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ABSTRACT

Traditionally, European Cohesion Policy effectivendas been evaluated in the economic literatuterims of its
impacts on the per-capita growth rate of GDP. Haweno unanimous results have been reached sénfénis

paper, the effect of European Regional Policy asuated at the EU 15 NUTS 2 level by consideraigngside
GDP growth, two specific fields of intervention,mely “Research, Technological Development and lation”

(RTDI), and “Transport Infrastructure” (T1). Ournaiis to assess whether Objective 1 regions expetergreater
growth than non-Objective 1 regions, by considerimgprovement in the potential road accessibilignd in

research and innovation activities (patent appboa). Our econometric approach involves the use afon-
parametric Regression Discontinuity Design techaiga a uniquely-disaggregated Cohesion Policysgataroken
down according to the specific objectives of eacbasn of funding. The analysis considers diffetént intervals
and different regional sub-samples. The resultatfoisignificant growth effects in these indicatfor Objective 1
regions above those displayed by non-Objectivedlons. Indeed, the difference is sufficiently larpat when
observed in terms of levels effects, the two typ&segions become largely indistinguishable in teraf these
particular features, exactly as intended by thépol
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1. Introduction?

The aim of this paper is to assess the effectivenéguropean Cohesion Policy during the programgnuariod

2000-2008 in improving both research and innovation actagtand transport accessibility, alongside its ihpac
the growth rate of per-capita GDP.

Previous contributions to the assessment of EU §lohePolicy were focused mainly on the growth ratehe

Gross Domestic Product (Becker 2010, 2012; HagenMwhl 2009; Manzella and Mendez 2009, Pellegririle
2013), leaving its impact on other specific fietsfantervention unexplored. In recent years, howggenumber of
studies has stressed the importance of considdregultidimensional nature of both social progr@ss economic
development, broadening the scope of analysis teertitan just the production sphere (Acemoglu e805;

CMEPSP 2009; Fitoussi 2013; Sen 1999, 2006; Stiglital. 2009; Tabellini 2010; UNDP 2013). Thisasti of

research is in line with the European Union Trestgtement that: “in order to promote its overalinhanious
development, the Union shall develop and pursuaditi®ns leading to the strengthening of its ecanpsocial and
territorial cohesion” (art. 174 of the Treaty o fiunctioning of the European Union, ex art. 15&)E

2. Theoretical Framework

The effectiveness of EU Regional Policy was esplgatvaluated in terms of convergence in per cagitavth rate
of GDP amongst regions. The use of GDP as a syatlhadicator of regional performance and of policy
effectiveness has the advantage of being a stamleadure available for all countries, thus fadihig spatial and
temporal comparisons of the results. However, GBBsdnot account for dimensions of social and ecémom
progress that are not strictly related to the petida activity (Fleurbaey 2009, Bleys 2012).

The Report of the Stiglitz, Sen, Fitoussi Commisgjp009) emphasises the necessity of going “beydbé&” for
“measuring economic performance and social progyreBsllowing this point of view, our work takes a
multidimensional approach to the evaluation oféffects of the EU Regional Policy in the NUTS 2ioeg of the
European Union, looking at specific outcome vagaldoncerning a wider range of progress dimengkarsthat of
production.

Several studies have investigated the impact oe€ioh Policy on economic growth. However, the lugfeneity of
the data, the variety of methodological approaarsesl and the low quality of regional data on StmaitFunds
have not allowed to reach unanimous results, lgagpen the debate on the effectiveness of RegiBohty
(Hagen and Mohl 2008). In terms of the impactshef policy, there are now more than fifty studiealgsing the
effects of European regional policy on EU regiarfsyhich between approximately two thirds and thyearters of
these papers find either positive effects or pasitiut mixed effects on the recipient regions witile remaining
quarter find either negligible or even negativeeef§ (McCann 2015). For a summary of the main figdj see
Table 1.

Following Ederveen et al. (2002), we classify thetedies into three groups based on the type ofuatrae
approach adopted: case studies, model simulatiotiseaonometric models. We further expand the suwidly a
number of more recent contributions and a moreilddtalustering of the econometric studies.

2.1Case studies

The case studies literature evaluates single ppliojects, with varying emphasis on the way in Wwhige funds are
actually spent, on their impact on local authopigctices, or on their macroeconomic implicatioBdgrveen et al.
2002). A number of case studies assesses the imp&uhesion Policy on the growth of gross per-zapegional
production and employment. In most of the cases; fimd some kind of limitation to the effectivesesf Cohesion
Policy, though they do not present quantitativéngsties of the policy’s impact. The great majorifytteese studies
in fact contains a detailed description of the s@@onomic situation in the regions analysed ad alof the
projects to be financed by Cohesion support, beitetvaluation itself boils down an enumeration @& fioject’s

2| wish to thank: Prof. Philip McCann for his helpiomments, Prof. G. Pellegrini for the methodotadisuggestions, Prof. D.
Stelder and Dr. Flavia Terribile for providing paftthe datasets.

% More precisely, the programming period 2000-2G08e focus of the analysis, but we aim to accalstt for the time-delayed
effects of the policy; thus we consider a longanretiinterval for the outcome variables. Moreoverpider to have a greater
stability of the sample, we consider the eligipilgtatus of the regions for both programming pesi¢t994-1999 and 2000-
2006).
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output (kilometres of roads constructed, numbejobs created and so on). Some studies adopt timsoagh
focusing on single programmes and single areas.ngyntleese, the most cited are Huggings (1998) o®thjective
2 programmes in industrial South Wales, Daucé (1,99Bo focused on the most depressed rural arBarigundy,
and Lolos (1998) who analysed the macroeconomicstmdtural policies in Greece and Portugal.

Further, many researchers argue that considerihgtbe numeric impact of the policies is insufficieand have
tried to include single projects in regional ecommodels in order to capture also the spillovées (European
Commission, 1999). Others have tried to get an afg¢he impact of Cohesion Funds from reviewingimas case
studies of different projects referring to specdi®as (Das Neves 1994). Bachtler and Taylor (1866¥ider the
evaluation of projects and the EU official surveymugh they do not estimate a quantitative impale practical
experiences of Cohesion support are brought togéettitee work of Bachtler and Turok (1997) with eadudies on
the United Kingdom, Germany, The Netherlands, AastFinland and Sweden. These studies highlight the
difficulty in achieving coherence in these tiad hoedefined projects, even in the presence of refaamsng to
define regional plans and a common EU frameworky thlso stress the difficulties in evaluating ppleffects
which are considered by the majority of these swmigresumably modest.

2.2Model simulations

Model simulations complement the traditional casgliss in three main ways. First, they evaluatecihtribution
of Cohesion Policy on a macroeconomic ground, cmgig the results in terms of regional producyiviir
employment levels. Second, they model the geneyailierium consequences of Cohesion Policy and diones
investigate the occurrence of externalities. Thingy provide the counterfactual, analysing howaeg would have
fared without the Cohesion support.

The first attempts at evaluating Cohesion suppgwodugh model simulations used EU macroeconomic mpded
in particular the HERMES model, developed to aralyapply side shocks in the 1970s and 1980s. Thidem
reveal a positive impact of Cohesion Policies, hawvgit has only been applied to Ireland (Bradl®92; Bradley,
Fitz Gerald and Kearney 1992). The HERMIN modetlmother hand (Bradley, O'Donnell, Sheridan, anael&n
1995; Bradley, Modesto, and Sosvilla-Rivero 199gdey 2000), has been applied to Ireland (Bradieggelan,
and Wright 1995), Spain (Herce and Sosvilla-Rive®®5) and Portugal (Modesto and Neves 1994; Modastb
Neves 1995). All these studies find a positive intpeEf Cohesion support with a significant role lie treduction of
regional disparities, which would not have been shene in the absence of the Policy. Further, theofean
Commission (1999a, 1999b, 2001a) reports on thdtsesf other simulations obtained using HERMINvesl as
QUEST, a model that focuses on the demand sideefRk896).

Another strand of research refers to model simuhatiother than the European Commission models. aéasul
Pereira (1992) develop a two-sector endogenousthrovedel of private, public and human capital acolation
for Portugal and they find that the current strugtichanges have a marked impact on economic gragttihey
contribute to generating a convergence processiffarent modelling approach is used by Goybet ardtddi
(1994), who consider models that range from a negri€sian to a dynamic general equilibrium with eyedmus
growth; they conclude that Objective 1 regions werage grow faster than EU member states. Greebe icus
of analysis in the works of Lolos, Suwa-Eisenmamg Zonzilos (1995) and Lolos and Zonzilos (1994)0 use a
general equilibrium model; their results are mixederms of both the sign and intensity of the &gd# impact.
More recent studies by Pereira (1997, 1999), GaapdrPereira (1995) and Pereira and Gaspar (1989)an
endogenous growth model to assess the impact a@¢hesion support on the GDP growth of Greeceatigland
Portugal for the period 1989-93. The results shawmlastantial impact on economic growth in thesenentes and
a significant contribution to convergence. Theydighlight the importance of continuing the traargbrogramme
since the relative long-run position of these caaestwould still be far from EU standards.

The overall conclusion from the simulation exersisethat Cohesion support significantly contrilsute regional
growth and employment. The weakness of this appr@lowever, the indirect measurement of the palieffect,

which is highly dependent on the hypotheses uniieylhe model used in the analysis.

In conclusion, model simulations illustrate thei®g$ potential effects, which are found to be pigsi but they fail
to account for a number of important factors thaymeduce the actual effectiveness of Cohesion@tipguch as
crowding out effects, inefficient allocation andhtaseeking behaviour.

2.3Econometric models



Among the contributions that adopt econometric mash we can identify two different approaches: ¢lassical

regression framework, where growth equation modedsestimated (Barro 1991, 1997; Barro and SalaitiM

1992; Sala-i-Martin 1994), and the more recentdiiere based on the treatment effect techniquboth strands of
research, however, no unambiguous results havereaehed and it is possible to provide a furthassification of
these studies based on the effects they observe.

2.3.1 Classical regression framework

In the classical econometric regression appro&ehnetis a controversial evidence of the policyaffeBased on the
results obtained, we identify three groups of wotke first group gives an optimistic policy evdioa, finding a
positive and statistically significant impact (deHuenteet al. 1995; Cappellert al 2003; Rodriguez-Posst al.
2004; Beugelsdijk and Eijffinger 2005; Falk and&iell 2008); the second group obtains mixed redifittding that
policy effectiveness is dependent on the preseficecific conditions (Puigcerver-Penalver 2004 tukres and
Soukiazis 2005; Percoco 2005; Edervetral 2006; Bah, 2008; Esposti and Bussoletti 2008; IMotd Hagen
2008, 2010; Bouvet 2010; Rodriguez-Pose and N@@R); finally, the third group includes works thHeatve a
pessimistic vision of the policy, showing eithergagve or redistributive effects (Fagerberg andspagen 1996;
Boldrin and Canova 2001; Garcia-Mila and McGuird20de Freitagt al 2003; Dall’Erba and Le Gallo 2008;
Aiello and Pupo 2012; Wostner and Slander 2009).

Amongst the works highlighting the policy’s success find the research of de la Fuente et al. (19856Ere a
growth model that includes public capital and huroapital is estimated. The authors show evidenat ghblic
investments in infrastructure and education hasggaificant impact on growth in the Spanish regionghe period
1980-1990. They thus conclude that adequate regjooicies can encourage both growth and convergeAc
positive and statistically significant impact of ERé&gional Policy on the regional growth is founsloain Cappellen
et al. (2003). In addition, they show that the etfeare stronger in more developed environmentingdor policy
interventions to improve the competences of theiving contexts (for example by facilitating st changes,
or by increasing the investment capacity in R&Dtlie poorer regions). In their empirical analyskg authors
validate the hypothesis that regional growth isabhtcome of three groups of factors: the explatatf knowledge
developed elsewhere (diffusion of knowledge); theation of new knowledge in the region (innovatiamd the
presence of “complementary factors” that affect tiapacity for exploiting the potential of knowledgeeated
elsewhere. This research design entails two maiblems: the definition of an indicator of innovatjcand the
measurement of “complementary factors”. As a préaty innovation, they use the intensity of reseassid
development (employees in R&D in firms as a petagatof the total employment); whereas among the
complementary variables they consider: transpdrastructure, population density, industrial sturet long-term
unemployment. The estimation results confirm thet impact of the contributions (public financing) strictly
dependent on the receptiveness of the receivingamaent.

Rodriguez-Pose and Fratesi's (2004) evaluatiorhefeffects of Regional Policies is also positiveey consider
the impact of the Structural Funds on the Objectivegions. Their results confirm a key role of tevelopment
funds allocated to lagging regions in Europe: tp@sitive impact on regional economies keeps redidisparities
more stable, meaning that they avoid the expansioagional gaps. However, transfers have faileddaieve their
goal of reducing the gap between the Europeanaméts periphery.

Beugelsdijk and Eijffinger (2005) deal with two massues: first, they verify convergence acroso®pean member
states over the period 1995-2001; secondly, theyyae the problems of moral hazard and substitugitect. As
regards the first issue, they show that StructEualds have a positive impact on convergence, as tha trend of
backward countries catching up with richer onesetms of the second issue, they consider two kifiggoblems.
The first one is the possibility that opportunidiehaviour may occur: since eligibility for the FEisns dependent on
the presence of a certain GDP threshold, policyarsakould decide to use the funds inefficientlyorder to get
more funds in the future (moral hazard). A crowdmmg effect (or substitution effect), on the ottiand, might
prevail if the transfers received are invested injgrts for which the states have already allocatational
resources: states, substitute the national respunéd Structural Fund transfers with the consegaeof no
additional impact. To consider the moral hazard aodbstitution effect, the authors estimate two edéhit
convergence equations, one for “clean” countried another one for “corrupt” countrfesThe influence of

4 A corruption index related to perceptions of thegte of corruption as seen by business peopkeanialysts and the general
public and ranging from 10 (highly clean) to O (iligcorrupt), is included in the regression equatio
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corruption on the funds’ impact on economic grovelevaluated with an interaction term. Results doshow a
weaker relationship of Structural Funds to grovaththe more corrupt countries.

In the work of Falk and Sinabell (2008), a spati@bnometric approach is used to investigate thetfreffects of
EU Structural Funds for Objective 1 regions at KéTS 3 level. They estimate the regional growttpef-capita
GDP as a function of (a) the initial level of papita GDP (in PPT), (b) the share for each seqgamary or
secondary), (c) Objective 1 area eligibility andl gdpulation density. In addition, in order to istigate the sources
of the growth differential between Objective 1 aottier regions, they apply the Blinder-Oaxaca deasition,
finding that the growth differential between Objeetl regions and other regions is solely due fi@tinces in the
characteristics and not to differences in the ¢oieffts.

Another group of studies finds evidence that tHeotiveness of European Regional Policy is dependanthe
specific context’s features. Puigcerver-Penalvé@0f) model the impact of the Objective 1 policyppiihg a
“hybrid” growth model that links the growth rate pér-capita income to (a) its initial level, (betBtructural Funds
transfers, the catching-up variable and the inigael of Total Factors Productivity (TFP). The nebés estimated
by means of OLS using a panel data approach witdfieffects (only Objective 1 regions are considgréhe
results show a positive effect of the Structurahdion the per-capita growth rate of income in €bje 1 regions.
However, these results change when the two progragperiods are considered separately: the impastill
positive during the first programming period bunakt null in the second.

Antunes and Soukiazis (2005) aim to determine wdrethere are differences in the convergence prdoesgeen
the coastal and the inland regions of Portugal.yTémamine the relevance of Structural Funds as itonihg
factors in the convergence process and to whaneiey contribute to regional per-capita incomewgh. The
analysis considers the NUTS 3 regions of Portugal&ing a panel data approach. Results show thactStal
Funds help regions to grow faster but their maidgmaact is small. They have a significant positeféect only in
the coastal area, helping its regions to grow faste

Percoco’s research (2005) focuses on six Italiaz2dgiorno regions and analyses the impact of thectiral
Funds by means of a supply-side model, with a ddbbglas function. He finds a high volatility in thevel of
growth rates induced by Structural Fund expenditliftee work of Endeerven et al. (2006) also belongshi®
strand of research. They investigate the effecégsnof Structural Funds through a panel analysisl® EU
countries. They demonstrate that, on average,fuhds are only effective, in the countries with thight”
institutions. In the conclusions, the authors stress the nisg@ésmproving institutional quality as an essahstep
for triggering a catching-up process.

Bahr (2008) analyses EU Regional Policy effectigsniey focusing on the different federal structurésomember
states (EU13) for seven five-year periods, from Qt2865 to 1990-1995. A pooled cross-sectional sEsion
econometric model is used for the estimation ofdliferent degrees of sub-national autonomy (deeésation)
among member states on the effectiveness of Staldtunds expenditure. The results suggest that®iral Funds
are more effective in promoting growth when decaigation is higher.

Esposti and Bussoletti (2008) investigate the imhpé&©bjective 1 Structural Funds expenditure usirdatabase of
206 EU 15 regions in a time interval ranging fro@82 to 2000. They assume that structural paymemiditton the
“natural” convergence process of the poorer Europegions towards the richer ones. Therefore, #stynate an
augmented conditional regional convergence modehssess whether growth convergence actually occurs.
Considering they consist mainly of investment exjieme, Structural Funds are included in the regiagrowth
convergence model as a variable, affecting thesitmvent rate. A limited but positive impact of Olijjee 1 Funds
was found for the EU as a whole; whereas a neggigibnegative effect is registered in some speciises.

Mohl and Hagen (2008, 2010) seek to evaluate thetdr effects of EU Structural funds at both the N8JI and
NUTS 2 levels over the period 2000-2006. They ugmamel estimation controlling for endogeneity, akeand
spatial correlations and heteroskedasticity. Theg fhat the total EU aid (including Objectives 2da3) has no
statistically significant or even negative impaaotregional growth; whereas Objective 1 payment®hapositive
and statistically significant impact on the regib@®DP growth rate. Bouvet (2009) analyses the ihpat¢he EU
Regional Policy on inequalities, as the reductidninterregional income inequalities is a leadingnanf EU
cohesion policy. His findings confirm the persisterof within-country inequality, calling for a refa to existing

® The authors distinguish between three broad grofipsstitutional quality variables. First, theyrmider variables related to the
outcome of government policy (inflation and goveaminsavings); second there are variables that egisth social cohesion
5



EU Regional Policies. More specifically, he con@sdhat structural policies should be elaboratetthetegional
level and not at the national level and that fustisuld be further concentrated onto poorer regions.

An econometric model is adopted to evaluate thecefdf Structural Fund expenditure on the growthegfional
per-capita GDP in Rodriguez-Pose and Novak (2003y refer to the last programming periods for gl sets
of data are available (1994-1999 and 2000-2006gu$actor endowments, institutional quality andtial
conditions as conditioning variables. They alseetako account the learning mechanism resultinghfevaluation
of the policy. The results reveal an increase licp@ffectiveness in successive periods.

In the third group are those studies that obseovpaticy impact or redistributive effects. Fagexpand Verspagen
(1996) analyse growth in 70 regions (in six EU membtates) in the post-war period. Their findingsvg no
impact of the Funds on convergence in terms ofcpeita GDP, but that Europe seems to grow witleastl three
different speeds for dynamism, productivity and mpeyment. No evidence of convergence (or diverggmeas
also found in the work of Boldrin and Canova (200h)the EU15 regions between 1980 and the mid ‘Bf@sir
results do not allow to definitively assert theeefs of Structural Funds on growth; however, thbgws the
redistributive function of Regional Policies to deonsequence of political equilibria inside thedpean Union.

A clear negative effect is instead observed by @avtila and McGuire (2001). They evaluate the intpacEU
grants on the economic performance of the Sparggfioms, using a difference-in-difference model. URss
highlight that the policies have not been effectimestimulating private investment or improving tleerall
economies of the grant-recipient (and poorer) regji®e Freitas et al. (2003) link Objective 1 statuthe speed of
convergence among regions in the period 1990-2@0drder to account for the effects of the 198%&tral Funds
reform. They estimate Barro equations and conwoltfie quality of national institutions. The authaxplicitly
investigate whether “Objective 1” status on averageroves the rate of convergence. Their findiniye gvidence
of conditional convergence among regions, but tsleyw that Objective 1 eligibility does not havetatistically
significant role in fostering convergence. On tlomtcary, it emerges that region specific factors ianportant in
explaining regional disparities.

Dall’Erba and Le Gallo (2008) evaluate the impdcswuctural Funds on convergence across 145 Earopgions
in the period 1989-1999. They estimate a neoclaksiodel of growth (Barro and Sala-I-Martin, 199&83counting
for location externalities and for a possible erefwty of the funds. Fund endogeneity might ocau©ajective 1
eligibility is fixed with the 75 percent rule (tlregion must have a per-capita GDP lower than 75%@European
average in the three years previous to the stahlteoprogramme); as a consequence, regions reaeiaenount that
is proportional to their development gap. Theiireation results show that significant convergeneesdoccur, but
funds have no role in determining it. Cohesion &okffectiveness is also investigated in the wdrldiello and
Pupo (2012) that evaluates the impact of Structeualds on the growth of Italian regions from 198@®6007. For
the period 1994-2007, they consider the amountxp&mrditure actually spent and not only committedyeover,
they consider some institutional aspects in thendein of the fund impact. They use a convergergeation
(growth model) with panel data in which the Struatu-unds are an explanatory variable. The reshitav that,
although the distribution of the funds is coheraith greater resource allocation to the laggingaes, there are
different performances in the management of thel§ummong the Italian regions. They conclude thaic8iral
Funds have a mainly distributive effect and doaftgct the pattern of growth of Italian regionglie long-run.
Wostner and Slander (2009) demonstrate that thesoi Policy increases structural expenditure efréfteiving
countries, but their effectiveness is also reldatedther conditions, such as micro-efficiency ie thanagement of
the funds and their effects on private investments.

2.3.2 Treatment effect framework

Over the past few years, several studies have &ealpublic policies with counterfactual methodsese studies
adopt non-experimental methodologies based ondba that eligibility for a specific policy Objectivcan be
considered as a treatment (like the treatmentsvextdy patients in medicine). It is thus possitiddentify two

different groups of regions with comparable charastics - “treated” and “untreated” regions - amghluate the
causal effect of the treatment. As mentioned befooeunanimous results have been achieved. Padlicyess is
confirmed in Beckeet al. (2010, 2012) and Pellegriet al. (2013); whereas Becker et al. (2013) and Gagliandi

Percoco (2013) observe a conditional effect. Caselgr a positive but not strongly significant effées highlighted

in Hagen and Mohl (2008) and a negative effecbiseoved in Accetturet al. (2014).

(trust, norms of civic cooperation, the degree thinelinguistic fractionalisation); third, a groug imdicators that measure
institutional quality directly (corruption percepti index or institutional quality index).
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The analysis of Becker et al. (2010) seeks to etalthe causal effect between the Objective 1 stahd the
growth rate of per-capita GDP for the treated regjousing a fuzzy Regression Discontinuity DesigDD)
approach for the evaluation of the programmes. rEkalts point to a positive effect of the fundstba per-capita
GDP growth rate. However, the result is less oimif the employment rate is considered; thishhige related to
the fact that the creation of new jobs requiresngér period of time than the duration of a progréng period (5-7
years). As a robustness check, they repeat thgsimalt different territorial levels (NUTS 2 and &)r three sub-
periods, taking into account the possible presariclecation externalities. In Beckat al. (2012), the analysis
considers only the NUTS 3 regions in the prograngmperiods 1994-1999 and 2000-2006 by means of a
Generalised Propensity Score estimation. The asithian to understand whether the transferred fuoskerff growth
in the Objective 1 regions. A dose-response functioestimated; it connects the annual averageggita GDP
growth rate with the intensity of the treatmenteiged, in order to find the optimal dose of theatmeent. The
results show that EU transfers sustain a more rgqmaith, but in 36 percent of the regions considdhe intensity
of the transfers is higher than the optimal level ¢heir reduction would not produce any loss imteof growth. In
a recent work by Pellegrimit al.(2013), the effects of regional policy are evaldateaough ssharpRDD approach,
using an original dataset for the period 1994-200& results show the presence of a weak positgact of the
European regional policy on regional growth. Theustness of the results is investigated by applyioth a
parametric and a hon-parametric approach with rdiffekernels.

In Beckeret al. (2013), attention is focused on the heterogenedtyvben units. They consider Structural Funds
transfers to Objective 1 NUTS 2 regions in threegpgmming periods (1989-93, 1994-99 and 2000-06)u=e a
RDD approach with heterogeneous treatment (HLAHgterogeneity in the reaction to the treatment éasletied
through the consideration of a different absorptiapacity of the regions, expressed as a functitimeoendowment
of human capital (percentage of workers with atstesecondary education) and/or the quality of negjio
government (by means of a composite indicator wisigtithesises public services, education, healticgs and
respect for the laws). The results confirm thattEdnsfers produce a positive effect on the growath of per-capita
GDP and on the growth rate of investments onlyrémions with a sufficient endowment of human cdpated
“good enough” institutions, that is to say, highbsorptive capacity.

Gagliardi and Percoco (2013) assess the effectdgeaEEU Cohesion Policy on Objective 1 regiondgrerance
by adopting a Regression Discontinuity Design (ROD)he context of a Local Average Treatment Eff@ATE)
regression. Differing from the previous literatutfegy introduce spatial heterogeneity amongst tits wf analysis.
The results show that EU Cohesion Policy has b&ective in fostering development in lagging aréagurope.
However, its effectiveness remains controversialicy impact is strongly heterogeneous within e&8dTS 2
region. Rural areas close to the main urban aggimes are those that benefited the most; furthey, bave driven
the positive results observed for the full sample.

In order to avoid the problem of misspecificatiohtlee functional form, Hagen and Mohl (2008) caoyt an
analysis using the Generalised Propensity Scor&)GFhey estimate a dose-response function (Hieamblmbens
2004) over a sample of 122 regions belonging toNbd'S 1 and 2 levels of the EU 15 in the period 3:2005.
The main assumption for the application of thishodtis the Stable Unit Treatment Value Assumpti®oTVA)
that considers the distribution of output for eaepion as independent from the potential statéheftteatment in
another region, conditional to the observed cowesiaThough this is a very strong assumption, didss/ the
presence of spatial correlation. The authors caimvestigate the presence of externalities, but Huopt the “weak
unconfoundedness” hypothesis, which posits a treatrior each region as independent from the pa@teotitcome.
The results show a positive but not statisticaliyngicant impact of Structural Funds transfers the average
growth rate of the regions. Therefore, the dospayfment received is not important for the detertiomaof the
policy’s effects on growth.

Accetturoet al. (2014) look at the impact of the transfers on leteial capital endowments by using a regression
discontinuity design for EU Objective 1 Structuralinds. They find evidence that transfers reducelloc
endowments of trust and cooperation and they cdeclhat it is necessary to focus more deeply onptiee
requisites for receiving the aid. In particular tuthors argue that effectiveness of local puiiieds has a crucial
role in the right use of the transfers.

A new regression discontinuity technique has beewveldped recently in other fields of geographicadiiated
research dealing with the issue of education (BE&®9), labour markets (Dell 2010), real estateketar(Dachiset
al. 2011), firm size (Giacomelli and Menon 2012) aindhfincentives (Einio and Overman 2012). These apgines

are commonly known as ‘spatial Regression DiscaitfinDesign’ or ‘spatial RDD’, and they considereth
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geographical location as the key forcing variablie.these cases, the discontinuity which is to X@ated by the
econometric technique is given by the administeator geographical boundaries and the sub-sampldseto
examined are the spatial units on either side efdghographical boundary. In the case of EU Regi®udicy
evaluation, in some countries the regions fallimjoithe Objective 1 and in the non-Objective 1 gsu
respectively, can be simply identified by lookingtlae geographical boundaries. However, this istngt for all
countries, with the consequence that the effetit@policy for the treated regions that have a geeddormance but
are located far from the geographical boundarieg lmearather underestimated.

Following this view of analysis, in this study weeuan original dataset with comparable informatanthe
European regional level to investigate a wider eaofjimpacts of European Regional Policy than tramesidered
in the literature so far.

With this aim in mind, we apply a Regression Didaauity Design, a non-experimental method for conmgathe
performance of different groups of observationse ahticle is structured as follows. Section 2 pnesa survey of
previous studies on the effects of EU Regionaldredi Section 3 illustrates the study’s methodolagg Section 4
presents the results of the analysis by compan@gds in the regions affected by the EU RegiondiciPavith
trends in other regions. Section 5 discusses thelgsions. Finally, an appendix describes the caosbn of the
dataset and the outcome variables employed.

3. Methodology

The empirical literature on the evaluation of RegibPolicies relies on different methodologies aadia, and no
consensus has yet been reached (see section tB)s Ipaper, the effects of EU Regional Policy absesved by
means of a technique that can isolate it from ofhetors that may affect the analysis’ results: Regression
Discontinuity Design (Thistelthwaite and Campbé&b0; Hahret al. 2001) in thesharpversion. This methodology
considers a discontinuity in the treatment relatesome observations, to obtain an estimation ®iLibcal Average
Treatment Effect (LATE), by comparing units eligitfbr the treatment (Objective 1 regions) with redigible ones
(non-Objective 1 regions). The effect of the treatinestimated is located in the point of discoritinud-or the
application of RDD, four basic assumption needdadspected (Leet al. 2009):

. the treatment is not randomly assigned, but tieat least one observable variable (assignmeidbta or
forcing variable);

. the assignment variable presents a discontimuitprrespondence of a threshold;

. the assignment variable cannot be manipulateenfagcannot modify it in order to move from oneesid
the other of the threshold);

. the other variables are regular functions (withdigscontinuity in correspondence of the cut-offnp the

only reason that produces a jump at the threslsadiscontinuity in the treatment.

The fundamental hypothesis of this method is thatunits just above (or below) the threshold tlmndt receive
the treatment, represent a good term of companigtinthose just below (or above) the threshold tieaeive the
treatment. Therefore, any discontinuity in the dbaded expected value of the outcome, in proxinaityhe cut-off
point, may be interpreted as evidence of the caafzdt of the treatment.

In our analysis, the statistical units are the NUT@gions of the European Union with 15 membetestéEU15).
Our aim is to assess whether Objective 1 regierperienced greater growth than non-Objectivedions, by
considering improvement in the potential road asit#lity (Stelder 2014) and in research and intiovaactivities
(patent applications). However, we will assessptesence of a discontinuity also by looking atghewth rate of
per-capita GDP. Objective 1 eligibility is definbg the “75 percent rule”; as a consequence, regidgtis a per-
capita GDP lower than 75 percent the community axyerare considered Objective 1. The forcing vagiablthe
regional per-capita GDP and the cut-off point is # percent threshold; the treatment is eligibtlit the Objective
1 Fund. This situation is a good framework for éipplication of the RDD: consider a NUTS 2 (A) wéttper-capita
GDP equal to 74.99 percent the EU average and aN2J{B) with a per-capita GDP equal to 75.01 petcine
first one will be eligible for Objective 1, wheretge second will not receive the treatment. We assume that the
two regions have similar characteristic excepttii@rtreatment, therefore they are more comparahle others that
are more distant from the cut-off threshold (Beaieal. 2010).

Consideringec as the cut-off point andli as the forcing variable, following the work of Rgfini et al. (2013), we
adopt asharpversion of the RDD, since treatment assignmeatss&imed to depend only on the 75 percent rule (to

® EU15 includes: Germany, France, Italy, the Netirat$, Belgium, Luxembourg (founding countries), Derimnireland and the
United Kingdom (1973), Greece (1981), Spain andugat (1986), Austria, Finland and Sweden (1995).
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support this assumption we exclude from the samgdgons that receive aid for other reasons). Weotdethe
potential outcomes of the regiorwith Yi(0) and Yi(1), whereYi(1) is the outcome obtained in presence of the
treatment (Objective 1 regions) aii{0) is the outcome obtained by the non-treated regipas-Objective 1). In
correspondence with the discontinuity point, thendiboned expectancy of the outcome, given the dates,
underlines the causal effect of the treatment (mskand Lemieux, 2008):

SREIE = x] - [REVIY = 4] (1)
If the average causal effect of the treatmentksrianto consideration the above relation becomes:
Topp = E[1(1) - Vi(0)1%; = o] )

In order to increase result robustness, estimatitinuse both a parametric and non-parametric aagocand the
results will be verified for different samples sifieations, kernels and confidence intervals. T & to avoid

problems related to the limited number of obseoratiin proximity with the cut-off point, which caeduce the
accuracy of the estimations. Moreover, the effe€tRegional Policy may be affected by other facthet enhance
or prevent growth (e.g.: geographical location exrtgrnalities).

In the parametric regressions, the Ordinary Legsta® (OLS) estimation with robust standard erisrapplied.

For the non-parametric estimation, we use the Itinabr regression method with standard errorsioéthwith

bootstrap (Nichols 2001).

The equation for a generic polynomial modetodrder ig:

m m
Y=a+1D +Z_3!-Xf + ZEEDXE + =
i=1 i=1

Y is the annual average growth rate of the outceamable considered, D is a binary variable ideini§ the
Objective 1 regiong; is the coefficient of the estimated discontinathd X is the forcing variable.

When a parametric approach is used, the choicamdwidth is equivalent to the definition of the yywmial order
of the regressions (Lee and Lemieux 2009). Differgrecifications are considered in order to analyee the
polynomial degree affects the results. The besgrohial order is chosen by looking at the Alkaikdéormation
Criterion (AIC): the best model is the one with thevest AIC.

Following Lee and Lemieux (2009), Imbens and Lemi€R008) and Pellegrinet al. (2013), two additional
robustness checks are added: we verify whethdreiénsity function oX, for X=c, there are other discontinuities
(that may show an alteration in the control vaeatand we investigate the presence of other disuaties in the
outcome variable. In order to exclude any gerrymeaing (Menon 2012) type of manipulation in the pnaity of
the threshold with respect to the continuity of tfemsity function of the forcing variable, the Me@r test is used
(McCrary 2008). In our case, the assignment tariéegment (i.e. eligibility for Objective 1 statusinnot be easily
predicted. We might think that countries may behapportunistically by maintaining their per-cap@&P below
the threshold in order to attract funds; actualys cannot happen, because the threshold is fix&d percent of
per-capita GDP community average, the value of witian be known only after publication of all regabulata.
Moreover, Eurostat applies strict controls on thecpdures for estimation of regional accounts. MeZi1(2008)
suggests that a jump in the conditional densityttef forcing variable can be considered as a tesitsof
manipulability: when regions are sorted aroundtkineshold, the RDD approach is not applicable.

The McCrary test (2008) estimates the density fonadf per-capita GDP for a confidence intervabsfpercent. In
the RDD approach, the choice of the kernel is afiimental importance: some authors consider thedepaikov
kernel, whereas other scholars prefer the Triangkeopt for more than one kernel specification: igzdnnikov,
Gaussian, Rectangular and Triangle.

Another important element is the choice of bandwidthere are many rules of thumb for the definitafnthe
optimal bandwidth. Different bandwidths producedetfiént estimations, so it is important to estinratae than one
and at least three: the optimal bandwidth, its deuwnd its half. The wider the bandwidth, the sgemthe
discontinuity will be, because the impact of polesdaratic observations close to the threshold imesosmaller. For
the choice of the optimal bandwidth, the index ofbkens and Kalyanaraman (2009) is calculated; tiiex
determines the asymptotic optimal interval for tbgression discontinuity.

It is also important to test that there are no jarmpthe treatment and outcome levels and thagratbvariates do
not have discontinuity at the cut-off point. In erdo verify the first point, the effect is estiradtfor different

" We considem=3.
8 The parametric estimation is applied only as &herrrobustness check of the results obtained tvétnon-parametric method,
for this reason the usual issues related withapEoach (heterogeneity, endogeneity and so onmjadreonsidered here.
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thresholds and with different kernels and bandvedtor the second, we consider the population @esrasing a
local linear regression with different kernels.

Our goal is to try to move attention away from $itkictly economic-productive sphere towards sonexifie fields
of policy intervention. The main challenge is tderntification of possible outcome variables andatailability of
data at the NUTS 2 level. With this aim in mind, decided to take into account two different aspettegional
social and economic development in addition to qapita GDP: transport infrastructure and reseancth a
innovation.

We use an exclusive dataset on the certified experdof European regions between 1999 and 200@nK$to
this data, we know which regions received the feassfor specific fields of intervention (FOI). Tlmportance of
using this kind of data is stressed by Aiadtaal. (2012), who argue that considering both regioaaél and specific
areas of intervention expenditure is one of thetragcal points in the study of EU policy effeatiness.

De La Fuente (2003) points to the importance ofswering the amounts effectively spent and not dhbyse
programmed or committed. Consideration of certifiexbenditure avoids all these inconveniences. fer t
evaluation of the effects of the policy, we refer dpecific outcome variables for each area: fondpart
infrastructure, we consider potential accessibtiityoad networks (Stelder 2014); for researchiandvation, we
consider the patent applications per million inkeis. The sample we refer to, for each of theseoowe variables,
is different because we analyse only regions wdttified transfers in the specific FOI. To test tbbustness of the
results, the analysis is conducted with differgrecifications of the outcome variables (growth rael difference
in levels)®. The use of the Regression Discontinuity Desidovad us to eliminate the problem of the choice of a
specific functional form, which usually occurs iagsical growth equations.

4. Results

In this section, we discuss the main results ofanalysis’. First we investigate the presence of a discoigiry
considering the most widely used outcome variatile:growth rate of per-capita GDP, in order to campthis
findings with those of the fields’specific outcomes

After the exclusion of the outliers and coloniagians”, the new sample consisted of 165 units: 44 Ohjectiand
121 non-Objective 1. Preliminary evidence of digoarnty can be obtained by consideringaiveestimation of the
difference between the annual average growth ratheotreated and non-treated regions. The resudt megative
and not statistically significant coefficient irl #ie three periods considefédRepresenting per-capita GDP growth
rate in function of the forcing variable, as Lealdremieux (2009) suggest, the information giventhg naive
estimations was confirmed. The graphic analysigufés 1 a,b,c) does not reveal big differenceéngrowth rate
of the outcome variable. However, for the perio83-2010 (Figure 1a), the left side of the graplpldigs a higher
growth of the outcome variable than the right sid&. simple difference in growth rate is not enough an
evaluation of the Regional Policy. Consequently,use a RDD approach with a local linear regressitimation
with four different kernels (Triangle-tri, Rectardgurect, Gaussian-gau and Epanechnikov-epa) amee th
bandwidths (optimal, half and double), standararsriestimated with bootstrap (500 replications)wé instead
consider the local linear regression estimatiom, rissults are quite different, there is no statdlly significant
discontinuity in favour of non-Objective 1 regiomsthe three periods analysed (Tables 2, 3 andvAgreas an
advantage (5.5) in the annual average per-capit® @@wth rate in favour of the treated regions is&swvhen
considering the whole period (Table 2), a triarigtenel and the optimal bandwidth. Nonetheless, rémsilt is not
confirmed with other kernels and using a parametsitmation (Table 5). In conclusion, we argue tBatopean
Regional Policy seems to have a positive impadherannual average growth rate of per-capita GDPit$ effect
is observed in the long-term and not confirmechaghort term.

Afterwards we move the attention to the expenditar®esearch, Technological Development and Inionaby
considering the growth rate in patent applicatiaasoutcome variable. The analysis and its robustolesck were
carried out with reference to two main guidelindge first is the time interval; the second is basadhe sample
composition. The decision to consider the time disien was due to the nature of the investmentsniiagtrequire
different time intervals for their effectivenessrRhis reason, the outcome variable was considienethe whole

® For more details on the construction of the datase the outcome variables used refer to the sedlappendix.
19 For the sake of brevity, we do not report hererésailts for all the samples considered, but theyaaailable from author on
request.
11 sachsen-Anhalt, Salzburg, Nord-Pas de Calais, Nétoiand, Essex, Inner London, Guadalupe, MartigiqGuyana,
Reunion, Ceuta and Melilla, the Azores and Made#mad Alentejo.
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period (1999-2010) as well as for three sub-perititks first (1999-2007) excludes the last threeryéih considers
just the years in which the transfers were devglvdte second (2002-2010) excludes the first tlyegrs, so it
takes into account the possibility that some innestts require time to be effective; finally, the@dhconsiders only
the central years (2002-2007). Results robustnassverified also by considering the outcome vaeauual to the
simple difference between the first and the firedry As for GDP we show the results of the samgjested for the
outliers®. The results were strongly robust to the sampdtrintions and they also gained advantages in tefms
stability, so we decided to refer to this last sknfpr the other common robustness checks.

First, we looked at the graphic impact of the digowity for different kernels and different bandiis; then we
estimated the polynomial regressions with OLS. Oweehad looked at discontinuity at different thiasls, we
controlled for the presence of discontinuity coesilg a different variable (the average populatitiat should not
be affected by the treatment, as a robustness check

Thenaiveestimation of the difference in the average gromate of patent applications still emphasised tlesgnce
of a strong discontinuity for the Objective 1 raggo Their advantage was equal to 1.11 percentagéspdstandard
error 0.18) if the whole period was considered. @deantage of the Objective 1 regions became lréeptage
points (standard error 0.22) when the last thregsywere excluded and decreased to 0.71 (staedand0.15) in
the period 2002-2007 and to 0.57 (standard erf®)0n 2002-2010. The value was always signifiGnt percent.
The graphic analysis in Figures 2-a (1999-2010)(1899-2007), 2-c (2002-2010) and 2-d (2002-206a@hfirms
these results: once again, the regions on theXéibit a higher growth rate than the regions anrtght. If we look
at the local linear regression, we find that oty Gaussian and the Epanechnikov kernels are is@mif When the
whole period is considered (Table 6, 1999-2010)dlseontinuity is about 1 percentage point with tpimal
bandwidth (significant at 5 percent for Epanechwiland at 10 percent for Gaussian) and it is eqoal.i
percentage points with double bandwidth (significan5 percent). The period 2002-2010 (Table 8)letchfeeble
evidence of discontinuity with a value of 0.66 mariage points (significant at 10 percent) with mgti bandwidth
and 0.6 (significant at 5 percent for the Epanddahnikernel and at 10 percent for the Gaussian Kerh¢he
bandwidth is double.

When the central years are considered (Table 92-2007), a lower variability in the estimation diet
discontinuity in relation to bandwidth dimension enged. The discontinuity varied from 0.7 (half baiuth) to
0.83 (optimal and double bandwidth) and it was ificemt at 5 percent.

The discontinuity trend related to bandwidth dimens can be analysed by looking at Figure 3 (a)dpr the
Epanechnikov kernel and figure 4 (a, b, c) for @eussian kernel. Figure 5 shows the estimatiom@fMcCrary
density function for the forcing variable.

Table 10 shows the parametric estimations (OLS witiust standard errors). Model 5 was chosen alsesiemodel
using the AIC. The effect of the Regional Policyswaositive and statistically significant at 5 paertcand equal to
3.6 annual percentage points. The selected modsépts one linear term and one quadratic termnidst similar
results to the non-parametric model was the estmatumber 4, in which the effect was of 1.15 petage points.
Another robustness test is to verify whether tleeeno jumps in the level of the outcome when hineshold is not
identified. The model was tested for a null efflectdifferent values of the forcing variable. Inbfa 11 the effect is
estimated with different kernels (Epanechnikov &bdussian) and the optimal bandwidth (4.8) for déffe
thresholds (50, 60, 70, 90). The results confirat there are no significant discontinuities.

Finally, we verified that there is no discontinuéythe cut-off point for another covariate thatildonot be affected
by the treatment: we considered the average papuolathe estimations were carried out with a norapeetric
local linear regression with three kernels (Gausskgpanechnikov and Rectangular) with the optinsddwidth
and standard errors computed with bootstrap. Tal@eshows the results and confirms that no significa
discontinuity was found.

From our analysis on the investigation of discanmtynin the growth rate of patent applications, @an see that
Objective 1 regions who received RTDI transfersesigmced a higher growth rate in patent applicatitvan non-
Objective 1 regions. Furthermore, these resultsnatedue to the presence of outliers and, in pagti¢ to the
presence of regions who exhibited a worse initinlation, because the results are robust to diftesample
compositions. Although there is some evidence ggest a greater effect in earlier years, thesdtseare robust to

12 Coefficients are equal to -.0188 in the whole pkridd3656 in 1995-2003, and - .0007 in 2003-2010.
13 We exclude Martinique, Guyana, the Autonomous Regibthe Azores, the Autonomous City of Melilla, thatonomous
City of Ceuta and Alentejo.
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the time period and to the samples being considér@tie results obtained were strongly confirmed ais@
polynomial parametric regression and were robughéopresence of other cut-off points and to thes@nce of
discontinuity in other covariates, not influencedtbe funds. No discontinuity was found if the aute variable is
expressed as a difference in levels. This meanshtbdagging regions experienced a higher growath and had the
same variation in levels as the more developed.unit

Analysis of the transport infrastructure field otarvention is quite different and less structutiean the one of
patents applications. The reason for this liesha nature of the data. As regards potential roaessibility data,
there were no complete time series available,Joste specific years, so it was not possible toidenglifferent
sub-periods. We refer to the period 2000-2012. Weidtkd to exclude the Reunion from the sample,gite
location far outside of Europe. Tin@iveestimation of the annual difference in the avergigavth rate showed an
advantage of about 1.14 percentage points (staretaod 0.22) in favour of the Objective 1 regiostatistically
significant at 1 percent. The value increased iy @ercentage points compared with the previous. ddgure 6-a
confirms the existence of two opposite trends attkated group. The results of the non-paramesticnation with
the local polynomial regression are presented inlera3 (the standard errors are still estimatedbeiatstrap with
1000 replications).

As we did for the patents, we considered the outceariable expressed as difference in levels. Eiselts are
shown in Table 14 and in Figure 6-b: no significdistontinuity was found. In the graph, the two agife trends in
the treated group are less defined. Discontinuitshe growth rate was not very strong but it wadkssgnificant. In
the following part, we look into its robustnessgiiie 7 &, b, c) shows the discontinuity trend with the
Epanechnikov kernel in relation to bandwidth siz@ppears in sectionsandc of the graph. Figure 8 displays the
discontinuity in relation to bandwidth size where tlbaussian kernel is considered. In this casejuim in
proximity with the cut-off point is visible also thi the half bandwidth, but the high variabilitytbk treated regions
does not allow for any significant estimattanAs a robustness check, we also ran the paranestiimation with a
different polynomial order (table 15). The resgt®w a problem of strong multicollinearity; indeéeym model 3
onwards, the Variance Inflation Factor (VIF) assaraezalue higher than 20 and blows up in modelsds6a

We can conclude, on the basis of the results obdaitihat for the transport infrastructure the digitwity observed
is less robust than the results obtained for thenpapplications. The position of the dots in $latter plot implies
that this finding is due to the heterogeneous caitipon of the treated group. This is likely linkéal the outcome
variable used, that considers only the road aduiéigsiand thus improvements in road infrastructur€he regions
of the sample received transfers for all kindsrahsport projects, so part of the funds may hawmn lzkevoted to
accessibility improvement of other transport netgorFor this reason, the result obtained is sigaifi in the
identification of the impact of EU Regional Politgnsfers to the Objective 1 NUTS 2 regions.

5. Conclusions

This paper investigates the effectiveness of EUided Policy transfers in two fields of intervemioResearch,
Technological Development and Innovation, and Tparisinfrastructure, through the proxies of paigmplications
and potential road accessibility respectively, gkide analysis of per-capita GDP. Tkbarp Regression
Discontinuity Design was used.

The sample refers to the NUTS 2 regions of the Hth W5 member states. We estimated the effects Witha
non-parametric (local linear regression) and patam@olynomial regression estimated with OLS) eggeh. The
results obtained were tested with the usual rolegstrthecks put forward in the literature. Standardrs were
estimated with the bootstrap method (with 500 ogpions for patents and GDP and 1000 replicatians f
transport®), whereas in the parametric regressions, stanelacals were robust to heteroskedasticity. The aimly
was conducted separately for the two fields ofrireation and for per-capita GDP.

First, we assessed the presence of discontinuitipdiying at the most widely used outcome variakihe: annual
average growth rate of per-capita GDP. We consilére Eurostat database on regional accounts anefemed
to a fifteen year period (1995-2010) and two subegks (1995-2003 and 2003-2010). We took into antseveral

4 The analysis was also conducted by consideringntiber of people employed in technology and kndgéeintensive
sectors as outcome variable and looking to thel ftgl expenditure on human resources but not sigmifi results have been
obtained; in particular, for the latter there weot enough units in proximity of the threshold.
15 The graphics of the estimation of the density fiomcof the forcing variable (McCrary, 2008) andtbé others robustness
checks are similar to figure 5 and tables 11 andriiRare not reported again for the sake of brevity
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sample compositions in order to exclude the effe€tpossible outliers. The results obtained did Inighlight a
clear effect, as statistical significant discontipun favour of the treated regions emerged onlyew the whole
period and a Rectangular kernel were consideredveier, in most cases the results were not statibtic
significant. After these considerations, we cancbadfe that the effects of European Cohesion Paityhe growth
rate of per-capita GDP are not clearly definedtipalarly in the short term.

The second part of our analysis assessed the ingpabe policy focusing on specific fields of intention and
using specific outcome variables for each one. Wéa tconsidered the impact of transfers in RTDI &adhnical
Assistance on the growth rate of patent applicatipar million inhabitants (fractional count; by éntor and
priority year). The results demonstrate that Olbjecl regions exhibit a higher (by at least onecertage point)
growth rate in patent applications than non-Obyectl. The analysis was structured along two guidsti one
relative to the time intervals and the other onth®composition of the sample. The results apjpeareust to both
different periods of analysis and sample compasitiarhe entire period of analysis for the outcoragable was
1999-2010, but we looked also at three sub-perid899-2007, 2002-2010 and 2002-2007. The resutis/ ghat
the first three years give an important contribmtto the discontinuity in the outcome variable, lathin the last
three years it appears weaker. The significantodisicuity found is not due to the presence of eutliand, in
particular, to having included in the sample thomgions who had a worse initial situation, becatseresults are
also robust to different sample compositions. Gumalifigs are strongly confirmed also in a polynongatametric
regression and they are robust to the presencéhef out-off points and to a discontinuity in otleavariates not
influenced by the funds. As an additional check, awasidered the outcome variable expressed ageddiffe in
levels and no significant discontinuity was fourithis means that the backward regions experiencedjtzer
growth rate and the same variation in levels aantbee developed regions, and this can be considesyexvidence
of convergence.

In the second part of the analysis, we looked lfier gresence of discontinuity in the growth ratgaotential road
accessibility, as an outcome of expenditure ingpant infrastructure. In this case, the resultsewess strong than
those on patent applications and the analysis coailde structured into different time intervalechuse of a lack
of appropriate data. Data was provided by Stel@d8d4) in the context of a European project of cansion of a
historical archive on road accessibility in Europle results show the presence of a feeble disagtytiin favour
of the treated regions of 0.9 percentage pointgjsitally significant only for the double bandwid Another
important aspect stemming from the analysis ispfesence in the treated group of two opposite gdéndthe
growth rate of potential road accessibility: on oside, there are the Spanish and Portuguese regiats
experienced greater growth and on the other slieretare the Italian, German and Greek regions. higle
variability within the groups contributes to weak®enthe results on discontinuity. Another elemeihtveakness is
that the outcome variable does not account for rothensport networks, that might be the object afren
improvements in their accessibility, especiallyeaent years.

The results point to significant growth effectstlirese indicators for Objective 1 regions abovedhaisplayed by
non-Objective 1 regions. Indeed, the differencauiiciently large that when observed in termsenfdis effects, the
two types of regions become largely indistinguideah terms of these particular features, exactlyrdended by
the policy. The innovation-relate results were ragier than those obtained for transport-accessipaithough the
patterns of policy-outcomes are remarkably veryilainbetween the two cases.

18 |n the case of transport, we considered a great@ber of replications because the sample appeaoeel unstable.
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FIGURES

Figure 1- Comparison of the annual average growath of per-capita GDP between the Objective 1 ayu®@bjective 1

regions
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Fig 2- Comparison of the growth rate in patent aapions between the Objective 1 and non-Objectivegions

[ 5%l
[ g%l
° Nuts2 Obj1

o

poly fit Obj1
poly fit Non-Obj1
Nuts2 Non-Obj1

a) 1999-2010

°
o
©
[ ]
<
~d
o
(\Il -
T T T T
0 50 100 150
[ Jos%cl poly fit Obj1
[ g%l poly fit Non-Obj1
° Nuts2 Obj1 o Nuts2 Non-Obj1

c) 2002-2010

Source: Our elaboration on European Commission®aD data

T
150

wn |
—
[ ]
o |
-
o
o
T
0
[ os%cl
[ 9s%cl
° Nuts2 Objl

o

poly fit Obj1
poly fit Non-Obj1
Nuts2 Non-Obj1

b) 1999-2007

© o
© -
< -

[ ) °

o
(\Il -
T T T T T
0 50 100 150 200
[ 95%cl poly fit Obj1
[ 9s% poly fit Non-Obj1
° Nuts2 Obj1 o Nuts2 Non-Obj1

d) 2002-2007

21



Fig 3-Robustness check: Epanechnikov kernel, diffebandwidths, cut-off=0.

Outcome variable: patent applications growth ra890-2010), forcing variable (GDP per capita in FPR0EU15=0), 1988-90)
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Fig 4-Robustness check: Gaussian kernel, diffdsantdwidths, cut-off=0.

Outcome variable: patent applications growth ra@890-2010), forcing variable (GDP per capita in FPS6EU15=0), 1988-90)
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Fig 5- Estimation of the density function of thedimg variable (GDP per capita in PPS, average811990) at the threshold,
sample R2
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Fig 6- a) Comparison of the growth rate in potdntiad accessibility between the Objective 1 and-@oobjective 1 regions,
sample TR1, (2000-2012); b) Comparison of theedéffice in levels in potential road accessibilittween the Objective 1
and non-Objective 1 regions, 2000-2012
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Fig 7- Robustness check: Epanechnikov kernel, @iffebandwidths, cut-off=0.

Outcome variable: road road accessibility growth 2000-2012), forcing variable (GDP per capit®®S (75%EU15=0), 1988-90)
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Fig 8- Robustness check: Gaussian kernel, diffdyantdwidths, cut-off=0.

Outcome variable: road road accessibility growth 2000-2012), forcing variable (GDP per capit®®S (75%EU15=0), 1988-90)
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TABLES

Table 1- Main results of the previous literaturetios impact of structural funds (SF) on economangh.

Authors Year Approach Methodology Outcome variable Results Notes (model
simulation and case
studies)

Model .

Bradley 1992 . . EU-HERMES model positive effect ran only for Ineta

simulations

Bradley, Fitz Gerald and 1992 Model . EU-HERMES model positive effect ran only for Inath

Kearney simulations

two-sector endogenous
Model growth  model  of
Gaspar and Pereira 1992 . . private, public and positive effect Portugal
simulations .
human capital
accumulation
Modesto and Neves 1994 Model . EU-HERMIN model positive effect Portugal
simulations
consider models that
range from a neof

Goybet and Bertoldi 1994 Model . Keyne§|an to a positive effect

simulations dynamic genera
equilibrium with
endogenous growth

Lolos and Zonzilos 1994 Model . general equilibrium Mixed effects Greece

simulations model

Bra_ldley, Whelan, - and 1995 Model . EU-HERMIN model positive effect Ireland

Wright simulations

de la F“_e_”te’ Vives, 1995 Econometnc- growth model Income per- capita positive effect

Dolado, Faini. regression

Herce and  Sosvillay 1995 Model . EU-HERMIN model positive effect Spain

Rivero simulations

Modesto and Neves 1995 Model . EU-HERMIN model positive effect Portugal

simulations

Lolos, Su_wa—E|senmanr 11995 Model _ general equilibrium Mixed results Greece

and Zonzilos simulations model

Gaspar and Pereira 1995 Model _ endogenous growth positive effect Greece, lIreland and

simulations model Portugal

Fagerberg and 1996 Econometrlc- Growth model Growth rate per-capltaNO effects

Verspagen regression GDP
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Authors Year Approach Methodology Outcome variable Results Notes (model
simulation and case
studies)

difficulty to  achieve g\?;‘ub;ggns o t{;}i
Bachtler and Taylor 1996 Case study coherence in these big .
. projects and the
projects ad hoc e
official EU surveys
difficulty to  achieve| Focus: UK, Germanyj,
Bachtler and Turok 1997 Case stud coherence in these bigThe Netherlands,
y projects ad hoc Austria, Finland ang
Sweden
difficulty to achieve| Focus: Obijective 2
. coherence in these bigprogrammes in
Huggings 1998 Case study projects ad hoc industrial South
Wales
difficulty to achieve| Focus: mMost
Dauce 1998 Case study coherence in these bigdepressed area of
projects ad hoc Burgundy
difficulty to  achieve| Focus:
Lolos 1998 Case stud coherence in these bigmacroeconomic and
y projects ad hoc structural policies in
Greece and Portugal

Pereira 1999 Model endogenous growth ositive effect Greece, lIreland and

simulations model P Portuga

Pereira and Gaspar 1999 Model . endogenous growth positive effect Greece, lreland and

simulations model Portuga

Boldrin and Canova 2001 Econometric- | Convergence Growth rate per-capitaNo effect- Redistributive

regression regression income function
Garcia-Mila and 2001 Econometric- | Difference "N\ Growth per-capita GDP negative effect
McGuire regression difference model
Productivity as a
Cappelen, Castellacc 12003 Econometrlc- growth model multiplicative fgnctlon in positive effect
Fagerberg, Verspagen regression three meanings of
knowledge

de Freitas, Pereira, d’L2003 Econometric- Barro equations Income convergence No effect-ryptificant

Torres. regression

Rodng_uez—Pose and2004 Econometric- cross-sectional _ ang Per-capita GDP positive effect

Fratesi regression panel data analysis

- itk POSItiVE

Puigcerver-Penalver 2004 Econometnc “hybrid” growth model _Growth rate  per Capltaeffect(/programming

regression income

period)

28



D

Authors Year Approach Methodology Outcome variable Results Notes (modeg
simulation and cas
studies)

Beugelsdijk, Eijffinger 2005 Econometrlc— GMM growth rate GDP positive effect

regression

Antunes and Soukiazis 2005 Econorr_\etrlc— Panel data analysis Gro_wth rate regional per-positive effect(/regiona

regression capita income area of Portugal)
Econometric- . Regional production | . .

Percoco 2005 regression Supply side model growth High volatility

Eder\{een, de  Groo 2006 Econometrlc- Cross-country panel Growth rate GDP positive effect ¢

Nahuis regression institution)

N Econometric- | pooled cross sectionalGrowth rate per-capita positive
Bahr 2008 . . o
regression regression GDP effect(/decentralization)
. Spatial econometric .
Falk and Sinabell 2008 Econometric- approach and Blinder- Growth rate per'Capmpositive effect
regression .. | GDP
Oaxaca decomposition
Mohl and Hagen 2008 Econometrlc— Panel data analysis Growth rate per—capltal\!egg_tlve effect or not
regression GDP significant
. Augmented conditional :
Esposti and Bussoletti 2008 Econometnc- regional convergenceGrOWth rate  Regiona| Mixed effects
regression model GDP
Dall’Erba and Le Gallo 2008 Econometrlc- Neoclassical ~ growth Growth per-capita GDP No effect
regression model
Econometric- . .| Average GDP growth o
Hagen and Mohl 2008 treatment Generalized Propensnyrate real GDP per-capitapos.'t'ye eff_ect. .bUt no
Score (GPS) . satistically significant
effect (in PPP)
Structural  expenditures
“I"Increase of the
Econometric- (the sum of all publig expenditure buf
Woster and Slander 2009 . Panel data analysis spending at all levels df ben
regression effectiveness depends on
government, for g
. other conditions
€CcoNnomic purposes)
Bouvet 2010 Econometnc- Panel data analysis Interregional inequalities  Ddp® on sector
regression
Econometric- .
Becker, Egger,  vor 2010 treatment Fuzzy RDD Growth rate per'Capmpositive effect
Ehrlich GDP
effect
Aiello and Pupo 2012 Econometrlc— growth model Growth rate per-capitaNo e_ffect— Redistributive
regression GDP function
Econometric- . .
Becl_<er, Egger, voi 2012 treatment Generalized PropensityAnnual average growth positive effect
Ehrlich effect score rate of per-capita GDP
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Authors Year Approach Methodology Outcome variable Results Notes (modeg
simulation and cas
studies)

Econometric- . . .

Becker, Egger, vor 2013 treatment RDD with HLATE Growth rate per-capita positive effect(/absorptive

Ehrlich GDP capacity)

effect

Pellegrini, Terribile, Econometric- Growth rate per-capita

Tarola, Muccigrosso} 2013 treatment Sharp RDD GDP P P positive effect

Busillo effect

Rodriguez-Pose and Econometric- | Neo-classical empirical Growth rate per-capitaIncrea.lSIng of th_e

2013 . effectiveness in

Novak regression model GDP : .

successive periods

Econometric- . .

Gagliardi and Percoco 2013 treatment E DD W'th spatial| Average  GDP  growth positive effect(/location)

eterogeneity rate
effect
. Econometric-
Apcgtturo, de Blasio & 2014 treatment RDD Loc_al en_dowments of Negative effect
Ricci effect social capital
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Table 2- Annual average growth rate of per-capiBPGeriod 1995-2010, non-parametric estimation wifferent
kernels and bandwidths.

1) ) 3 4
Bw/Kernel tri rect gau epa
4.71 -5.477* 0 -0.193 -0.249
(2.838) 0) (0.271) (0.266)
2.35 0 0 0.0459 0.134
0) 0) (0.346) (0.360)
9.43 0.611 1.003 -0.110 -0.0815
(0.748) (2.375) (0.244) (0.241)
Observations 165 165 165 165

Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1

Source: our elaboration on European CommissiorEamdstat data

Table 3- Annual average growth rate of per-capiPGperiod 1995-2003, non-parametric estimatiorth wifferent
kernels and bandwidths.

1) 2) 3) 4)
Bw/Kernel tri rect gau epa
3.27 (optimal) 0 0 0.0541 0.0195
(0) (0) (0.0946) (0.106)
1.63 0 0 0.182 0.239
(0) (0) (0.122) (0.152)
6.53 0.358 0.258 0.0967 0.113
(0.548) (2.019) (0.0849) (0.0924)
Observations 165 165 165 165

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Source: our elaboration on European CommissiorEamdstat data

Table 4- Annual average growth rate of per-capizPGperiod 2003-2010, non-parametric estimatiorth @ifferent
kernels and bandwidths.

1) (2) 3) (4)
Bw/Kernel tri rect gau epa
281 0 0 -0.141 -0.147
(0) (0) (0.117) (0.116)
1.40 0 0 -0.110 -0.107
(0) (0) (0.148) (0.158)
5.61 0.0867 -2.583 -0.113 -0.106
(1.103) (1.942) (0.102) (0.0970)
Observations 165 165 165 165

Source: our elaboration on European CommissiorEamdstat data
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Table 5- Parametric estimations with different palgial orders (sample GDP 2, 1995-2010)

(1) @) ®) (4) (®) (6) (@) (8)

mod1 mod?2 mod3 mod4 mod5 mod6 mod7 mod8
X 8.10e-06 1.08e-05 0.000112 0.000135 0.000152 007.01 0.000874
(1.63e-05) (2.21e-05) (9.64e-05) (0.000184) (01®®) (0.00128) (0.00129)
X2 -3.16e-09 -3.84e-09 -4.38e-09 -3.87e-08 4-88
(2.94e-09) (5.41e-09) (5.59e-09) (7.63e-08) 63&-08)
X3 0 0
©) ©)
D -0.0188 -0.343 0.227 0.410 1.271 3.999 11.84
(0.149) (0.615) (0.261) (1.352) (2.005) (6.704) 8.809)
DX 4.85e-05 -1.72e-05 -0.000236 -0.000694 -01B04
(6.92e-05) (0.000127) (0.000440) (0.00115) @ R8B)
DX2 1.37e-08 3.33e-08 5.28e-07
(2.86e-08) (5.36e-08) (3.77e-07)
DX3 -0
0)
Constant 0.826*** 0.930*** 0.777* -0.00628 -0.187 -0.323 363 -4.123
(0.217) (0.0703) (0.318) (0.773) (1.482) (1.524) 6.969) (6.990)
R- 0.001 0.000 0.005 0.007 0.007 0.008 0.009 0.017
squared

AIC 394.34959 396.5249 397.76652 395.44778 397232399.27012 401.13024 399.77287

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: the dependent variable is the annual avegemeth rate in patent applications (1999-2010); Gdp per capita
in pps (EU-15=100, average 1988-1990), D=Objectideimmy variable; robust standard errors in parsgh.

Source: our elaboration on European CommissiorEamdstat data

Table 6- Growth rate of patent applications, sanifi®e period 1999-2010, non-parametric estimatioith different
kernels and bandwidths

) 2) 3) 4)
Bw/Kernel tri rect gau epa
3.44 (optimal) 0 0 -1.061* -1.072*
0) ©) (0.548) (0.509)
1.72 0 0 -0.957 -0.969
()] ©) (0.717) (0.676)
6.88 -0.443 -4.191 -1.161** -1.184**
(28.07) (26.17) (0.481) (0.460)

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Source: our elaboration on European CommissionG@Db data

32



Table 7- Growth rate of patent applications, saniRe period 1999-2007, non-parametric estimatioith different

kernels and bandwidths

(1) (2) 3) (4)
Bw/Kernel tri rect gau epa
6.77 (optimal) -0.484 -2.776 -1.397*** -1.433**
(27.90) (24.64) (0.539) (0.586)
3.39 0 0 -1.149** -1.213*
0) 0) (0.563) (0.592)
13.54 -0.607 -0.725 -1.551%** -1.586%**
(0.991) (0.945) (0.534) (0.566)

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Source: our elaboration on European CommissionGmeadD data

Table 8-Growth rate of patent applications, sanii®e period 2002-2010, non-parametric estimatiorth wifferent

kernels and bandwidths

1) ) 3 4)
Bw/Kernel tri rect gau epa
3.08 (optimal) 0 0 -0.571 -0.597*
()] ©) (0.352) (0.354)
1.54 0 0 -0.530 -0.576
()] ©) (0.392) (0.429)
6.16 -0.0499 -0.631 -0.600* -0.613**
(10.37) (11.91) (0.320) (0.308)

Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1

Source: our elaboration on European CommissionG@Db data

Table 9- Growth rate of patent applications, saniR®e period 2002-2007, non-parametric estimatioith different

kernels and bandwidths

(1) (2) 3) (4)
Bw/Kernel tri rect gau epa
5.55 (optimal) -0.353 0 -0.792** -0.838**
(4.408) 0) (0.348) (0.382)
2.77 0 0 -0.639** -0.698**
0) 0) (0.290) (0.349)
11.09 0.0168 -0.0879 -0.819** -0.827**
(0.329) (4.389) (0.366) (0.387)

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Source: our elaboration on European CommissionGmEdD data
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Table 10- Parametric estimations with differentypoimial orders

(1) (2) (3) (4) (5) (6) (7) (8)
X -9.02e- 1.77e-05 7.18e-07  0.000258*9.000215** 0.000396  0.000260
05***
(2.52e-05) (1.70e-05) (0.000149)0.000108) (0.000102) (0.000623)0.000617)
X2 1.45e-10  -6.94e- -5.72e-  -1.59e-08 -8.26e-09
09** 09**
(4.146-09) (2.84e-09) (2.62e-09) (3.33e-08) 248:08)
X3 0 0
(0) (0)
Obj1 1.107+*  2.081* 1.149%  3.624*  0.917 1.855 4468
(0.258)  (1.165)  (0.451)  (1.415) (1.948) (3.866) 6.770)
DX -0.000104 -0.000234 0.000437  0.000290  0.00280
(0.000139) (0.000154) (0.000493) (0.000687(0.00253)
DX2 -4.09e-08 -3.51e-08 -3.57e-07
(3.32e-08) (3.68e-08) (3.19e-07)
DX3 0
(0)
Constant 1.923%*  0.473** 0.219 0.431 -1.738* -3 -2.407 -1.645
(0.379) (0.0542)  (0.258)  (1.265)  (0.948) (0.905) 3.718)  (3.684)
Observations 160 160 160 160 160 160 160 160
R-squared  0.096 0.195 0.204 0.198 0.212 0.219 0.220 0.227
AIC 478.30712 461.66263 462.02673 461.31083 46@478460.89608 462.86836 461.36874

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: the dependent variable is the annual avegemeth rate in patent applications (1999-2010); Gdp per capita
in pps (EU-15=100, average 1988-1990), D=Objectideimmy variable; robust standard errors in parsgh.

Source: our elaboration on European CommissionGiBadD data

Table 11-Test for different thresholds of the fagcivariable, optimal bandwidth (4.8) and differkatnels

1) (2) 3) (6)

Cut off 50 60 70 90

epa -0.910 -1.242 -0.0689 -0.166
(2.037) (1.807) (0.718) (0.302)

gau -0.549 -1.182 0.0809 -0.0673
(2.934) (1.364) (0.828) (0.234)

Standard errors in parentheses
*** pn<0.01, ** p<0.05, * p<0.1

Source: our elaboration on European CommissionGB@Db data
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Table 12- Robustness check, non-parametric estimatiith local linear regression for average popafatat the

threshold (75 percent)

1) (2) 3)
Bw/kernel gau epa rect
44.36 -470.4 -513.3 -580.8
(399.0) (513.8) (720.2)
22.18 -372.0 -432.8 702.9
(515.4) (648.0) (1,931)
88.72 -442.1 -445.1 -458.0
(412.8) (547.1) (487.3)

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Source: our elaboration on European CommissionG@Db data

Tab 13- Growth rate of potential road accessihilggmple TR1, period 2000-2012, non-parametrignegions with

different kernels and bandwidths

(1) (2) 3) (4)

tri rect gau epa
5.14 (optimal) 1.567 0 -0.462 -0.604

(8.411) ©) (0.523) (0.560)
2.57 0 0 0.0945 0.192

0) 0) (0.570) (0.630)
10.28 -0.381 0.236 -0.839* -0.901*

(0.891) (22.78) (0.471) (0.489)

Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1

Source: our elaboration on DG Regional Policy data Stelder (2014) data

Tab 14- Difference in levels of potential road asikility, sample TR1, period 2000-2012, non-par@in@stimations

with different kernels and bandwidths

1) (2 ) (4)

tri rect gau epa
46.53(optimal) 29,724 31,559 24,835 22,482

(90,561) (93,939) (55,445) (52,223)
23.27 51,090 23,674 42,976 49,186

(930,372) (2.129e+06) (69,644) (70,661)
93.07 18,691 12,785 11,425 11,442

(59,746) (58,154) (50,497) (49,559)

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Source: our elaboration on DG Regional Policy data Stelder (2014) data
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Tab 15- Parametric estimations with different polymal orders

(1) (2) 3) (4) (5) (6) (7) (8)
X - ~7.49e-05* -0.000129 - - -0.000563 -0.000800
0.000121** 0.000518*** 0.000633***
(3.73e-05) (3.87e-05) (0.00020Qp.000157)  (0.000140)  (0.000845D.000847)
X2 2.12e-09  1.28e-08*** 1.61e-08** 1.22e-08 Be508
(5.95e-09) (4.30e-09)  (3.63e-09)  (4.50e-08)574:08)
X3 0 -0
(0) (0)
Obj1 1.144**  -0.334 0.629 -3.182* -10.91% 1088 -22.79%
(0.313)  (1.334)  (0.445)  (1.684) (2.714) (5.500) 9.1(9)
DX 0.000121 0.000361*  0.00229%* 0.00223** 0.009**
(0.000137) (0.000161)  (0.000732)  (0.00104) (0.00331)
DX2 -1.18e-07** -1.16e- -7.36e-07*
07**
(4.90e-08)  (5.68e-08) (4.10e-07)
DX3 0
(0)
Constant ~ 5.832**  4.014** 5083%* 5411 8690*  9.630**  09.240*  10.56*
(0.531) (0.0789) (0.561)  (1.634)  (1.369) (1.259) 5.068)  (5.077)
Observations 150 151 150 150 150 150 150 150
R-squared  0.126 0.151 0.166 0.160 0.187 0.237 0.237 0.255
AIC 481.43973  481.62804478.50243 A477.47501 474.61663  467.13464  469.13175.54812

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Notes: the dependent variable is the annual avegem®th rate in potential transport accessibil2p@0-2012); X=
Gdp per capita in pps (EU-15=100, average 1988-199980bjective 1 dummy variable; robust standanbrsrin
parentheses.

Source: our elaboration on DG Regional Policy daa Stelder (2014) data
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APPENDIX

Al. Dataset construction

The construction of the dataset can be dividedl fintee steps. Following Pellegrini et al. (2018 first step aims at
the definition of a sample that satisfy the hypsth®f the RDD approach and allow us to have reginoluded in the
same group for two consecutive ‘programming’ pesi¢t994-1999 and 2000-2006). The second and ttegtéps are
aimed to obtaining a panel structure for the datasethe certified expenditure for the NUTS2 regioand the
transformation of the outcome variables. The datesesists of EU 15 regions at NUTS2 level with @igjective 1
recipient regions of the transfers being those NRJTegjions with a per-capita GDP (in PPS) lower tthen75 percent
of the community average. For the programming geti®94-1999, the Commission computed the eligibtlireshold
on the basis of data on per-capita GDP for theopelP88-1990 (per-capita GDP in PPS, ESA79 critEri@herefore,
in constructing the forcing variable, we considetfesl per-capita GDP for the period 1988-1990.

The initial sample included 213 regions classifasi NUTS 2 (2003): 61 of these regions were Objectivin the
programming period 1994-1999, the remaining 152ewert. In order to make the sample more homogenaeaersthe
two programming periods, we excluded four NUTS @iaas from the initial group of Objective 1. Them® regions
that experienced a level of per-capita GDP grahtam 75 percent the community average in the per@88-1990 (the
reference period of the Commission for establiskhgjbility to the funds) and that, however, beeaatigible for the
funds for political reasons: Prov. Hainaut (BE) r&n(FR), Molise (IT), Lisboa (PT). The other 5gioss remained
eligible for Objective 1 status also in the folleygiprogramming period 2000-2006. In order to hawgae comparable
and stable control group we decided to exclude fooimsample regions that were Objective 1 in théopde2000-2006,
but not in the previous period. These were:

. five regions which were non treated in 1994-1998 became eligible for Objective 1 in 2000-2006:
Burgenland (AT), Ita-Suomi (FI), South YorkshireK)) Cornwall and the Isles of Scilly (UK), West Viéal and the
Valleys (UK);

. five non-Objective 1 regions in the period 19989, that became partially eligible in 2000-200@nki-
Suomi (FI), Pohjois-Suomi (FI), Norra Mellansveri@®&E), Mellersta Norrland (SEfjvre Norrland (SE).

Some non-Objective 1 regions also benefited frorheSmn policy transfers because they fell undeero@®bjectives.
Following Pellegriniet al. (2013), we took into account the per-capita intgnsf financial resources among the
different regions, distinguishing betwekard-financedregions (Objective 1, treated regions) aoit-financedegions
(non-treated regions). As many sources of finaneiBgructural Funds, Cohesion Fund, National casiiting, Private
financing — existed in both programming periods4:9999 and 2000-2006, we needed to identify a tmidsvalue of
per capita transfer intensity. We fixed this at &@.9which is the minimum value of certified per-tagexpenditure in
Objective 1 regions (Pellegriet al. 2013). The results show that nine non-Objectivedions had a level of per-capita
expenditure higher than the fixed threshold. Intipalar, we excluded from analysis the non-Objextly Spanish
regions that received aids from the Cohesion FiRals Vasco, Comunidad Foral de Navarra, La Riojag8n,
Comunidad de Madrid, Catalufia, llles Balears a$ agthe Finnish regions of Etela-Suomi and Aldmat benefited
from other funds. Finally, we excluded the regitimst did not receive transfers in all the FOI oftified expenditures
selected (Bruxelles, Provincia di Trento, Prov. liznat Wallon, Prov. Vlaams Brabant, Bedfordshirertfdedshire,
East Anglia, Eastern Scotland, Usimaa-Helsinki)ug;iour sample consisted of 180 NUTS 2 regionsti@dted and
126 untreated) which remained in the same groudth programming periods considered in the amglyarther,
they are homogeneous groups also in terms of treuanof per-capita transfers: soft-financed (urtedpor hard-
financed (treated). Our resulting sample met trguirements for the application of the RegressioscBmtinuity
Design in thesharpversion.

We derived data on the certified expenditure diyefcom the European Commission offices (DG-Regl@wlicy) and
from the Italian Ministry for Economic Developmgitepartment for Development and Economic Cohesibhg. data
did not originally have a panel structure and ttiGural Funds and Cohesion Fund were reportesvindifferent
tables, so we had to transform them before carrginigthe econometric analysis (see for instanckesa®l and P2 in
the Appendix). The main problem in using this dasgbwas the lack of a region name or code, whialidvallow to
easily associate each value to a specific region. 3&ected two specific FOI (level 2) for the Stowal Funds:
Research and Innovation and Transport infrastrettuas regards the Cohesion Fund we chose the Tethnic
Assistance Project and Transport Project.

The panel dataset was constructed manually, olmggtive following rules:

. the total amount was fully imputed to the regionewehthe name of the region was expressly and
univocally specified in the identification nametb& programme;
. programme expenditure for NUTS at a lower levelnttUTS 2 were imputed to the respective

NUTS 2 region;

Y For a focus on PPS see Eurostat-OECD (2006).
18 |n particular: 18. Research, technological develept and innovation, RTDI; 31. Transport Infrastuue.
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. national programme expenditure was shared betwdethe regions of the country, using the
population at the beginning of the programming @eas a distribution criteriy

. municipality programmes, natural regions and cansos expenditure was imputed to the NUTS 2
involved in the group (when identifiable), using tsame criteria as for the previous pdint

. expenditure for which recipient regions could netitentified from the name of the programme was
deleted;

. data about cross border and interregional cooperatas not considered.

The third step involved in the construction of taaset is described for each variable in theiofig section.

A2. Thevariables

After these preliminary transformations, the datgsesented a panel structure containing data deggarcertified
expenditure by year, fund and field of interventfon each NUTS 2 (table P3); the next step wasdhatification of
the outcome variable for each field of interventamalysed.

Per-capita GDP

Traditionally, the economic literature considers B5Browth as the outcome variable of public trarssier studies
differing from each other for model specificatiomegional levels and time intervals considered. id@ambiguous
results have so far been reached.

In line with this strand of literature, we startear analysis of the effectiveness of Cohesion Rdii¢ using per-capita
GDP growth rate as the outcome variable and the RPpproach. To assess the evidence of a discontiauibng

Objective 1 and non-Obijective 1 regions, we refétoea period of fifteen years (from 1995 to 20a6) two different
sub-periods: 1995-2003 and 2003-2010. Further, vadyaed the full sample and two sub-samples theludzd, first,

the highest and the lowest values and then then@dlegions.

Patent Applications

Schwabet al. (2007) point out that innovation is essential feveloped economies, as they need new technologies a
new cutting-edge products to maintain their contiwetiadvantage. As Cantwell (2006) underlines, teiguires an
environment which is conducive to creating relagitps between firms and the science infrastructbegyween
producers and users of innovation and the inten-fevel, and between firms and the wider institogiloenvironment.
Feldman (1993) suggests that the process of intingunnovations is facilitated by a firm's locaticShe demonstrates
that product innovations tend to be concentratestdates where innovative inputs are presentaitiqular specialised
knowledge resources that enhance the innovatiotepso

In recent smart specialisation developments reledeBU Cohesion reform, support instruments forowation are
more focused on socio-economic influences on tdolyial development and usage concerning smart throsmergy
and sustainable growth and entrepreneurship promofionsequently, innovation promotion is much mioieed than
in the past to questions of transparent and ap@tepgovernance systems (McCann and Ortega-Arg0&shb).

Patents are a means of legally protecting investagveloped by firms, institutions or individuadsd they can thus be
interpreted as indicators of inventions (Annaati al. 2010). Patents are aimed at ensuring property raacket
exclusivity on the protected invention and areasésl by a national patent office (OECD, 2009). Wesitlered patent
applications per million inhabitants from the OE®egpatdataset as the outcome variable for the field 8aesh and
Innovation”.

As is well known, patent indicators give informattion the output of the R&D. When comparing regiguextformance,
the OECD Patent Manual (2009) recommends the udeactional accounting for patents, in order toaflribute to
each region its actual contribution to inventiaghwihen summed up all regions give a total of 108%tent data can be
regionalised considering the address of eitheirthentor or the holder. The inventor’'s address Uguadicates where
the invention was made. The priority year is tharyef first filing for a patent; it is the closetst the actual date of
invention, and should therefore be used as theamfée date when compiling patent indicators aimecdefecting
technological improvements (Maraettal. 2008). We considered a fractional count by inveatwd priority year patent
data. TheRegpatdatabase used includes patent applications toEtirepean Patent Office (EPO), to the Patent
Cooperation Treaty (PCT) and to the United Statgeri® and Trademark Office (USPTO).

Data transformations and a summary of the mairsstéhe analysis are listed below:

* Missing valuesfor OECD patent data, missing values are equaéto. However, when no data was available
at NUTS 2 level we used the Eurostat variable “Emplent in technology and knowledge-intensive sector
by NUTS 2 regions and sex” (1994-2008, NACE Rew) ¥or the calculation of the weight (countries
involved: Greece, Belgium, France d'Outre-Mer, Gamn Netherlands, England) which allowed us to
transform national statistics into data suitable ifmputation at the regional level. Only for Greeaad

19 Otherwise, the first available year is used.

% For the Association of Portuguese Municipalities,which there is a specific website, expendiisrattributed to the
NUTS 2 of the Association's Headquarters.
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Cumbria Eurostat data was not available: in theseg the imputed data is, respectively, the ave¥ages 1
value (NUTS 1 value/nr. of NUTS 2) and the meathefother NUTS 2.

» Certified Expenditurewe considered the Field of Intervention (FOI) Search, Technological Development
and Innovation (RTDI)” for Structural Funds and €haical Assistance” (TA) for Cohesion Funds. Aleth
regions with a positive TA were included in the REample.

» Periods the whole period considered in the analysis cottee years from 1999 to 2010. However, we spdit th
time interval of the analysis into three sub-pesid®99-2007; 2002-2010; 2002-2007.

» Samplesin the first step, we considered the whole sangplé the outcome variable was expressed as both
growth rate and difference in levels. In a secotap,swe considered some restricted samples: irfitse
sample (R1), we excluded the regions of Martinigbayana, the Autonomous Region of the Azores, Melil
and Ceuta who have zero values for some yearslaagsa negative growth rate; in the second sarfip®)
we dropped also Alentejo which has the highest graate in the distribution in 1999-2010 and seemaelle
an outlier.

» Estimationswe use parametric (OLS) and non-parametric esittms (local linear polynomial estimation with
standard errors estimated with bootstrap methdiD-rBplications).

Potential road accessibility

As the Territorial Agenda of the European Uniortesta“Mobility and accessibility are key prereqtésifor economic
development of all regions of the EU”. Consequeritgnsport infrastructure improvement is a keyigyoinstrument to
promote regional economic development (ESPON, 20086g¢r the period 2000-2006, about 35% of Structkeds
and 50% of the Cohesion Fund were spent on infretstre projects (Crescenzi and Rodriguez-Pose 200@) quality
of infrastructure is essential for the efficiennhétioning of an economy (Schwadb al, 2007). Modern and efficient
infrastructure endowments contribute to both ecdnoefficiency and territorial equity as it allowsorf the
maximization of the local economic potential and #ificient exploitation of resources (Crescenzl Rodriguez-Pose
2008). High-quality infrastructures guarantee emsyess to other regions and countries, contriloubetter integration
of peripheral and lagging regions, and facilitdte transport of goods, people and services. Thisatsirong impact on
competitiveness as it increases the efficiencyegfanal economies (Annoeit al. 2013). The recent literature argues
that the traditional cost-benefit analysis canrayitare the effects of infrastructures on regioreledopment, but it is
necessary to consider also the effects of the n&texternalities (OECD 2002). In McCann and Shé2804), the role
of infrastructures in the regional development psscis discussed. They analyse the relationshipeleet infrastructure
investment and regional development with a focushentransportation infrastructure investment. Thegclude that
the different geography-firm transactions clusygres are of crucial importance in the evaluatiothefrole played by
transportation infrastructure on regional developmélowever, empirical works on the role of infrasture in the
development process highlight a lack of data, d@apigcor the road network. The EU recently finadce project aimed
at the construction of a historical database ofopean road networks since 1960 with a time inteofaen years.
Stelder's paper (2014) presents a first analysi®deon this database. We thus chose the poteotdl accessibility
data collected in this EU project as the outcom@abée of the certified expenditure of transpoftastructures.
In Stelder’s paper, the accessibility concept gregsed with the functional form based on Reil§31L):
4= %R 05" )
with A for accessibilityP for population or any other local activity, for distance or any other definition of transport
costs, and a paramejgimdicating the distance decay intensity.
In Stelder's analysis (2014), absolute accessil#ijiis scaled to relative accessibiliy
A
— 3)

a; = T4
For each location, accessibility may be increasinthe same ratio, which may cause additional eméngrowth, but
uniform in all locations, with the consequence timat one is benefiting more than others from inflagtre
improvement..
Therefore we use the change in relative accesgikiliis derived as:

ailt)
Et['::i':] = —nfl-ir—ﬂ (4)
With this transformation, the usual geographicaklihat gives central locations the highest adoiisgis eliminated.
The following points summarise some crucial stefpsun analysis:

» Exclusionssome regions were eliminated from analysis ais adues were missing: South Aegean, Crete, the
Autonomous City of Ceuta, the Autonomous City ofliNe the Canaries, the Autonomous Region of the
Azores, the Autonomous Region of Madeira.

» Certified expenditurewe consider the FOI “Transport Infrastructure’ttbdor the Structural and Cohesion

Funds. All the NUTS 2 who received the Cohesiondsuaiso received Structural Transport Funds.

%L For more details on transport cost functions irG\fodels, see McCann (2005).
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e Period for the outcome variable we cannot split the wsialinto sub-periods, because data on POT is only
available for some specific years (1955, 1970, 198190, 2000, and 2012). We decided to consider the
growth rate for the period 2000-2012.
« Sampleswe first considered the whole sample; then wdugbedl the Reunion Island that has a growth rate
equal to zero.
e Estimationswe used parametric (OLS) and non-parametric @siim (local linear polynomial estimation with
standard errors estimated with bootstrap methd@Do teplications).
Our goal was to verify whether the treated unitst tteceived (and spent) EU transfers for theseifipdields of
intervention experienced a greater growth in thie@ue variables of these transfers. As mentionéardethe samples
used were different for each specific FOI, becawegtaall the units received transfers for both sexctd intervention.
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