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The evaluation of the impact of public infrastruetiis a very important exercise,
given that the size of the budget for public worksjuite large in all the levels of
government. In this paper we present a new metbggdio measure the impact of
the transformation of national roads into highwewth an application to the Spanish
case. During the period 1984 to 2000 there was g \&stive process of
transformation of national roads into highways/dealriageways in Spain. We
analyzed the attraction of firms to the transformedds by dividing the Spanish
roads system into 20-km long segments and locatiegng their GIS coordinates,
each new firm in the catchment area of one of tlseggnents. Once we obtain the
number of new firms in each segment we use sewatthing estimators to compare
the number of new firms per square kilometer intthesformed and untransformed
segments. The results show an increase in the nuofbffrms and employment
located in the transformed segments within theiainifirst decade following the
transformation, although the effect is not statadty significant. Therefore, the
transformation of national roads into high capacibads (highways or dual
carriageways) did not have an additional attracéfiact of firms with respect to the
segments that were not transformed.
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1. Introduction

Credible and sensitive methods to evaluate theteffiepublic infrastructures on
economic development are critical to understandettb@nomic relevance of these
programs. This is especially important since veffero governments use the
construction of public infrastructures as a gendguice to spur growth. There is a
renewed emphasis on the beneficial economic effettgublic infrastructures by
international development agencies like the Wordahig and the continuing efforts of
the EU to finance these kinds of projects. In 2Qh6 Obama Administration
announced a “bold plahto renew and expand the infrastructures in thewbi&h
includes a 50 billion dollars up-front investmentdix-years. This renewed interest
for the investment in infrastructures should beahnedl with the search for credible
analysis on its impact on long run growth and ineadistribution.

The results of the economic literature on this essare controversial. The
emergence of the literature on the effects of jublirastructure on productivity and
growth took place around the end of the 80’s ardbibginning of the 90’s. Most of
the initial papers, focused on estimating aggregateduction functions, found
(incredibly) large elasticities of production tohbie capital. However, the model
specifications and econometric techniques usedhbget initial papers had many
pitfalls. Varying the level of aggregation of theata (national, regional,
metropolitan), and using more sophisticated tealesqto estimate production
functions, the effect of public infrastructure orogth reduces drastically, and even
tends to disappear. Even if one could rely on #seilts obtained in the estimation of
aggregate production functions, it is under questdether that is the appropriate
way to evaluate the long run growth impact of a rewmproved infrastructure on
the area that has received the investment.

In this paper we propose a microeconometric metloggao measure the impact
of new highways on local economies, diverging fritra mainstream studies in two
dimensions. On the one hand, we focus on the mtat new firms and employment
instead of aggregate measures of output; on thex,otfe use matching techniques to
control for the possibility of endogeneity in thectsion of the investment and the

location of new highways.

! These are the exact words included in the documfehe Department of Treasury (2010).
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The outline of the paper is the following. In senti2 we review alternative
procedures to evaluate the impact of public inftecttires and, in particular,
highways. Section 3 presents the basic set-upeafdumsexperiments, the data and the
estimation procedures proposed to analyze thetedfdbe transformation of Spanish
national roads in highways. Section 4 presentsréiselts. Section 5 contains the

conclusions.

2. Theimpact of publicinfrastructure

In this section we cover a brief summary of theréture on the effect of public
infrastructures. We divide the section in two partethodological issues and the
impact of public infrastructures in Spain. The dssion of the previous estimations
for the Spanish case will lead naturally to the tnsgction which discusses our

estimation procedure.

2.1. The impact of public infrastructures: methadptal issues

The traditional literature dealing with the econoreifect of public infrastructures
has relied on the estimation of aggregated prodndtinctions with public capital as
an additional input of production. Although we cfimd early estimates in Eberts
(1986), it was not until Ashauer (1989)2 obtainedeay large output elasticity of
public capital (larger even than the one for peveapital) that studies on this topic
suddenly spurred. The initial studies estimatediZobuglas production functions
using aggregate post-war time series data for thieet) States. The results obtained
by Ashauer, supported by Munnell (1990a) and Lyadd Richmond (1993), were
guestioned by Aaron (1990) and Tatom (1991) argthiag the strong result was due
to the spurious correlation that arises from thenmon trend of output and public
capital. When these authors corrected for nonstatity of the national time series,
the estimates were not significant, and therefloeerélationship washed out.

To partly overcome the time series problems, dtatel data were incorporated
into the analysis. Munnell (1990b) and Garcia-Mitad McGuire (1992) obtain much
lower values for the output elasticity of publicpdal when estimating state level

production functions. Their analysis, though, hapotential endogeneity problem

2 It is interesting to notice that the documentustify the new US plan to invest in infrastructu¢as
economic analysis of infrastructure investment) igfers to this paper despite the long periodirog
passed since its publication.
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related to an omitted variable bias, state spepiftciuctivity shocks, not observable
but correlated to the observable inputs. In Holdkik (1994), Evans and Karras
(1994), Holtz-Eakin and Schwartz (1995) and Gakldi&, McGuire and Porter
(1996), state specific productivity differences taken into account through a panel
data estimation that includes state-specific effedthe estimates for the output
elasticity of public capital turn out to be verydar even zero. Furthermore, Garcia-
Mila, McGuire and Porter (1996) find evidence tphavate capital could be measured
with error, which in turn would put under questithe panel data estimates. More
recent work by Fernald (1999) finds that, as a equence of the construction of the
interstate highway system in the 1960’s, there avirge increase of productivity in
industries that are vehicle intensive (for instangas utilities or, obviously,
transportation) relative to industries that deplesd on vehicles.

Since the middle of the 90’s there has been a gigpwiterest for the application
of econometric methods that achieve cleaner ideatibn than the traditional
production function approach. These methods proaid=gedible approach to deal
with sample selection and endogeneity problems.rimeber of applications of these
methods to the evaluation of economic policiesicseasing exponentially.

By analogy with natural and medical sciences, tighdst ranked methodology
among the techniques that can prevent endogeneitylgms is the experimental
approach, which is based on generating a treated aawontrol group selected
randomly and tightly controlled. Several well knosxperiments like Mexico’'s
PROGESA program, the Proempleo program of Argertinthe vouchers program
of Colombia have attracted a lot of attention amdémg economist. However, the
purely randomized experimental approach cannot veaily in the context of the
evaluation of the economic impact of public infrastures. Only very recently
Quintana and Gonzalez (2010) have used an expdameesign of randomly
assigned treatment (pavement covering) to analgeeetfect of paving roads in
Acayucan (Mexico). They show that newly paved roedse the price of housing,
which they interpret as an increase in living stadd, which exceeded the cost of
paving.

Despite this example, the strictly experimentalrapph is not easy to implement
in the case of infrastructure and it is not feasilsl the context of large public

infrastructures. For this reason the literaturghmneffect of infrastructures has turned
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into natural or quasi-experimeftsin the context of the impact of public
infrastructure on economic performance there ana@easing number of papers that
deal with the endogeneity and sample selectioreidsu using either instrumental
variables, matching methods, or assuming some &fexogenous variation with

respect to the construction of the infrastructure.

In the first line of research, some authors hawcbed for instruments to study
the effect of the construction of large infrastures. Hooks et al. (2004) consider the
impact of the construction of prisons on total emypient growth of the counties.
They analyze data on new prisons from 1960 un®418nd evaluate the impact of
these infrastructures on the pace of counties’ eympént growth. They compare
metropolitan and nonmetropolitan counties usingrgke differences estimator. The
methodology is not quasi-experimental in strictsggrsince they do not deal with the
endogeneity in the location of the prisons. Newddss, Hooks et al. (2004) use
instruments (unemployment rate in 1970 and totakha units in 1950) to deal with
that problem, although it is not clear how exogersets the variation of those
instruments. Duflo and Pande (2007) analyze thectffon productivity of the
construction of large irrigation dams in India. Yreso use instrumental variables. In
particular, they argue that there is a non-monctaalationship between the river
gradient and its suitability for a dam constructidhey claim that the river gradient
can be used as a suitable instrument since ittaftee possibility of having a dam
but it does not affect directly productivity. Thégd a large increase in irrigated area
and agricultural production in the downstream fribve dams.

However, in the context of the analysis of the iotpaf the construction of
highways in the US the ultimate instruments are Naional Interstate Highway
Plans prepared in the 40’s. Many authors have tlsegk plans as an instrument to
analyze several types of infrastructures. The bagjament is that those Plans were
basically designed to facilitate national defensel anot to improve economic
development in those areas, at least conditionabservable variablésBaum-Snow
(2007) shows that highways caused suburbanizatiothe US. To deal with the

potential endogeneity of highway assignment he ubkes number of highways

% Donaldson (2010) departs from these two methodssig a structural model to analyze the impact of
the construction of the railroad in India. Howevarthe estimation, he uses the argument that the
network of railroads was constructed for militaggasons and not economic arguments. To address the
possibility of endogeneity bias Donaldson (2018@paistimate the contrafactual effect of the raileoa
that were planed but never constructed.

* The instrument is based on the intention to aegtiment.
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planned in the 1947 National Interstate Plan asnatrument for the number of

highways built. There are other recent studies ttatsider the US Interstate
Highway System as a viable source for a policy erpent. Michaels (2008) uses the
construction of highways to analyze the effect eflucing trade barriers on the
demand for skills. Michaels (2008) considers thesgality that political or economic

conditions may have affected the specific placenséhighways in contrast with the

original design. He proposes to use two instrumémtdeal with this problem: an

indicator of having the highway planned in 1944 ane orientation of the nearest
large city with respect to each county’s geogram@otroid. Michaels (2008) finds

that highways facilitated the use of large truckducing barriers to trade across
counties. However, highways had no effect on theade for high-skilled workers

relative to low-skilled in manufacturing.

A second alternative for identifying the effect dhe construction of
infrastructures is the use of quasi-experimentmatthing techniquésThis avenue
has been less frequent in the literature. RephathIsserman (1994) consider a
guasi-experiment to examine the impact of highwaysstruction on counties, which
obtained a link or are close to one. Their approdgés not use matching on the
propensity score but a different technique, whraplies three steps. First, they apply
a sequential caliper, then they calculate a siitylameasure (based on the
Mahalanobis distance) and, finally, they use theaed “optimal matching” to set
the twins (treated observation-control). Rephanth Bserman (1994) conclude that
the benefits of the interstate system are condewtian the areas close to large cities
or with a high degree of urbanization in the peatment period. Isolated rural areas
and areas close to the interstate network do ieiwe any benefit.

A third alternative is to justify the existence sime exogenous variation in the
data. This is the approach adopted by Chandra aondpson (2000). They analyze
the relationship between interstate highway coetitn and the level of economic
activity. They argue that the construction of a eghway is endogenous in the case
of metropolitan areas but it is unrelated with petnomic performance in the case
of non-metropolitan areas. As we have already atdd, the US Interstate Highway
System was designed to connect major metropoliteasain the US and to serve to

®Dehejia and Wahba (1999) show that, for instamoatching on the propensity score produces very
similar results to a randomized experiment.
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national defense In principle the fact that a highway goes throwegparticular non-
metropolitan area is a consequence of the needkdwo metropolitan areas with the
lowest cost. Therefore, for non-metropolitan argeshighway could be considered
an exogeneous event.

Chandra and Thompson (2000) use this exogeneityrgeor to justify a quasi-
experiment in which the treatment group is the nmiropolitan counties in the US
that received an interstate highway and the corgroup is the non-metropolitan
counties that never had an interstate. ChandraTandpson (2000) also study the
effect of a new highway on areas that are closéh¢ocounties that received the
highway but the infrastructure does not cross tteghitory. Their findings show that
non-metropolitan counties that received a highwapegenced an increase in
earnings compared to counties where the highwayndidcross through. However,
counties that where adjacent to highway countié®ei®d a reduction in retail trade
and government earning. Chandra and Thompson (20@0n that this finding
explains why some authors find no statewide impaEcpublic infrastructure on

output.

2.2. The impact of public capital: the Spanish case

The literature on the impact of public capital dw teconomic activity is very
prolific for the case of Spain. This is probablygart the outcome of availability of
high quality regional data on capital, both privare public, elaborated by IVE
Fundacién BBVA, which distinguishes Spain from otli®iropean countries. The
Spanish studies also started using aggregate gnessas is the case in Argimon et.
al., (1993), and Bajo y Sosvilla (1994). Later warloves to regional production
function estimates that use panel data technigu@snasome cases control for spatial
productivity spillovers (Mas et. al. (1996). Funthgork has been done estimating
cost functions (Avilés et. al. 2001, Bosca et. 2002, Moreno et. al. 2002), or
evaluating the effect of public capital on TFP (@aret.al. 2005).

When human capital is included, together with pubdpital, in the estimation of
a production function (as in de la Fuente and Vi#895), the impact of public
capital is reduced and part of the productivityeeffis shared with human capital.

® Federal Aid Highway Act of 1944,
" Chandra and Thompson (2000) present some evideatsupport this assumption (page 482).
8 IVIE stands fornsituto Valenciano de Investigaciones Econémicas.
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Although there is also a large spread of resultgife Spanish case, all available
estimates, to our knowledge, find a positive (eifehis small) output elasticity of
public capital that ranges between 0.07 to 0.02.eNbeless, the drawbacks pointed
out in the previous section on the estimations rodpction functions as a way to
identify the impact of public capital on the econgrapply in general to all these
studies.

Only recently Holl (2004) estimates the impact @dd transport infrastructure on
manufacturing location using a microeconometricrapph. Holl (2004) considers a
fixed effect Poisson specification to analyze # tihunicipalities that are closer to a
highway attract more new business than the ondgkeiuaway. Holl (2004) argues
that highway construction can be assumed to be emag to changes at the
municipality level because the decision about thé&e of the highway is taken at a
higher governmental level. Using this exogeneitguasption, she regresses the
number of new manufacturing establishments on peofar intra and inter-regional
demand accessibility, supplier accessibility arstadice to the closest highway. Holl
(2004) finds that highways affect the spatial disition of new manufacturing
establishments increasing their number in munitipalclose to highways. She also
finds sectoral differences in the attractivenessohicipalities close to highways.

3. A pseudo-experimental approach to the impact of highways.

In this paper we propose to measure the impacipgfading roads to highways
that considers the likely endogeneity problem ie tipgrading decision. The basic
units of analysis are segments of roads of 20 kmy-End 10 km-wid& Our objective
is to estimate the difference in the number of mstablishments, or employment, in
the catchment area of segments transformed intoMags/dual carriageways versus
the roads not upgraded. We consider that the wamstion of roads into highways
may not be independent of the characteristics ef dreas transformed. For this
reason we propose to treat this problem as a psexmlEriment, and match the
treated and control segments using their obsendc@eacteristics. In this respect our
exercise is related with the approach in Repharth laserman (1994). However,

there are significant differences. First, we coesid segment of a road as the basic

° We also consider segments of 20km-long and 20kdewo check the robustness of the results.
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unit of analysis while Rephann and Isserman (198dk with countie¥’. In fact
they restrict the treated counties to contain asti@ine miles of interstate highway.
Our segments are constructed on top of the roadistherefore, correspond exactly
to the same distance from the main road in alldhges. Second, we consider the
location of new establishments in each segment,th@®employment generated by
them, as the variable of analysis while Rephann lasdrman (1994) work with
county income growth rates. Third, we compare sdvalternative matching
estimators, including propensity score methods.af§e perform an intense scrutiny
of the segments, in form of formal tests, to make gshey are comparables and that
the overlap condition is satisfied. Finally, we bdarger samples than Rephann and
Isserman (1994).

Our focus on the impact of transport infrastructomefirm location at a low level
of geographic disaggregation is related with thpragch in Holl (2004). However,
Holl descends to the level of municipalities white use segments of highways. Holl
(2004) considers the potential simultaneity probleetween firm location and the
placement of new highways. To deal with this problef potential endogeneity she
runs a Poisson fixed effects estimation. We approttte endogeneity issue

differently by using a matching estimator.

3.1. The pseudo-experimental approach.

Following the standard notation of the Rubin’s @umsodel for potential outputs
let's consider the existence of N units, i=1,...N,iethin our case are segments of
roads. Each unit has two potential outputgP)Yfor the outcome under the control
and Y;(1) for the outcome under the treatment. Additipntdere may be a set of pre-
treatment variables, X. Each unit is either exdosethe treatment (W21) or not
exposed (W£0). Each observation is completely characterized triple (W, Y;, Xi),
where Y is the realized outcome.

Y0 ifw=0

Y@ ifw=1

Therefore, the problem is transformed into a mgsiariables situation in which one

of the outcomes is always missing for each obsematWe are interested in

9 The construction of the segments, described iméxe section, guarantees their exogeneity with
respect to any “a priori” selection.
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estimating the average treatment effect (ATE) ef tilansformation of a road into a
highway' and, therefore, we want to evaluate the expression

ATE=E(Y() -Y(0))

In the context of this framework there are two basinditions for identification.
First of all we need unconfoundness, which implieat the treatment and the

potential outcomes are independent conditional set af X variables.
Y@ -Y(@©)OW|[X

The term unconfoundeness is used mainly on staigRosembaum and Rubin
1983). Economists call this property selection bsesvables (Fitzgerald, Gottschalk
and Moffit 1998) or conditional mean independertgecondly, we need the overlap
condition. The overlap condition implies that theolmbility of receiving the
treatment must be positive.

1>PrW =1|X)>0

This assumption implies that when, for instance, magch observations in the
treated and the control group we can always fingeokations in both groups with
similar probabilities of having received the treatrn

To deal with the likely selection bias in the laoat of highways one can use
several matching procedures. For instance, the epsity score technique
summarizes the influence of the observables ortrf@ment in a scalar indicator.
The propensity score(X), is the conditional likelihood of receiving treatme

e(X)=PriWW =1| X =x) = EW | X =X)

This method balances the observed covariates bettieetreatment group and
the control group. Therefore, after matching on ghapensity score the control and
the treatment groups are identical in terms ofdiheerved characteristics. Obviously,
if the set of X variables does not contain the mogtortant determinants of the
placement of the highways then it would not be fdsgo reproduce the results of a
randomized experiment. Rosenbaum and Rubin (1983w s that under
unconfoundeness, the matching of control and treatngroups generate an

observational analog to a randomized experimenfiadh Dehejia and Wahba (1999)

! There may be other objects of interest like therage treatment effect on the treated, the populati
average treatment effect, marginal treatment effestt.

10
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show, using the data of Lalonde (1986) from the N&ional Supported Work
Demonstration (NSWD) program, that matching on phepensity score provides
very similar answers to the original randomizedegitpent?. Once the matching has
been conducted the evaluation uses differencefereliices-in-differences or panel
data techniques to estimate the average treatrffent.e

The use of matching techniques has increased adtadte during the last years.
Most of the applications are centered on the etalunaof active labor market
programs (training, search help, subsidized empémetc.). However, in the
context of development economics there are seesallations of the impact of the
construction of roads in underdeveloped countfi®s.example social funds usually
target poor communities. Some areas apply, sonas ale not, and some others are
rejected. Therefore, some areas receive a roaa wthiers in the same targeted area
with poor infrastructure will receive nothing. Vae Walle (2002) reports the
evaluation of a rural road in which using simptisegressions of incomes of villages
that get the program and those that do not, seenmslicate a large income gain due
to road construction when, in fact, there was n&an de Walle and Cratty (2005)
compare the kilometers of road rehabilitated in camities that participated in an
aid-financed project with a control group of comnties that did not participated,
finding no sign of any impact.

Another issue is the distinction between the amalysf the construction of new
roads versus the improvement of already built roddthe case of the impact of new
roads the problem of finding suitable matches ffieated units is quite difficult. Much
easier is the issue of the improvement of old raadese it is eventually possible to
find a matching with a non-improved road that can used as a control. Any
matching technique should include the socio-econonunditions of the areas
covered by the improved road and the control rgaapylation density, mix of
agricultural/non-agricultural production, educatitevel, sectoral composition of

employment, etc.).

12 alonde (1986) had already shown that observatimethods (like regression) provide the wrong
answer due to a large selectivity effect. The narametric nature of the matching method avoids the
strong parametric assumptions implied by other pugtof correction for selectivity like Heckman’saw
stages. In addition it is well known that the pag#ic methods are very sensitive to specification
changes.

11
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3.2. Empirical strateqy and data

In this section we consider the application of thethodology proposed in the
previous subsection to the evaluation of the impédhe transformation of national
roads into highways in Spain during the period 128@0. Figure 1 presents the
situation of the Spanish national roads/highway$esy in 2000. While in 1984 Spain
had 2,286 Km. of highways and dual carriageways2@®0 that number had
increased to 10,443 Km., being the major part efdhange an upgrade of national
roads to high capacity roads. Since we want toyaeathe transformation of a
national road to the category of highway we ardidgawvith a simple situation in
terms of constructing a matching for the treateshsr The basic idea is to analyze the
number of new establishments and the creation beEmgployment around the new
highways in comparison with the number of new dsthiments and net job creation

around the non-transformed national roads.

[Figure 1 around here]

First of all we divide national roads and highwaysegments of 20 kilometers.
The Spanish system is basically radial, which meéhas most of the national roads
and highways begin in Madrid and end in the coEs¢refore, we start measuring the
segments from Madrid towards the endpoint in thestoSince it is possible that the
last part of the segment has less than 20 km wetwat also a variable that
measures the length of the segment. For roads mhavélys that do not begin in
Madrid the rule to start the segments is from SdatMNorth. In order to check the
robustness of the results we consider two diffesizes for the catchment at&al0
km and 20 km.

For the matching of transformed and untransfornwatls we are going to use
several procedures, including the propensity saoching. As covariates we
consider all the pre-treatment information ava#abin the Census about
demographics, labor market characteristics, sdctmia and education in each

municipality.

13 We use the term catchment area in a loose sengenkral, a catchment area is not a fixed segment
depends on the capacity of the infrastructurettaettactivities that are developed around it. We a
going to use “catchment area” as a fixed area.

12
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The proposed methodological approach requires database with the exact
location of establishments to be able to determhoey many firms are in the
catchment area of the different segments of roadshagghways analyzed. Probably
the only database that contains such detailedrirdtion about location is the data of
Duns & Brandstreet for Spdih This dataset contains tlig of more than 1 million
active establishments, their exact address, tleitos of activity (SIC, four digits),
the year of birth of the firm, the number of cutremployees, an indicator for
headquarter, the region, province and municipadisy well as the zip code. The
addresses were transformed into Universal Tranevdiercator (UTM) ED50 zone
30 coordinates by Geomarketing, Arvato Servicesgu€lSl| software. In some cases
(around 10%) the exact address was not availabtberdataset, or the GIS system
could not find it. In those cases, and since thegdacode was available for 99,9% of
the establishments, the UTM coordinates were catled! for the center of the
centroid corresponding to the postal code.

Once the exact location of each firm has been aéted, we assign them to their
corresponding road segment. Some firms are naided in any of the segments and,
therefore, they are not considered. In other cases firm could be potentially
included in two segments. This happens more ofteernvthe catchment area is 20 km
and it is less frequent if the wideness of the sgns reduced to 10 km. If that is the

case we allocate each firm to multiple segmentliftédrent road categories.

[Figure 2 around here]

Figure 2 presents the basic structure of our datgraphical example. It shows
the location of the establishments in one particidar digits sector, which has been
chosen to have a low number of firms in the noghte quadrant of Spain to
simplify the graphical interpretation. The diffecenbetween the two figures is the
size of the catchment area (10 km or 20 km). Caértirareas are classified in two
groups: the ones that have been transformed igtoaldys and the ones that have not

been transformed.

“We use the 2003 edition of the Duns & Brandstdeta set for Spain.

13
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3.3. Estimation procedure

The estimation of the average treatment effechefttansformation of a national
road into a highway/dual carriageway could procesthg several methods. We
could estimate regressions for the two conditiohaictions derived from the
transformed and untransformed samples or we caddaunon-parametric estimator.
We are going to adopt this second strategy usimgatching estimator. Matching
leads to consistent estimators under weaker assumshan least squares estimation
of a parametric regression.

The basic problem for the estimation of the effettthe transformation of a
national road in a highway is the existence of mgspotential outcomes
corresponding to the situation that would have balgserved had the road not been
transformed (treated units had they not been ul¢ated the outcome of roads that
were not transformed had they been transformed tfeated units had they been
treated). Matching estimators solve the missingemtiol outcomes problems by
imputing the missing value using the average oue=wf the nearest neighbors of
the opposite treatment group. Basically, matchisgneators impute the missing
outcomes for transformed roads had they not bemmsformed by finding other
segment in the data whose covariates are similatHa were not exposed to the
treatment. This is similar to a non-parametric kémegression with the number of
neighbors defining the bandwidth of the kernel. fehare two basic elements in the
matching estimation: the definition of “distancef’ @ neighbor and the number of
neighbors included in the imputation of the missmgcomes. The adjustment based
on the distance can take into account all the catesr directly or use the propensity
score. If we consider all the covariates then tim@utation is performed in the
following way. Let’'s consider the sample (W, X;) for i=1 to N. Definedy, as the
distance from the covariates of unit i, X0 the nf' nearest match with the opposite
treatment. Assuming that there are no ties theimualade the observations such that
m units of the opposite treatment are the neaceshit i. Define k(i) as the index

that satisfies that
> e JXG =X KX, =X [f=m
Where 1(.) is an indicator function. Th) would be the nearest match to i. The

set of the closest m matches is defined @&)£[l1(i), 12(i), ... Im())]. The outcomes

are imputed using the following criteria

14
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A Y, if W =0
YO=1um Yy, it w=1

0w ()

0L (1)

Y, it W =1

1/ Y, if W=0
Y“i(1)={mz‘ o

The simplest matching estimator can be calculased a
N

S =UNYLY, ()Y, )]
i=1

Where m is the number of neighbors used to cakeula imputed values of the
potential outcomes. This estimator is the one usednost of the literature on
program and project evaluation, even though thédtetically biased. However, if the
number of controls is sufficiently large with respdo the treatment units this
problem is not important. In addition, usually #etual bias is small. In the following
section we compare the results of this type ofresttors with the bias-corrected
estimators proposed by Abadie and Imbens (2006).

The estimator depends on the definition of theadis¢ used to characterize the
“closeness” of the covariates. Three are the la®cnatives:

a. the standard Euclidean metritx; = x; |I= (% = X;)' (% = X;)
b. the generalized Euclidean metr|tx; =y, | (X, —xj)'diag(Z‘l)(xi = X;)
c. the Mahalanobis metridfx —X; |F (X —xj)'Z‘l(xi =X;)

wherex; is a vector of characteristics of segment i, &nd the covariance matrix

of the covariates.
An alternative way to measure closeness is base@ aimngle indicator, the

propensity score, instead of using all the covesiafThe propensity score is the
conditional probability of receiving a treatment

exp(Xp)
1+exp(Xp)

The propensity score can be used to weight thenadisens, block on it or use the

ex)=PrW, =1| X =x) =

score as a variable in a regression. We are goiegttmate the treatment effect using
ZN: i @A-W)Y,

1-&(X))
N

5P| =
w o 1w

gle(xi) 21-e(x,)
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Following Hirano, Imbens and Rider (2003) this rastior will be efficient if the
propensity score is estimated with a nonparamestienator.

4, Resaults

Given the nature of our data we consider the corsmarof several alternative
estimations. First of all, we have constructedamegtes of two different sizes: 10km
wide for 20 km long (10KM sample) and 20km wide 28 km long (20KM sample).
Notice that some of these rectangles may be shitrder 20 km long depending on
their location and the limit of the coast. For treason the variable that we analyze is
the number of firms divided by the length of thgmsent measured in kilometers
We have calculated the number of firms in eacharegle. However, when firms
belong to the catchment area of several roads, sggra firms to multiple
roads/highways. When we use the propensity scotbeasnatching mechanism we

estimate the following logit mod@l

eX) = Pr(T, =1/ X = x) = A(B, + B,EDUL, + B,EDU2, + B,PART + B,UNEMP
+ B,RAGR| + B,RCONS + 3,RSERV+ Z,RWEMP+ B,RNEMP+ 3,,DEN.)

where T=1 if the segment has been transformedhiglavay and T=0 otherwise.
The pre-intervention variables are the proportioin vorkers with secondary
education (EDU1), proportion of university gradsasenong the working population
(EDU2), participation rate (PART), unemploymentergtJMEMP), proportion of
working population in the agricultural sector (RAGRproportion of construction
workers in the working population (RCONS), propaontiof workers in the service
sector over total working population (RSERV), prdmm of entrepreneurs with
workers in the total working population (RWEMP),oportion of entrepreneurs
without workers (RNEMPY and population density (DEN). Initially we considke

characteristics of the municipality where the seginstarts.

[Table 1 around here]

'3 During the remaining of this section we will referthe treatment effect in terms of “firms per 10
square kilometers”, which has to be interpretethasiumber of new firms per rectangle of 1km by

10km.

'® The same explanatory variables are included wisergualternative definitions of distance.
" Notice that the last two variables add up to trepprtion of entrepreneurs in the working populatio

and notto 1
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In order to check the sensitivity of the results tt@ characteristics of the
municipalities in the different segments we consitieo alternative choices: the
municipality where the segment begins and the nipality where it ends. Table 1
presents the basic descriptive statistics for lmbibices. The first fact reflected by
table 1 is the small difference in the average attaristics of the municipalities
where segments begin and end. The average levelumfation of the municipalities
at the beginning of the sample period is low, vétproportion of primary education
(complete or partial) reaching 40% and a proportdriertiary education around
5.9%. The participation rate of the municipalitiesluded in the sample is 48% with
an average unemployment rate reaching 18.5%. Toeéuptive structure shows a
large agricultural sector, at least compared whith ¢urrent situation. The proportion
of entrepreneurs with employees is low (around 5%hally, density is high
compared with the average density of Spain. Ndtie¢ national roads and highways
do not run through high mountains and places wiificdlt access. In addition, notice

that we are assigning the characteristics of theiaqality to the whole segment.
[Table 2 around here]

Table 2 shows that the test of the mean propessitye by blocks (five) cannot
reject the null hypothesis that the characterisbcshe segments are appropriately
balanced for treatments and controls. The testsliitdrences in means for the
balancing property by blocks are satisfied (regot significant difference) in all the
blocs®. Figures 3 and 4 show a high degree of overlajerims of pre-intervention
characteristics. All these indicators point in the direction ofviveg a well-balanced

matching of treatments and controls using the prsipgscore.

[Figure 3 around here]

[Figure 4 around here]

18 Results under request.
¥ These results are common to all the estimatiosedan the propensity score presented in the
following paragraphs.
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Tables 3 to 5 present the estimation of the treatraffect of the transformation
of national roads into highways. We analyze twaegypf interventions. The first type
of intervention is summarized in T, which takesadue equal to 1 if a national road
has been transformed into a dual carriageway dglway”® and 0 otherwise. The
second intervention, T1, is equal to 1 if a natiormd was transformed into a
highway/dual carriageway or a regional road intoasional road, and O otherwise.
We present estimations for segments of 10 Km walthough the results for
segments of 20 Km. wide yield similar qualitativesults. We calculate three
different matching estimators using the socio-eomgo characteristics of the
municipality at the initial, and at the end partloé segment.

We use two different measures to capture the effédhe treatment, the net
creation of firms (Table 3) and the net creatiorewfploymertt' (Table 4). For both
measures we estimate the treatment effect resgidine sample to only those
segments with no missing values, that is with asti®@ne firm in the segment (NM),
and also we estimate the effect with the full sampkluding those segments that
have no firms and therefore no employment (Allsigising to them a value of zero
firms/employment. The last three columns in eachletapresent the matching
estimators. In all cases we have matched eaclretresggment with four controls.
Abadie and Imbens (2006) show that four matchetoperextremely well in terms
of mean squared error. The first of these columny4)) uses a generalized
Euclidean distance as the metric for proximity. Beeond column (BC) contains a
bias-corrected estimator following the proposalAimadie and Imbens (2006). The
correction uses the same regressors included idotfie model. Finally, the third
column presents the results of the estimation usiogensity score matching. In this
case the estimation of the standard deviation ef dherage treatment effect is

obtained by bootstrapping.

[Table 3 around here]

In Table 3 we are interested in the treatment eftdcthe transformation of
national roads into highways/dual carriageways, suead as the number of new

2 In previous versions of the paper we consideratiércontrol group all the segments that were

untransformed.

2L The employment is also divided by the actual leruftthe segment to control for the fact that ribt a

the segments are 20 km. long.
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firms located in those transformed segment versescontrol group (untransformed
segments) over the size of each segfefithe first row of table 3 presents the
estimated average treatment effect consideringfibamations over the whole period
analyzed but taking into account only the segmuiitis at least one firm within the
segment. The point estimator is always positiveeve use four matching controls
for each treatment and the generalized Euclideastarie the effect of the
intervention is almost 26 firms per 10 square kidens, which is statistically
insignificant®. The bias-corrected estimator leads to a verylaimesult, with the
effect of the intervention being 28 firms per 10 *%kand a coefficient that is
statistically not significant. Finally, the last lamn contains the result of the
estimation matching on the propensity score. Thexame treatment effect is higher
than the other two estimates, a litle above 3mdirper 10 kfy but still not
statistically significanf® Results using the socio-economic characterisifcthe
municipality at the end of the segment yield simitasults, if anything slightly
smaller in the estimated coefficients, which amgistically insignificant. The next
two rows consider all segments, including those Hae no firms, with estimated
values lower and still insignificant. The seconahglaof Table 3 presents the results
for an intervention (T1) that adds to the treatnthattransformation of regional roads
into national roads. The estimations obtained adi@gtively similar, with estimated
values that tend to be smaller than their countespa the first panel, with the
exception of the estimate for non-missing, initralnicipality, propensity score
matching, that yields a point estimate value offifds, higher than the others but

still not statistically significant.

[Table 4 around here]

Table 4 measures the effect of the interventiothieynet employment created by
the firms located in each segment, instead of simplinting the number of firms.
The idea of considering this alternative measute trrect for the potential bias that

could arise if the firms located in certain areasevsystematically smaller or larger

2 Notice that, since the length of the segment tsdentical in all the cases we need to dividetiy t
length in order to get a comparable measure asezgnents.

% The results are also not significant if we useyamle match for treated unit.

24 Additional estimations, using the Mahalanobisatiit for distance, and the bias-corrected estimator
with robust standard error estimation, yield simitesults for the analysis presented in Tables4£ to
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than the firms in other areas. The table is dide two panels; the top panel
analyzes the effect of transforming a national romdad a highway/dual carriageway
(T), while the second panel takes also into acce@ttransformation of regional
roads into national roads (T1). The first two ravfshe first panel present the sample
estimated average treatment effect consideringfoamations over the whole period
analyzed but taking into account only the segmueitis at least one firm within the
segment, and therefore positive employment. Wherctivariates refer to the initial
municipality the estimated effect of the interventis between 350 and 480 jobs per
10 square kilometers, depending on the matchingpadetised in the estimation. The
results are in all cases statistically insignificad/hen we consider the socio
economic characteristics of the municipality at grel of the segment, we obtain
slightly smaller estimates that are also statiyidasignificant. If all segments are
considered, including the ones that have no firmd therefore no employment, all
estimates, when compared with their counterpartgeims of matching method or
municipality criteria, are smaller and still insifjcant.

In order to control for the possibility that it &ktime for a road transformation to
have an impact on the economy, we present estinthtsrestrict the treated
segments to those that were transformed before ([[Gf3le 4).

[Table 5 around here]

Table 5 present estimates that consider only thomesformations that were
constructed before 1994. This time break up coexidith the end of the Plan
General de Carreteras 1984-1991, which in the idatkearly identified because they
were many transformations completed in 1992 an188 the transformations that
occurred before 1994 were from national roads Imgways/dual carriageway, with
no cases of transformation of regional roads inédional roads. Therefore the
analysis for the period before 1994 presents resully for treatment T, given that T
and T1 are identical. As could be expected, thimastd values presented in Table 4
are in all cases higher than their counterpartherfirst panels of Tables 2 and 3. For
the intervention effect measured in net firm c@at(first half of Table 4), the
estimated effect ranges from 24 to 54 firms, algioin all cases the coefficients are

statistically not significant. When the intervemtieffect is measured in terms of net
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job creation (second half of Table 4), the estimatepact ranges from 300 to 760 net
jobs created, but again in all cases the resutstatistically insignificant.

The results of all the exercises show that thestcamation of national roads into
highways did not have a significant effect on tlseremic activity located around
them. There are different explanations for thisited/lany of the roads transformed
were financed by the European Structural Fundsatiéal to Spain. It is well-known
that given the size of the funds correspondingpairg and that in large they had to
be spent in Objective 1 regions, it was not alwegsy to find economically sensible
infrastructures to justify the funds. Upgradingioaal roads was a simple way to
spend the resources allocated to infrastructure&spain. Therefore the decisions on
the roads to be upgraded were not based only omoeto considerations. Besides
the availability of ESF resources, mainly for Oligge 1 regions, criteria of
geographical “fairness” in the distribution of hwghiys were important in the decision
of upgrading as well as the consistence with thditional Spanish road system of
radial distribution. These criteria were quite impat since the upgraded roads did
not always coincide with the ones with the hightaffic index among all the
potential roads, as it is well documented in B&I1@).

We do not interpret the previous finding as implyithat the construction of
highways is irrelevant for business creation. Tésults indicate that the distribution
of the location of business is not affected by thensformation of roads into
highways. Since this is the implicit objective ofany regional development
programs, the finding of this paper imply that ttiansformation of roads into
highways do not lead to the location of more firameund the new infrastructures
would have they kept the simple road status. Howeties result does not imply that
the construction of highways is irrelevant for eaaric activity: the number of firms
in all type of segments may be increasing as a ezprence of the network
externalities produced by the increase of the agpatsome of the roads.

5. Conclusions.

The evaluation of the impact of public infrastruetiis a very important exercise,
given that the size of the budget for public worksquite large in all levels of
government. During a long time the estimation ofjragate production and cost
functions has dominated the evaluation of the prtde effect of infrastructures,
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despite the problematic nature of such estimatiBesently, the economic profession
has moved into the application of more crediblehods of evaluation using pseudo-
experiments and matching estimators.

In this paper we present a new methodology to meathe impact of the
transformation of national roads into highways paf®. During the period 1984 to
2000 there was a very active process of transfeomadf national roads into
highways/dual carriageways. But, did the transfatmoads attracted more firms than
the untransformed segments? To answer this questativide the Spanish national
roads/highways system into 20-km long segmentsn,Tiwve use the GIS location of
each new firm to assign it to the catchment areanef of these segments. Once we
obtain the number of new firms in each segment seeseveral matching estimators
to compare the number of new firms per squaredrieker in the transformed and
untransformed segments. The treatment effect iststally insignificant. Therefore,
we can conclude that the transformation of natiopnads into high capacity roads
(highways or dual carriageways) did not have antia@l attraction effect of firms
with respect to the segments that were not tramsfdr

These results imply that the transformation of so&mto highways is not an
effective way to stimulate a differential regiondévelopment in economically
lagging areas. Our finding cannot be interpretednoly that new infrastructures do
not generate economic activity since both, tramsém and untransformed areas, are
attracting firms.

Future research would evaluate the potential impatighways on the location
of firms by sectors. The increase in the capadityhe roads as a consequence of their
upgrade to highways may have a differential impact the attraction of
establishments by industries depending on theaénsgity of use of vehicles. There is
also scope for performing the matching using soar@ables to block instead of using
them as variables to measure the proximity of tegnsents. We also plan to check
the quality of the matching by using a synthetiotonl group “a la” Abadie et.al.
(2009).
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FIGURES AND TABLES
Figure 1. The Spanish system of national roads and highways (2000).

Red: National roads
Blue: Dual carriageways
Dark blue: highways.

Figure 2. Firm location and catchment areas

Catchment area: 10 km Catchment area: 20 km
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Figure 3. Support overlap in propensity matching estimation: 10 KM for
non-missing segments
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Figure4. Support overlap in propensity matching estimation: 10 KM for all
segments
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Table 1. Basic statistics for the characteristicsmonicipalities in the Census of 1991
at the beginning (end) of each road segments.

Beginning End
EDU1 39.37% 39.65%
EDU3 5.91% 5.95%
PART 48.36% 48.51%
UNEMP 18.49% 18.39%
RAGRI 18.82% 18.66%
RCONS 12.83% 12.77%
RSERV 17.62% 17.53%
RWEMP 4.77% 4.74%
RNEMP 17.29% 17.40%
DEN 684 746

Note: Proportion of workers with secondary edugaf{ieDU1), proportion of university graduates
among the working population (EDU3), participatiate (PART), unemployment rate (UNEMP),
proportion of working population in the agricultusgctor (RAGRI), proportion of construction
workers in the working population (RCONS), propantiof workers in the service sector over total
working population (RSERV), proportion of entrepears with employees in the total working
population (RWEMP), proportion of entrepreneurshaitt employees (RNEMP) and population
density (DEN).

Table 2. Test for equality of the propensity sowithin blocks.

Not missing All
Mean Mean
Block Difference t-stat Difference t-stat
1 0.008 0.36 -0.07 -0.8
2 -0.004 -0.59 -0.06 -1.63
3 -0.014 -1.91 -0.04 -1.19
4 0.005 0.25 -0.01 -1.35
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Table 3. Estimation: segments of 10KM.Firm creafioet)

Intervention Sample Municipality N m(4) BC PS
T NM Initial 414 25.58 28.25 35.35
(1.04) (1.08) (1.16)
End 410 22.18 24.93 29.91
(1.03) (1.15) (1.25)
All Initial 1005 16.35 12.98 14.38
(1.53) (1.21) (0.97)
End 1004 20.78 22.59 22.19
(1.75) (1.90) (1.60)
Tl NM Initial 433 23.58 25.33 50.37
(0.94) (1.02) (1.40)
End 429 15.13 17.97 20.01
(0.74) (0.88) (0.69)
All Initial 1082 12.2 10.01 15.04
(1.36) (1.11) (0.90)
End 1082 14.83 16.96 20.46
(1.48) (1.69) (1.53)

Note for tables 2 to 5: t-ratio between squaredhets. m represents the number of matches. BG- Bia
corrected estimator (Abadie and Imbens 2006). Bt8nation using propensity score matching. T:
dummy variable that takes value 1 if a nationabtirbas been transformed in a highway/dual carriagewa
and 0 if it has not been transformed. T1: dummyade takes value 1 if T is equal to 1 or a regionad
has been transformed in a national road. NM considely segments that have no missing valuesjghat
at least one firm in each segment; All includes dite segments with no firms, to which assignsra.ze
Initial considers socio economic characteristicthefmunicipality at the beginning of the segméimil
takes the municipality at the end of the segmeris the number of segments included in the estonati

Table 4. Estimation: segments of 10KM. Employmeaeation (net in thousands jobs)

Intervention Sample Municipality N m(4) BC PS
T NM Initial 414 0.35 0.37 0.48
(0.95) (1.01) (0.94)
End 410 0.29 0.33 0.38
(0.96) (1.08) (1.02)
All Initial 1005 0.2 0.16 0.18
(1.40) (1.12) (0.94)
End 1004 0.28 0.3 0.29
(1.70) (1.84) (1.71)
Tl NM Initial 433 0.29 0.33 0.31
(0.84) (0.95) (0.78)
End 429 0.2 0.24 0.26
(0.72) (0.86) (0.72)
All Initial 1082 0.15 0.12 0.19
(1.22) (1.03) (0.95)
End 1082 0.19 0.22 0.28
(1.42) (1.63) (1.64)
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Table 5. Estimation: segments of 10KM. Segmeatssfiormed before 1994.

Dependent Sample Municipality N m(4) BC PS
Fims NM Initial 349 35.9 53.65 43.61
(1.06) (1.50) (0.58)
End 345 35.56 32.97 31.15
(1.08) (0.97) (0.75)
All Initial 889 23.85 24.34 26.04
(1.36) (1.39) (1.24)
End 888 28.52 29.9 23.77
(1.42) (1.51) (1.36)
Employment NM Initial 349 0.47 0.76 0.6
(0.98) (1.49) (0.70)
End 345 0.49 0.47 0.41
(1.05) (0.99) (0.76)
All Initial 889 0.3 0.31 0.34
(1.21) (1.28) (1.03)
End 888 0.39 0.42 0.34
(1.42) (1.51) (1.27)
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