index of the vote share of parties.
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goals in decision making, whereas the latter feus on the political process and the
electoral gains derived from investment in roadastructure.

[Insert Table 1 about here]
3.3. Descriptive Statistics

Figures 1, 2, 3, and 4 show the mean and stané@ardtan of the dependent variable of
the policy equationi.e., the growth rate of the regional infrastructureckt We find
increasing growth rates of regional infrastructst@cks in both France and Spain, even
though growth rates in Spain have decreased dfeér peak in the 1990s. In contrast,
for Germany and Italy we note a decrease in theageegrowth rate of regional
infrastructure stocks. The standard deviation desdsdecrease in the same proportion,
implying an increasingly heterogeneous growth patseross regions. Further summary
statistics of the dependent and independent vasafir the different countries are
presented in Tables Al to A4 in the Appendf)ANDREAS: Note that in the
Appendix, theseare actually labeled TablesA3to A6.]

[Insert Figures 1 to 4 about here]
4. Empirical Estimation and Results
4.1. Specification of the Simultaneous Equation Model

Aschauer (1989b) triggered a controversial deb&ieutathe contribution of public
capital to growth using a simple production funeticamework with public capital as a
factor input to production. Several authors ardwa this approach could suffer from a
potential endogeneity problem as there might belldfaek effects from growth to
infrastructure spending. Therefore, a simultanesgisation approach has been proposed
where public infrastructure investment is endogshowand explicitly explained by
several variables (Duffy-Deno and Eberts 1991; deitds and Pereira 1993;
Kemmerling and Stephan 2002; Kawaguehal. 2005; Cadott al. 2006). Following
this line of reasoning, we specify a simultaneogsation model consisting of two
equations: a production function and a policy eguatThe two equations are linked
through the production function by the definitiohtbe current stock of infrastructure
capital (in logs) aslng, =In(g,,, +Ag,), whereA is the first difference operator.

Assuming a Cobb-Douglas functional form, the logpmic regional production
function can be written as

Iny, =B +vi+ A+ Ink +FInl +5,Ing, +&; i=1...N;t=1..T Yy

The GDP of region at timet (y,) depends on private capite,(), labor input (),
and public infrastructure ¢,). The production function is estimated in levelsda
region-specific effectg, , and time-effects), are also included.

The policy equation describes the change in redjicyaal capital stocks relative to the
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existing stock i(e., the growth rate of the stock).To describe the politico-economic
determinants of regional infrastructure stock clesngve use the following stylized
policy equation

Yie
S

it

(2)

_ Yit Yit
Alng, =a,+6 +ay _I+aredistr|_l+a

elrace, +a,left,

equi

it it

+ag strong, +a,. incumb, +a

race

+a . regional;, +a,,,congruence, +v;, i =L... ,N,t=1..T

congr

The dependent variable of the policy equation esghowth of the infrastructure stock,
Alng,, inregioni at timet. The first three terms on the right-hand side gi&ion (2)

describe the efficiency, equity, and redistributasiteria, respectively. The last terms of
Equation (2) correspond to the political variablescussed in the previous section. Note
that y, is treated as an endogenous variable in the peliption, whereaaln g, is

treated as an endogenous variable in the produfttiastion.

As we are analyzing the cross-regional allocatibmwestment (not the intertemporal
within-region allocation), we do not include regispecific dummies but only time
effects g in the policy equation. These time effects contoolany common shocks at

time t so that the remaining heterogeneity in investmalidcation captures the
differences across regions.

4.2. Econometric M ethodology

The endogeneity of the growth rate of the regionall capital stocks in the production
function is taken into account by using the nordm&MM estimator suggested by
Andrews (1991), where the exogenous variables dh beguations are used as
instruments. The GMM estimator provides consiséstimates of standard errors in the
presence of heteroscedasticity and autocorreldfidhe results of specification tests on
autocorrelation, heteroscedasticity, and statityaare discussed in the Appendix.
Generally, the results support the applicationmisistent estimators. In the context of
simultaneous-equation estimation, a more imporissie is instrument validityi,.e.,
their noncorrelation with the error term. In thentext of the GMM estimation, the
validitylsof overidentifying moment restrictions cdme tested as proposed by Hansen
(1982):

4.3. Estimation Results

! Note thatinv, /g, =(g9,-9,.,)/9, =Alng, .
2 Using SAS V9.2 proc model, we specify the GMM esition using the Parzen kernel. Different
kernel/bandwidth choices are tested, but mostteané unaffected by these choices.

13 The null hypothesis states that instruments amdrerare uncorrelated. The test statistic ){(§—

distributed with r —s degrees of freedom, whereis the number of instruments multiplied with the
number of equations argds the number of parameters.
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Table 2 shows the results of the nonlinear GMM esysestimation for each county).
Both equations are estimated with a good fit, ttoaidarge fraction of the fit is likely to
be attributable to the region and time dummieslasslto the explanatory variables. The
region as well as the time effects are signifigarttoth equations for all countries. The
choice of instruments in the GMM estimation is aiate for all countries as the
Hansen test does not reject the null hypothesigabdl instruments in any equation at
the 5-percent significance level.

[Insert Table 2 about here]

Regarding the results for the production functiwe,woulda priori expect estimates of
labor elasticity between 0.5 and 0.8 and of capafakticity between 0.2 and 0.5.
Furthermore, we would expect the labor and capitticities to add up to 1, implying
constant returns to scale in the private inputsvéier, the reported production function
estimates in Table 2 fulfill these expectationsydok Italy and France; the production
function results for Germany and Spain appear [dasisible with respect to the
estimated labor elasticities, which are far belo®; Particularly in the case of Spain.

Similarly, we find different estimates for the ingpbaf transportation infrastructure on
regional GDP. A very low and insignificant contrilmn is visible for Spain (0.02).
France has a much higher and significant coefficignl4) and the estimates for
Germany and ltaly are 0.21 and 0.20, respecti‘édnce, according to these estimates,
in three out of the four countries road infrastawetcontributes to economic output. Our
estimates, which range between 0.05 and 0.2, argeineral agreement with most
previous studies.

The policy equation, however, displays more divasmates across the countries. As
for the three normative principles, we find thdtaéncy concerns matter for the growth
rates of infrastructure stock in all countries.aldition, the sign of the coefficient for
the redistribution criterion is negative and sigraht, as expected, for three countries,
but insignificant for France. This is perhaps nafsising as interregional redistribution
does not appear to be a priority in France comptréelderalist countries like Germany
or Spain. The equity criterion shows a more amhigyaattern. Here, only France has a
significant estimate with the expected sign, wherdae effect for Italy is actually
positive, implying that Italian regions with a goeddowment of infrastructure receive
more investment than those with a poor endowmemnt.sdbme extent, imprecise
estimates or implausible signs may stem from catiel between some of the
explanatory variables (see Appendix Table Al).

The effects of the political variables also varyoss countries. In general, political
influence appears to be relatively moderate. Rartsgrongholds do not seem to play a
marked role in France or Germany, whereas in ltalg Spain national government
party strongholds do indeed receive more investminain other regions. The
incumbency effect.e., the coefficient for the difference in vote shaetween the two
largest parties, is significant with the expectéghsonly in the case of Germany.

1 The results from simple OLS regressions turn aitta be very different from the GMM results in
terms of parameter estimates, suggesting that emddy is not a serious concern in most of the
estimations.
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Similarly, the closeness of the electoral race shaw effect in Germany but has an
unexpected negative impact in Spain. Furthermoeefimd that left-wing parties matter

in France and Italy but not in Germany and Spaiagi&al parties influence the

distribution of public investment significantly gnin Italy but not in Spain. Finally, the

congruence variable has the predicted effect ordigteibution of investment in one of

the two federalist countries—Germany—but not iniBpa

Taken together, the findings of our (positive) podl variables reveal two interesting

patterns. First, the ideological variables—Ileftregionalist votes—play a role only in a

centralized system, arguably because in federalistems these effects are either
politically contained or dominant at the regionadl. In contrast, partisan congruence
does play a role in one of the two federalist syst€Germany). Second, the variables
on electoral incentives show that, as expectedtispar strongholds (H7) and the

electoral race (H8) are competing hypotheses, densg the signs of the coefficients

for Germany, Italy, and Spain. In addition, we fswime evidence for a complementary
relationship between the closeness of the electa@ (H8) and incumbency (H9):

elections that are either very close or very cladriead to a significant increase in
infrastructure spending.

5. Conclusions

In this paper we have investigated the determinantsproductivity effects of regional
transportation infrastructure investment using rauianeous-equation approach. The
analysis was conducted for four major European @wwes: France, Germany, ltaly,
and Spain.

Three of our findings are worth emphasizing. Fitlsg estimates confirm for three out
of four countries that regional investment in roafilastructure contributes to regional
production. The estimated output elasticities betwd0 and 20 percent lie in a
plausible range and indicate that the economicritution of infrastructure to regional

development is not by any means trivial. The indiggnt estimate for Spain is in

contrast to previous studiesd., Maset al. 1996; Cantogt al. 2005), which use longer

time series of the variables.

Second, we establish that normative principles lzals@ge influence on the distribution
of investment. In particular, we find that efficasn and redistribution criteria are
relevant to the allocation of infrastructure inveenht across regions, but that equity
considerations are of less importance. Again, audirfigs at least partly contradict
previous work. For instance, Cadatal. (2006) do not find that efficiency matters for
regional allocation of investment in France. Howetlgeir policy equation is differently
specified and their period of investigation is $éothan in our case.

Third, our findings show that political factors dafluence regional distribution of
infrastructure investment but not to a very gredert. As we elaborated in this paper,
the results also support the view that politicatdas have a different impact depending
on the country’s political system. For example,tisan strongholds and ideological
preferences matter more in centralist politicaltenyss than they do in federalist
countries. The effect of political congruence (sgmoditical affiliation of higher- and
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lower-tier governments) on the allocation of inwesht is supported at least for
Germany. We also find evidence for a competingiiahip between favoring partisan
strongholds on the one hand, and favoring veryectosvery clear-cut electoral races on
the other.

A few words on the limitations of our study are ander. First, according to our
assessment, the robustness of the results depessisoh the sophistication of the
applied econometric estimation methods (exemplifbgdthe rather small differences
between OLS and GMM estimates) than on the quafithe underlying data. The data
for this study were collected from several soumggisg different definitions, concepts,
calculation methods, and so forth. This limits tbemparability of figures across
countries; however, the data should be consistentrégional comparisons within
countries. Second, we are aware that the polificaky variables in particular are
somewhat crude measures of the underlying mechaiosnulated in the hypotheses.
For instance, we presumed a positive influence frelactoral competition on
infrastructure spending but this can be proxied doly by the outcome of the last
election. Certainly, there might be close politicaimpetition in a region that is not
reflected in the difference of vote shares betwdentwo largest parties in the last
election. Third, for two out of the four countrigsrance and Italy) we cannot
distinguish at which level (regional or central gaownent) road investment is
administered. Obviously, we would expect a strongelitical influence €.g., from
national election outcomes) in cases where thesimvent is under the control of the
national government.

Overall, the approach presented in this paper gesviinteresting insights into the
determinants and productivity effects of regiomahsportation infrastructure and may
serve as an inspiration and starting point forreiiavestigations into these topics.
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Table 1. Summary of major hypotheses and theiratizeralization

| Hypothesis | Label | Operationalization Expected sign|
H2 Efficiency ylg
H3 Redistribution y/l
H4 Equity gls
H5 Left/regional parties vote share of left or @l parties
For Germany: share of governmental
Political congruence (only party in regional elections
H6 AP +
federal systems) for Spain: d=1 if same government on
central and regional level, otherwise d=
H7 Partisan strongholds regional vote shar_e of c_entral . +
government party in national election
d=1 if difference of 2 largest parties
H8 Electoral race <=5 percent, otherwise d=0 *
difference in vote shares of 2 largest
H9 Incumbency L . :
parties in national election




Table 2. Nonlinear GMM system estimation results

France Germany Italy Spain
Policy equation
Dependent variableA In g 1978-1992 1970-2004 1970-1994 1982-1995
Time effects Included Included” Included Included
Efficiency 0.0049 (11.97) 0.0005 (3.07) 0.0016 9.5 0.7682 (3.22)
Redistribution -0.0001 -(0.84) -0.0005 -(2.87) aLo -(5.27) -0.0025 -(4.18)
Equity -7.8559 -(2.16) 0.2294 (0.48) 1.9850 (3.03) -0.0141 -(1.44)
Partisan strongholds 0.0168 (1.62) -0.0279 -(1.72) 0.0883 (6.04) 0.0716 (2.05)
Incumbency -0.0019 -(0.15) 0.0433 (4.19) -0.0255 2.0%) -0.0556 -(1.76)
Electoral race 0.0024 (1.40) 0.0044 (2.64) -0.0018 -(0.68) -0.0117 -(2.02)
Left share 0.0217 (2.62) -0.0206 -(1.22) 0.0413 543B. 0.0345 (1.06)
Regional parties share - - - - 0.0929 (6.25) 0.0120 (0.53)
Political congruence - - 0.0172 (2.57) - - 0.08918 (0.41)
R? 0.5269 0.6924 0.4591 0.5000
Production function
Dependent variabldn y
Time effects Included Included Included Included
Region effects Included Included Included Ineldd
Log private capital 0.1948 (7.45) 0.0407 (2.09) 263 (14.59) 0.2252 (2.96)
Log labor 0.7287 (10.93) 0.3429 (11.60) 0.6865 8.3 0.2092 (2.18)
Log road capital 0.1426 (3.72) 0.2064 (6.33) 0.2008 (5.39) 0.0182 (0.72)
R? 0.999 0.9997 0.9989 0.9982
N 315 439 500 255
No. regions 21 16 20 17
Hansen test 43.33 42.91 42.83 37.84

Notes: t-values in parentheses. Hansen test isbdittdy” with (r-s) degrees of freedom.

(a) Dummy variable for Tle-de-France included, dojnmy variables for East German Lander includeddgemmy variable for congruence.
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Figure 1: Development of growth rates of regionahsportation (road) infrastructure investmentran€e, 1978-1992
Figure 2: Development of growth rates of regionahsportation (road) infrastructure investment arr@any, 1971-2004
Figure 3: Development of growth rates of regionahsportation (road) infrastructure investmentatyl 1970-1994

Figure 4: Development of growth rates of regionahsportation (road) infrastructure investment pai, 1982-1996
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A. Appendix

A1l. Specification Testsand Robustness Checks

We performed several specification and robustnbesks of the econometric results. A
first important issue is multicollinearity. The aifton numbers are much higher than
100, which is viewed as a critical value in Judgal. (1985). Thus, imprecise estimates
or even implausible signs of parameters might dtemm the high correlation between
some of the explanatory variables, a problem thaaggravated in cases where the
variables do not have much time variation and mgieecific effects are included.
However, there is no appropriate solution to théticallinearity issue.

A second issue is heteroscedasticity and autoedioelin the residuals. The results of
specification tests indicate that heteroscedagticiBreusch-Pagan LM) and
nonstationarity of residuals (Levin-Lin panel t&3tjeteroscedasticity is present in both
the policy equation and the production function.tdeorrelation is present in both
equations as well, according to the Godfrey LM .tégtcordingly, application of the
nonlinear GMM estimator with consistent estimatairthe variance-covariance matrix
of parameter estimates is justified.

Finally, the null hypothesis of a unit root in tfesiduals was tested for using the Levin-
Lin test® (Levin et al. 2002) and rejected in almost all cases for bothatgns. The
only exception is Germany where due to the balaaqairement of the Levin-Lin test
we had to split the samples to only West Germaionsgfrom 1970 to 2004 and all
regions from 1991 to 2004, including the East Gerin@nder. For the latter sample, the
test does not reject the null hypothesis of a it in Iny but the test based on the
former sample with only West German Léander does.aMenot too concerned about
this as the sample from 1991 to 2004 is a smatlgfahe total sample and the power of
the test may be limited given the relatively shorne series from 1991 to 2004. We also
performed an estimation where we allowed for déferestimates before and after
German reunification for key variables (structuredak). The outcome is interesting and
yields plausible results, three of them worth mamtig. First, the output elasticity of
infrastructure capital is significantly lower aftezunification compared to the years
before. Second, the efficiency criterion becomess Isignificant after reunification,
whereas both the redistribution and equity critege@n significance, showing the
expected negative sign. Third, the effect of pwditi congruence becomes more
important after reunification.

!> The idea for the stationarity test of the residuslthat if any of the variables in the linear rggion
equation is nonstationary, due to the definitiomesfiduals ast, =y, —Z,kaw , this would lead also to a

nonstationarity of the residuals.
18 The Levin-Lin tests were performed without specifyia time trend and including two lags to account
for autocorrelation of order two (expect for Germéa), where a lag of one was specified).
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A2. Descriptive Summary Statistics of the Variables

Table Al. Descriptive statistics for dependent exlpendent variables — Frarteer or!
Bookmark not defined.Error! Bookmark not defined.Error! Bookmark not

defined.(n=315)

Variable Mean StdDev  Min 5" Median o5" Max
Percentile Percentile

Alng 0.0266 0.0117 0.0032 0.0096 0.0257 0.0471 0.0893
Efficiency 6.7776 1.4124 41439 4.4755 6.7055 9.7227 10.9323
Distribution 35.0550 5.0543 23.6208 27.3734 34.7811 42.8373 55.2802
Equity 0.0003 0.0001 0.0001 0.0001 0.0002 0.0005 0.0006
Strongholds 0.4735 0.0676 0.3005 0.3635 0.4724 0.6165 0.6233
Incumbency 0.0999 0.0624 0.0005 0.0042 0.0978 0.2116 0.2231
Electoral race 0.2762 0.4478 0.0000 0.0000 0.0000 1.0000 1.0000
Left 0.4939 0.0739 0.2822 0.3573 0.4943 0.6299 0.6415
Iny 10.2558 0.6729 8.8873 9.4755 10.1792 11.3885 12.5248
Ink 10.4171 0.7048 8.8781 9.5155 10.3532 11.7723 12.5375
Inl 6.7090 0.5942 5.6017 5.9852 6.4977 7.6857 8.5389
In Oy 8.3371 0.6770 6.4943 7.4972 8.2962 9.5269 10.1984

Table A2. Descriptive statistics for dependent emaldpendent variables — Germany439)

Variable Mean StdDev  Min 50 Median o5" Max
Percentile Percentile

Alng 0.0298 0.0245 -0.0037 0.0089 0.0231 0.0767 0.2213
Efficiency 5.1188 2.4311 2.5566 2.7446 42469 10.9511 12.1032
Distribution 46.7350 9.8070 24.2491 30.6071 46.8987 62.2887 74.6434
Equity 0.0029 0.0046 0.0001 0.0002 0.0006 0.0166 0.0213
Strongholds 0.4738 0.0881 0.2363 0.3131 0.4885 0.6160 0.6568
Incumbency 0.1062 0.0815 0.0000 0.0070 0.0955 0.2521 0.3333
Electoral race 0.3235 0.4683 0.0000 0.0000 0.0000 1.0000 1.0000
Left 0.4439 0.0806 0.2678 0.2936 0.4413 05874 0.6434
Congruence 0.4234 0.0973 0.1048 0.2277 0.4246 05882 0.6519
Iny 11.2383 0.9673 9.1516 9.6959 11.1741 12.7983 13.0715
Ink 12.8103 0.9596 10.8946 11.3233 12.7429 14.3866 14.6084
Inl 7.4170 0.9029 5.8856 5.9410 7.3286 8.8798 9.0491
In Oy 9.6665 1.0927 7.2834 7.9073 9.7035 11.2912 11.4391
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Table A3. Descriptive statistics for dependent amigpendent variables — Italg=500)

Variable Mean StdDev  Min 5 Median o5" Max
Percentile Percentile
Aln g 0.0225 0.0251 -0.0069 -0.0023 0.0156 0.0770 0.1436

Efficiency 44906 2.9407 0.9578 1.1698 3.5627 10.6820 14.1450
Distribution  46.0254 8.6157 24.2825 32.7750 45.4300 61.1102 69.5105
Equity 0.0018 0.0024 0.0001 0.0002 0.0007 0.0078 0.0135
Strongholds 0.2773 0.1410 0.0000 0.0523 0.3073 0.4884 0.5407
Incumbency 0.1305 0.0821 0.0016 0.0131 0.1233 0.3146 0.3627
Electoral race 0.1720 0.3778 0.0000 0.0000 0.0000 1.0000 1.0000

Left 0.3984 0.1195 0.0000 0.1893 0.4100 0.5773 0.6063
Regional partie 0.0450 0.1111 0.0000 0.0000 0.0005 0.3441 0.4980
Iny 10.3938 1.0998 7.7470 8.1236 10.4088 11.8595 12.5048

Ink 12.0140 0.9751 9.5125 10.0324 12.0723 13.3624 14.0462

Inl 6.5824 1.0299 3.9627 4.4161 6.5201 7.9306 8.3082
Ing,, 9.0740 0.6525 7.2465 7.7457 9.1976 9.8550 10.2246

Table A4. Descriptive statistics for dependent ngdgpendent variables — Spanr255)

Variable Mean StdDev  Min 5 Median o5" Max
Percentile Percentile
Aln g 0.0480 0.0431 -0.0186 -0.0094 0.0385 0.1415 0.2072

Efficiency 15775 0.9920 0.3356 0.5602 1.2989 3.8287 4.7869
Distribution  30.7125 5.4250 15.1243 21.3953 30.5139 39.3054 42.7330
Equity 0.2388 0.3384 0.0147 0.0239 0.0967 1.3300 1.6265
Strongholds 0.3945 0.1103 0.0183 0.1470 0.4018 0.5416 0.6070
Incumbency 0.1284 0.0988 0.0014 0.0141 0.1101 0.3252 0.3875
Electoral race 0.2941 0.4565 0.0000 0.0000 0.0000 1.0000 1.0000
Left 0.4759 0.0911 0.2428 0.3133 0.4704 0.6388 0.6691
Regional partie 0.0781 0.1483 0.0000 0.0000 0.0000 0.4928 0.6000
Congruence 0.6275 0.4844 0.0000 0.0000 1.0000 1.0000 1.0000

Iny 16.5236 0.9087 14.5997 14.9980 16.4343 18.0740 18.2571
Ink 16.0945 0.8350 14.1620 14.5537 16.0288 17.3941 17.8424
Inl 6.2078 0.8857 4.3621 45031 6.1134 7.5546 7.7433
Ing,, 13.8876 0.8111 12.0718 12.3517 13.9654 15.0901 15.5591
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