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Meta-analysis of the impact of European Union Structural Funds
on regional growth

Sandy Dall’Erba® and Fang Fang®

ABSTRACT

Meta-analysis of the impact of European Union Structural Funds on regional growth. Regional Studies. This paper offers a
meta-regression analysis of the controversial impact of European Union Structural Funds on the growth of the recipient
regions. It identifies the factors that explain the heterogeneity in the size of 323 estimates of their impact recorded in
17 econometric studies. Heterogeneity comes from the publication status, the period examined, the control of
endogeneity and the presence of several regressors, but not from differences in functional forms.
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meta-analysis; hierarchical model; multivariate regression; regional growth; structural funds; public policy
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RESUME

Une méta-analyse de I'impact des Fonds structurels de I'Union européenne sur la croissance régionale. Regional Studies. Cet
article présente une méta- analyse de régression de I'impact controversé des Fonds structurels de I'Union européenne sur la
croissance des zones bénéficiaires. On identifie les facteurs susceptibles d'expliquer I'hétérogénéité de I'importance des 323
estimations de leur impact enregistrées dans 17 études économétriques. L'hétérogénéité s'explique par le statut de
publication, par la période considérée, par la maftrise de I'endogénéité et par la présence de plusieurs variables explicatives,
mais non pas par les différences de formes fonctionnelles.

MOTS-CLES
méta-analyse; modeéle hiérarchique; régression a plusieurs variables; croissance régionale; fonds structurels; politique publique

ZUSAMMENFASSUNG

Metaanalyse der Auswirkungen der Strukturfonds der Européischen Union auf das Regionalwachstum. Regional Studies.
Dieser Beitrag enthalt eine Metaregressionsanalyse der umstrittenen Auswirkungen der Strukturfonds der Européischen
Union auf das Wachstum in den Empfangerregionen. Wir identifizieren die Faktoren zur Erklarung der heterogenen
GroBen der in 17 6konometrischen Studien verzeichneten 323 Schatzungen der Auswirkungen. Die Heterogenitat lasst
sich auf den Publikationsstatus, den untersuchten Zeitraum, die Beriicksichtigung von Endogenitdt und die Présenz
mehrerer Regressoren, nicht aber auf Unterschiede in den funktionellen Formen zurtckfihren.
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RESUMEN

Metaandlisis del impacto de los fondos estructurales de la Unién Europea en el crecimiento regional. Regional Studies. Este
articulo contiene un analisis de metarregresién del impacto controvertido de los fondos estructurales de la Union Europea
en el crecimiento de las regiones receptoras. Identificamos los factores que explican la heterogeneidad del tamafio de 323
estimaciones de su impacto que se registraron en 17 estudios econométricos. La heterogeneidad procede del estado de la
publicacién, el periodo examinado, el control de la endogeneidad y la presencia de varios regresores, pero no de las

diferencias en las formas funcionales.
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INTRODUCTION

In the European Union every programming period sees
around one-third of the budget devoted to various
regional cohesion policies. Since their implementation in
the 1970s, a large set of studies measure their impact on
the economy of the recipient localities, regions and
countries. They are selected because of their low levels
of relative per capita gross domestic product (GDP),
high unemployment rate, low density and recessive indus-
try. While some contributions in the academic literature
are generally supportive of the continuation of such pol-
icies (e.g. Cappelen, Castellacci, Fagerberg, & Verspagen,
2003; Esposti & Bussoletti, 2008), others cast doubts on
their actual efficacy (e.g. DallErba & Le Gallo, 2008; and
some estimates of DallErba & Le Gallo, 2007, and
Bouayad-Agha, Turpinn, & Védrine, 2011), highlight
their conditional efficacy (e.g. DallErba & Le Gallo,
2007; Ederveen, Gorter, De Mooij, & Nahuis, 2002;
Ederveen, De Groot, & Nahuis, 2006; Rodriguez-Pose
& Fratesi, 2004), or conclude that they act negatively
on growth (Fagerberg & Verspagen, 1996; and some esti-
mates of Puigcerver-Pefialver, 2007, and Bouayad-Agha
et al., 2011). Understanding what factors explain the
differences in the estimated impact of regional policies
and whether actual practical changes can be implemented
is especially important now that sluggish economic growth
among European Union members and recent rounds of
bailouts have undermined the availability of public fund-
ing for regional cohesion purposes.

This paper relies on a literature that econometrically
estimates the regional growth impact of Structural Funds
and identifies the sources of heterogeneity in the estimated
impact. The focus is solely on econometric studies for hom-
ogeneity purposes. Moreover, some other papers are not
considered because they do not rely on a sufficiently hom-
ogenous definition of the funds (e.g. they use proxy or
dummies). As a result, the meta-database is composed of
17 manuscripts offering 323 estimates in total. The
meta-analysis framework was first introduced by Glass
(1976). It has the capacity to combine the results of several

existing studies and summarize their outcome. In addition,
it controls for differences/similarities within and between
studies and identifies whether the former come from
sampling (e.g. size and time period of the sample) or
non-sampling (e.g. estimation process and regressors
used) characteristics. Estimation takes place in the frame
of meta-regressions that measure the role of the study
characteristics by explaining the differences among study
outcomes. Hence, it allows a more complete picture of an
existing literature than traditional qualitative or narrative
approaches.

The paper is organized as follows. The second section
begins with a short description of the theory commonly
used to measure the impact of European Union Structural
Funds. It continues with a description of some of the
econometric challenges met in this literature. The third
section reports the way the primary estimates were col-
lected from the existing literature. The fourth section pre-
sents the meta-regression models as well as the selected
moderators. The fifth section reports the estimation
results and discusses the factors that significantly affect
the magnitude of the estimated impact of the funds. In
addition, an ordered probit model uncovers the factors
that influence the probability of estimating a significantly
positive return of the funds. Finally, the sixth section
concludes.

GROWTH THEORIES AND ECONOMETRIC
METHODS

Theories

Three strands of economic growth theory are commonly
used to understand the role of public investments in sti-
mulating growth. The traditional approach is the neoclas-
sical growth framework that relies on the assumptions of
decreasing returns to capital and constant and exogenous
rate of technological progress. Structural Funds corre-
spond to public investments allocated to a capital-scarce
region, hence they increase the growth rate of the recipi-
ent area that experiences faster convergence towards its
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steady-state level but for a short period of time only
(Solow, 1956). The growth rate does not change in the
long run due to the decreasing nature of the returns to
capital. This holds true with investments in human capi-
tal as well (Mankiw, Romer, & Weil, 1992). In this fra-
mework, only changes in the exogenous rate of
technological progress modify the steady-state growth
rate. The second strand of the literature, the endogenous
growth theory, is based on the assumptions of constant
returns to capital (at the regional level), endogenous tech-
nological progress and local externalities. It assumes that
new investments in public capital increase the marginal
product of private capital. This fosters capital accumu-
lation and growth in the recipient region in the long
run (Aschauer, 1989; Romer, 1990). However, the
empirical paradox pinpointed by Jones (1995a, 1995b)
according to which total factor productivity remains con-
stant in spite of new expenditure in research and develop-
ment (R&D) and human capital has given birth to semi-
endogenous growth theory (Jones, 1995b). Based on the
idea of decreasing returns to scale in the production of
knowledge, these models assume that total factor pro-
ductivity growth depends on the exogenous growth rate
of the population because it determines the R&D
employment growth rate.

Neither the neoclassical nor the endogenous growth
theories are specific enough about the type of public capital
that is funded, yet the largest share of Structural Funds
(around one-third) finances transportation infrastructures.
They reduce transportation costs, hence they have conse-
quences on the economic growth of the recipient regions
in ways that cannot be captured in any of the previous
growth theories. As such, the third strand of economic
growth theory, namely the new economic geography
(Fujita, Krugman, & Venables, 1999; Krugman, 1991),
has generated increasing interest. In this framework, new
transportation infrastructures lead to different degrees of
improvement in accessibility and economic development
in the region(s) where they are implemented (Vickerman,
Klaus, & Wegner, 1999). When new (interregional) trans-
portation infrastructures connect regions of different levels
of income, companies and workers may de-locate from the
poor region to the rich one to benefit from agglomeration
economies (Krugman, 1991). This process can be self-rein-
forcing when the presence of localized technology spillovers
is conducive to growth, as indicated in the models of Bald-
win, Forslid, Martin, Ottaviano, and Robert-Nicoud,
(2004) who combine new economic geography and endogen-
ous growth theories. In addition, since interregional transpor-
tation infrastructures are more often the rule than the
exception in Europe, they will increase the accessibility of sev-
eral regions, but the gains they generate will always be rela-
tively higher in the richest one (Vickerman et al., 1999).

Econometric methods

In spite of these three strands of economic growth theory,
the empirical literature of interest here relies almost exclu-
sively on the neoclassical beta- convergence model 4 la
Barro and Sala-i-Martin  (1991). This feature is an
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advantage in a meta-analysis as it makes the estimates
of the primary studies homogeneous conceptually. Specifi-
cally, the (cross-section) model most commonly used in
the literature to measure the elasticity of the funds derives
from the beta-convergence model specified in Mankiw
et al. (1992, p. 423) but with variations in the number
and specification of the regressors:

1
T—1%

= av, + Boln(y,) + Byln(s) + Boln(n+g+8) (1)
+XB;+ B,SF+¢

e~ N(0, o71,)

(In(yr) —In(y,)) = g

with

where the dependent variable is the annual growth rate of
per capita GDP in region i over the period 7 — 7} y,, is
the initial level of per capita GDP; s is the average gross
domestic savings rate; 7 is the population growth rate; g
is the exogenous rate of technological progress; J is the
rate of depreciation; X is a matrix of additional variables
that maintain the steady state of each economy constant;
SF is Structural Funds; and € is the error term with the
usual properties. Most studies report a significant negative
estimate of By, which validates the convergence assump-
tion brought to the fore by the neoclassical growth
model. This paper focuses on the effect size of the average
annual growth rate with respect to Structural Funds, i.e.
the coefficient ;.

Note that one gets a different marginal effect when
an interaction term is added to specification (1). For
instance, when Ederveen et al. (2006) evaluate whether
the funds are conditionally effective on the quality of the
institutions that rule the recipient region, they add a
term such as B;SFx institutions to the regressors of
equation (1). The marginal effect then becomes
dg/0SF = B, + Bs institutions. In this situation, the effect
at the mean of the interacted term is measured when poss-
ible (e.g. the mean of ‘institutions in the case above).

While most of the studies measure the variables in the
matrix X at the initial time period to prevent endogeneity,
the funds are sometimes measured over the growth period.
This leads to a problem of reverse causality as the funds are
partially allocated based on past relative levels of regional
per capita income (DallErba & Le Gallo, 2008). The
more recent studies in the database have dealt with this
issue by using past levels of Structural Funds (such as
Mohl & Hagen, 2010), instrumental variables (such as
Dall’Erba & Le Gallo, 2008) or Arellano and Bond’s
(1991) estimator (Esposti & Bussoletti, 2008). Differences
in the treatment of endogeneity among primary studies will
be treated below.

As access to Structural Funds data has become more
available, several authors have decided to assess the impact
of the funds in the frame of a panel data model. Such a spe-
cification provides them with more information and data
variability. This allows control over unobserved heterogen-
eity and reduces problems of collinearity among the expla-
natory variables. No panel-data study uses a random effect
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approach, which, in the frame of a neoclassical growth
model, implies that the individual effects are correlated
with some regressors. This would lead to endogeneity
(Esposti & Bussoletti, 2008).

Increasing interest in new economic geography and
advances in the field of spatial econometrics have led four
studies to investigate the impact of the funds on both the
targeted regions and their neighbours (Bouayad-Agha
et al., 2011; Dall'Erba & Le Gallo, 2007, 2008; Mohl &
Hagen, 2010). It allows them to proxy for interregional
backward and forward linkages, technology spillovers,
commuting across regions, and to refute the traditional
assumption of independence of the error terms.

PRIMARY STUDIES

The collection process of the primary studies was per-
formed to avoid missing any relevant empirical estimates
and to reduce the potential biases due to any non-random
selection. The following process was adopted: first, a search
was made on the Economic Literature Index, ISI web of
Knowledge and Google for any reference such as ‘European
growth’, ‘Structural Fund’ and ‘European regional cohe-
sion’. Next, only the studies written in English were
selected as the authors have limited capacity to extract
information from other studies. Studies using proxies for
Structural Funds were eliminated. The studies using
dependent variables other than per capita income growth,
using a theoretical framework other than the neoclassical
growth model or relying on a different modelling frame-
work were also eliminated. Some studies and measure-
ments were also removed because they do not use the
actual amounts of Structural Funds. For instance, some
use a binary variable for recipients versus non-recipients
(Becker, Egger, & Von Ehrlich, 2010; Esposti, 2007) or
use different growth regressions by eligibility status
(Ramajo, Mirquez, Hewings, & Salinas, 2008). Here,
only the measurements of Esposti (2007) based on the
actual allocation of the funds are kept. The latter contri-
bution demonstrates clearly that using a dummy variable
or actual expenses leads to different results.

Furthermore, some estimates in Puigcerver-Pefialver
(2007) were disregarded because they are based on the
regional allocation of the funds relatively to the Community
average. Note also that econometric studies providing local
estimates, as Le Gallo, Dall’Erba, and Guillain (2011), or
focusing on the regions of one country only could not be
considered since all the other studies measure the overall
impact on the sample of European Union regions.

Studies that appear in the bibliography of the relevant
articles were individually checked too. Working papers
that have led to a publication have naturally been removed
from the sample. It leads to a meta-database composed of
17 studies, of which two had estimates calculated over a
five-year growth process that needed to be adjusted to a
yearly growth rate. Secondly, the functional forms needed
more homogeneity. While most of the studies rely on a lin-
ear model or on a log-log model (nine and five articles
respectively), two articles use a log—lin model and one

uses a lin—log model. The latter two cases report few esti-
mates and the semi-elasticity —they represent
((AY/Y)/AX) or AY/(AX/X) can be transformed to an
elasticity ((AY/Y)/(AX /X)) when the average value of X
(for log-lin) or Y (for lin-log) is reported. This process
guarantees the completeness, homogeneity and compar-
ability of the population under investigation, i.e., 323 esti-
mates of the impact of Structural Funds on regional growth.
The studies used in the meta-database and some of the
characteristics of the collected estimates appear in Table 1.

Among them, 77 are marginal effects based on an inter-
action term such as 9 growth/dSF = B, + Bsz. Since the
primary studies report the measurement of the mean of
the interacted term z in 65 cases, the total effect evaluated
at the mean is B, in 258 cases and it is B4 + Bz in 65 cases.

FIXED-EFFECTS MODEL, MIXED-EFFECTS
MODEL AND HIERARCHICAL MODEL

The fixed effects and mixed effects regression models are
commonly used in meta-analysis to control for the hetero-
geneity in the primary estimates. The fixed effects model
assumes that the variability among the effect sizes can be
fully explained by a set of moderators that account for
differences in the characteristics across study z:

Ti = Bo+ Bixig + -+ + Byxiz + &

2
with g; ~ N(0, v;) @

where x1, . . ., x; are the study characteristics; By, .. ., B, are
the regression coefficients; &; is the error term; v; is the esti-
mated variance of the effect sizes collected from the pri-
mary studies; and i=1, 2,...,% are indices for the
estimated effect sizes.

In the mixed effect model the variability beyond the
sampling error is derived partly from a systematic factor
and partly from random sources:

T = By + Byxig + - + Bxig + 1 + &5

<)
g~ N(0, v;) and M~ N(0, 72)

with

Both the fixed- and the mixed-effects models allow the true
effect size and its precision to vary across regressions. How-
ever, the mixed effects model also assumes that not all het-
erogeneity is observable. It allows for the presence of
residual heterogeneity by assuming that the underlying
effects follow a normal distribution around the effects pre-
dicted by the covariates (Sutton, Abrams, Jones, Sheldon,
& Song, 2000).

One potential drawback of the above models is their
assumption that the estimated effect sizes are indepen-
dently distributed no matter from which study they derive.
The traditional assumption of independence can be vio-
lated when two (or more) effect size estimates come from
the same study. This means they are based on the same
sample of data, which introduces dependence at the
sampling level, but it can easily be accounted for by appro-
priate estimation of the sampling covariance matrix. Here,
the 323 observations in the meta-analysis database are not

REGIONAL STUDIES
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Table 1. Characteristics of the primary studies.

Effect size estimate

Percentage Percentage Percentage
Publication Number of Functional significant and non- significant and

Study type estimates form Minimum Maximum Mean SD negative significant positive
Akgomak (2008) T 12 Lin—lin 0.004 0.080 0.044 0.029 0.0 91.7 8.3
Bahr (2008) PP 13 Lin—lin —-0.001 0.157 0.063 0.040 0.0 38.5 61.5
Beugelsdijk and Eijffinger (2005) PP 4 Lin—lin —1.431 0.320 -0.258 0.815 0.0 75.0 25.0
Bouayad-Agha et al. (2011) PP 18 Log-log —0.005 0.020 0.006 0.008 16.7 83.3 0.0
Bouvet (2005) T 4 Log-log 0.020 0.270 0.105 0.113 0.0 25.0 75.0
Cappelen et al. (2003) PP 3 Lin—lin 0.005 0.007 0.006 0.001 0.0 0.0 100
Dall'Erba and Le Gallo (2008) PP 3 Lin—lin -0.010 0.002  -0.004 0.006 0.0 100 0.0
Dall’Erba and Le Gallo (2007) PP 28 Lin—lin —0.002 0.007 0.000 0.002 14.3 71.4 14.3
Ederveen et al. (2002) WP 3 Log-lin —0.350 0.700 0.123 0.533 333 33.3 33.3
Ederveen et al. (2006) PP 31 Log-log —-0.026 0.062 0.008 0.022 0.0 100 0.0
Esposti (2007) PP 8 Linlin 0.000 0.000 0.000 0.000 0.0 62.5 37.5
Esposti and Bussoletti (2008) PP 4 Log-log 0.139 0.414 0.226 0.129 0.0 100 0.0
Fagerberg and Verspagen (1996) PP 2 Lin—lin -0.417 -0.225 -0.321 0.136 100 0.0 0.0
Mohl and Hagen (2010) PP 90 Log—log —-0.009 0.011 0.000 0.004 18.9 54.4 26.7
Puigcerver-Pen alver (2007) PP 6 Log-lin —1.343 0.001 —-0.448 0.602 50.0 50.0 0.0
Rodriguez-Pose and Fratesi (2004) PP 92 Lin—lin —7.586 6.294 0.484 2.184 3.2 85.9 10.9
Rodriguez-Pose and Novak (2013) PP 2 Lin-log 0.021 0.369 0.195 0.247 0.0 50.0 50.0
Total 323 —7.586 6.294 0.174 1.504 10.2 71.5 18.3

Note: PP, published paper; WP, working paper; T, thesis.
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from 323 independent studies since they are all nested
within 17 studies. In order to verify if accounting for this
type of dependence modifies the conclusions, the above
models are complemented with a two-level hierarchical
model that considers, first, the within-study variation
and, second, the between-study variation (Goldstein,
2003).

Following the notation used by Dominicis, Florax, and
De Groot (2008), the two-level hierarchical model is:

Ty = Boj + Bixia + - -+ + Bxig + €4,
Bo; = Bo + w;, with g, ~ N(0, v;) and w; ~ N(0, )

where 7 is the individual observations nested in study j; &;
represents the error term at measurement level; ©; is the
estimated variance of the effect sizes from the collected
studies; and ; is the error term at the study level shared
by all measurements within the same study.

As in Dobson, Ramlogan, and Strobl (2006), this paper
finds that it would be impossible to take into account all the
conditioning variables given the limited size of the sample
and that several of them can be found in some individual
studies only. As a result, the focus is on the most commonly
used conditioning variables, while differences in data and
estimation characteristics are captured by dummies. Con-
trolling for all sources of heterogeneity is anyway unnecess-
ary as it would only capture study differences that are
already taken into account in the study fixed effects of
the hierarchical model.

There are three classes of moderators. The first class
concerns the data characteristics, which include information
about the following:

e The publication status (published or unpublished), as it
may be a source of heterogeneity (Egger, Davey Smith,
Schneider, & Minder, 1997).

e The degree of freedom.

e The area of study (more or less than EU-12) as studies
performed on a sample that excludes the Southern and
East European countries generally conclude to a greater
degree of cohesion and efficiency of the funds.

e The type of spatial unit used (country versus regions) as
it is well known that the spatial scale used for the analy-
sis influences the conclusions.

e The definition of the funds (fund/GDP versus other) in
order to differentiate the ways the primary studies nor-
malize the allocation of the funds.

e The functional form used (linear, semi-elasticity versus
elasticity) as the three forms are found in the primary
studies. These two functional forms constitute the
bulk of the estimates (Table 1).

o Whether the funds are for Objective 1 regions as histori-
cally the largest share of Structural Funds has been allo-
cated to so-called Objective 1 regions selected upon
their level of per capita GDP being below 75% of the
European average.

e The time lag between the average allocation of the funds
and the average of the growth period as several primary
studies use a lag to remove potential problems of

simultaneous causation and recognize that public invest-
ments do not act instantaneously on growth.

e The number of years included in the allocation of the
funds. Studies based on an average of several years are
less sensitive to the cyclical effect of each year’s
allocation.

e Initial year of the growth period (pre- versus post-1994).
It allows one to test the existence of a structural break in
the capacity of the funds to promote growth. The year
1994 is chosen as it corresponds to the beginning of
the 1994-99 programming period during which more
than 2.5 times the previous (1989-93) level of funds
was allocated.

o Whether the study was written/published before or after
the median year (2007) of the sample. This variable
allows one to test whether more recent studies benefit
from the experience built in the past literature. For
instance, more recent studies pay a much greater degree
of attention to issues of endogeneity of the funds and
spatial autocorrelation than earlier studies. If not con-
trolled for, both issues affect the magnitude and pre-
cision of the estimates.

The second class of moderators concerns the estimation
characteristics, that is information on the estimation
methods. Distinguishing the least squares methods —
ordinary least squares (OLS), generalized least squares
(GLS), least squares dummy variable (LSDV) — from the
others — maximum likelihood (ML), generalized method
of moments (GMM), two-stage least squares (2SLS) — is
necessary. While OLS and ML are equivalent in most
simple regressions, they are not equivalent in the presence
of spatial autocorrelation. This means ML is not part of
the reference group. The other two moderators in this
class indicate whether instrumental variables (IV) were
used to account for the endogeneity of the funds and
whether a fixed effect approach was used. As mentioned
above, panel data studies cannot use a random effect
approach in a neoclassical growth model. Finally, the role
of controlling for spatial dependence is tested as it is
increasingly recognized that the funds have effects beyond
the boundaries of the recipient areas. It is a dummy with
value 1 when the presence of externalities and feedback
effects has been accounted for by spatial econometric
means in the primary study.

The third class of moderators refers to the presence of
regressors other than Structural Funds. The estimated effec-
tiveness of the funds is also conditional upon such charac-
teristics in the primary studies (Ederveen et al., 2002, 2006;
Esposti & Bussoletti, 2008; Rodriguez-Pose & Fratesi,
2004). They include the presence/absence of a national
dummy variable, of the initial per capita GDP, of variables
capturing the characteristics of the economic structure (e.g.
share of workers in agriculture), employment or population,
public investments or infrastructure stock, human capital or
investments in education or research and development,
corruption/institutional quality and the presence of an
interaction term.

REGIONAL STUDIES
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In essence, the results will suggest that the use of the
above data characteristics, estimation characteristics and
moderators produce smaller/greater estimates of 8, on
average in the primary studies. Except for the few continu-
ous variables present here, the estimates can also be under-
stood as measuring the bias that exist from excluding the
associated control or choosing the alternative (in parenth-
eses in Table 2) in the primary study.

Note that the interpretation of some of the above
dummy variables is not necessarily the same for different
studies. For example, which country- or region-specific
characteristics are captured by ‘fixed effects’ depends on
which other regressors are already included in the primary
study. Similarly, the type of IV used is conditional upon
other existing regressors. However, it is impossible to
account for such a large degree of heterogeneity across pri-
mary studies without compromising the degree of freedom
and the quality of the estimates.

META-REGRESSION RESULTS

Table 2 presents the results of the regressions for the fixed
effect model (column 1) and the mixed effect model (col-
umn 2) where the 323 estimates are considered indepen-
dent and for the hierarchical linear model where they are
not (column 3). Indeed, the study fixed effects included
in the latter model controls for differences across studies.

The magnitude, sign and precision level of the esti-
mates are comparable across all three models. The results
indicate that the first significant moderator is ‘publish’. It
is a dummy variable that takes 1 when the primary study
is published, and 0 if not. The coefficient indicates that,
on average, published studies report an impact that is
lower than unpublished studies. The second significant
moderator is ‘area of study’. It is a dummy variable that
takes the value 1 when the area of study is less than EU-
12, and 0 if not. The coefficient indicates that, on average,
the impact of the funds on growth is greater in samples
considering ‘less than EU-12’ countries than in samples
based on ‘EU-12 or more’ countries. This result is not sur-
prising considering that the poor regions of the Southern
countries that enlarged the European Union from nine to
12 members consumed a large share of the Structural
Funds, yet they did not necessarily catch up with their
average national income or with the European average
(Dall’Erba & Le Gallo, 2008). While no significant differ-
ence between studies performed at the country or regional
level is found, there is one between estimates based on the
funds/GDP versus any other form of normalization (funds/
population or just funds). The former leads to estimates
that are slightly higher on average.

No significant difference due to the functional form is
found, which supports the choice of working with the
whole sample. The next significant moderator is ‘Objective
1’. It is a dummy variable that takes value 1 when the funds
are explicitly allocated to Objective 1 regions. The differ-
ence in the estimated impact of such funds compared
with non-Objective 1 funds is significant but is very
small (less than 0.000). The results indicate also that the
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immediate impact of the funds is greater than its delayed
impact, although not by much. This argument is in tune
with Boldrin and Canova (2001) where these authors see,
at least in the first rounds of European Union cohesion pol-
icies, a strategy targeted more towards short-term income
support and redistribution than long-term sustainable
development. The number of years included in the allo-
cation of the funds has no significant impact on heterogen-
eity. However, both the initial year of the growth period
and the year of composition/publication of the primary
study matter. They are dummy variables with value 1 for
early periods and O for the more recent periods. Several fac-
tors could explain the role of the beginning of the growth
period: the presence of business cycles that render the
funds more efficient over some periods of time, an increase
in the amounts allocated over each programming period
(following the enlargement to the South, the 1994-99
period saw a significant increase in funding for regional
development compared with the past), or the presence of
a ‘learning effect’ in the allocation and use of the funds as
advanced by Rodriguez-Pose and Novak (2013) recently.
The authors justify it with a ‘more appropriate expenditure
of the Cohesion funds, due to a progressive shift in their
expenditure priorities’ as well as a ‘strengthening of the
principle of partnership’ with local and regional authorities
(p. 32). The significant presence of a time trend in the year
of publication or composition of the manuscript indicates a
‘learning effect’ too, although of a different nature. More
recent studies can rely on a larger literature providing
additional expertise on the topic and on the appropriate
statistical techniques to which to pay attention, among
others spatial autocorrelation and the endogenous nature
of the funds. Both effects can affect the magnitude and
the precision of the estimates.

Next, this paper tests whether several estimation
characteristics used in the primary studies influence the
estimated impact of the funds on growth. It appears that
controlling for the endogeneity of the funds leads to esti-
mates that are lower on average. It is the only significant
characteristic in the second class of moderators.

Finally, the role of the regressors included in the primary
studies is tested. They correspond to a dummy variable with
value 1 when it is present in the primary study, and 0 other-
wise. Three moderators are significant at the 5% level. They
are ‘human capital or investment in education or R&D’,
‘corruption/institutional quality’ and ‘interaction term’. The
first variable leads to an effect size that is lower on average.
Its presence across many studies reflects the dominance of
the augmented Solow growth model that includes the pres-
ence of a proxy for human-capital accumulation (Mankiw
et al., 1992). Ederveen et al. (2006) explore the role of the
second variable the most among the four studies that do
so. Not surprisingly, they conclude that the effectiveness of
the funds is conditional upon the level of corruption/insti-
tutional quality of the recipient area. Compared with studies
that do not control for this characteristic, their estimates
conclude to a lower effect size on average. Finally, when it
comes to the ‘interaction term’, the reader should refer to
the primary studies to find the exact definition of the 17
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Table 2. Meta-regression results.

Fixed Mixed Ordered
Moderator variables effects effects Hierarchical probit
Constant 0.187 0.187 0.187
(0.003) (0.003) (0.003)
Data characteristics
Publication status: published (unpublished) —0.047 —0.047 —0.047 1.453
(0.045) (0.045) (0.045) (0.052)
Degrees of freedom? —-0.001 —0.001 —0.001 0.726
(0.180) (0.178) (0.180) (0.081)
Area of study: less than EU-12 (EU-12 or more) 0.037 0.037 0.037 0.037
(0.008) (0.008) (0.008) (0.008)
Spatial units: country (regions) 0.006 0.006 0.006 0.914
(0.560) (0.562) (0.560) (0.377)
Fund definition: fund/gross domestic product (GDP) (other) 0.068 0.068 0.068 2.224
(0.044) (0.044) (0.044) (0.050)
Functional form: lin—lin (log—log) —-0.002 —-0.002 —-0.002 —-2.502
(0.639) (0.639) (0.639) (0.022)
Functional form: semi-elasticity (log—log) 0.003 0.003 0.003 —1.948
(0.912) (0.913) (0.912) (0.014)
Recipient regions: Objective 1 regions (other) 0.000 0.000 0.000 0.100
(0.002) (0.003) (0.002) (0.606)
Time lag: number of years® —-0.001 —-0.001 —-0.001 0.253
(0.000) (0.000) (0.000) (0.004)
Years of allocation® —0.001 —0.001 —0.001 0.186
(0.826) (0.826) (0.826) (0.083)
Initial year of growth period: pre-1994 (post-1994) —-0.098 —-0.098 —-0.098 -0.214
(0.001) (0.001) (0.001) (0.593)
Early study: written pre-2007 (recent study: written post-2007) -0.026 -0.026 -0.026 —1.547
(0.019) (0.019) (0.019) 0.171)
Estimation characteristics
Estimation method: other (least squares methods) 0.031 0.031 0.031 -1.817
(0.341) (0.347) (0.341) (0.066)
Endogeneity (no endogeneity) -0.002 -0.002 —-0.002 -0.250
(0.001) (0.001) (0.001) (0.355)
Fixed effects approach (no effect) -0.023 -0.023 -0.023 0.334
(0.348) (0.348) (0.348) (0.611)
Spatial autocorrelation —0.031 —0.031 —0.031 1.935
(0.339) (0.339) (0.339) (0.040)
Presence of regressors
National dummy variable 0.000 0.000 0.000 -0.262
(0.232) (0.233) (0.232) (0.563)
Initial per capita GDP —0.033 —-0.033 —0.033 —-0.506
(0.494) (0.494) (0.494) (0.328)
Economic structure 0.000 0.000 0.000 1.958
(0.055) (0.058) (0.055) (0.011)
(Continued)
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Table 2. Continued.

Fixed Mixed Ordered

Moderator variables effects effects Hierarchical probit
Employment or population 0.022 0.022 0.022 -2.025
(0.307) (0.307) (0.307) (0.006)
Public investment or infrastructure stock -0.002 -0.002 -0.002 0.285
(0.537) (0.537) (0.537) (0.652)
Human capital or investment in education or research and -0.102 -0.102 -0.102 -0.916
development (R&D) (0.000) (0.000) (0.000) (0.202)
Corruption/institutional quality 0.040 0.040 0.040 1.106
(0.000) (0.000) (0.000) (0.082)
Interaction term 0.010 0.010 0.010 0.863
(0.000) (0.000) (0.000) (0.086)
Threshold from ’Positive significant’ to ‘Negative significant’ -0.699
(0.516)
Threshold from ‘Negative significant’ to ‘Non-significant’ -0.274
(0.799)

N 323

Log-likelihood 473.392 0.163 473.392 —-208.73
Akaike information criterion (AIC) —896.785 0.163 —894.785 469.459
R* 0.163 0.163 0.163 0.357

Note: The fixed effect model is estimated by maximum likelihood (ML); the mixed effect model is estimated by restricted ML; and the hierarchical model is
estimated by iterative restricted ML. In the latter model, the level-1 number of estimates is 323; and the level-2 number of studies is 17. The ordered probit
model is estimated by ML. All moderator variables enter the regression as dummies, except those labelled ‘’, which are continuous variables. The omitted
category for dummy variable appears in parentheses below the name of the moderator variable. The p-values are reported in parentheses below the coeffi-

cient estimates.

variables with which the funds have been interacted in 77
cases. On average, the presence of an interaction term
leads to a higher estimated impact of the funds in the pri-
mary studies.

When comparing the three models, it turns out that the
coefficient estimates are very similar in magnitude and pre-
cision. It is confirmed in the similarity of the models” fit
values (log-likelihood, Akaike information criterion
(AIC) and R* — the Pearson correlation test between the
fitted and observed values) and can be explained by the
value of 7 being zero in the mixed and hierarchical
models.? As a result, the heterogeneity detected in the dis-
tribution of the effect sizes is entirely observable whether it
comes from the differences in study design, estimation pro-
cesses, moderators used in the primary studies or the var-
iance of the effect sizes they estimate.

Finally, the above models are complemented by an
ordered probit model that presents the advantage of
accounting for otk the effect size of the dependent variable
and whether or not it is significant in the primary studies
(Card, Jochen, & Weber, 2010). In this approach, the
dependent variable takes on a value of O for the ‘significant
positive estimates’ (when 7;/.,/v; > 1.96), 1 for the ‘signifi-
cant negative estimates’ (when 7;/,/v; < —=1.96) and 2 for
the ‘non-significant estimates’ (when [|77] | //(v | 9)| <
1.96). In this model the errors are assumed to be normally
distributed with variance 1 (Greene, 2012, p. 788). The
results appear in the last column of Table 2. All the

REGIONAL STUDIES

significant and negative estimated coefficients indicate the
variables that increase Prob (y =0 | «x). They also decrease
Prob (y = 2 | x) while their impact on the middle category,
Prob (y = 1] ), is more ambiguous, as described in Greene
(2012, p. 789). The opposite can be said about the signifi-
cant and positive estimated coefficients. The results indicate
that the variables that increase the probability of a positive
and significant estimated impact of the funds are the use
of a functional form other than elasticity and the presence
of a variable controlling for the level of ‘Employment or
population’ in the primary study. The probability of con-
cluding to an efficient impact of the funds is found to
decrease with increasing years of lag between allocation
and growth, which indicates the immediate rather than
long-run impact of European Union cohesion policies (Bol-
drin & Canova, 2001); when the funds are divided by GDP;
when spatial autocorrelation is controlled for (DallErba &
Le Gallo, 2008); and when the original model captures
the ‘economic structure’ of the recipient area.

CONCLUSIONS

The capacity of Structural Funds to promote regional econ-
omic growth has been controversial for decades. Both
economic theory and empirical applications are not unani-
mous about their role on growth; yet Structural Funds are
an important part of the European integration project and
the evaluation of their impact matters for both the
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recipients and the payers. This paper takes stock of the
large number of studies that measure econometrically the
impact of the funds on growth and selects among them
those that offer comparable effect sizes. It leads to 17
studies that offer 323 marginal effects.

The sources of their heterogeneity are examined by
means of several weighted regression models (fixed-effects
model, mixed-effects model and hierarchical model).
While they all assume that part of the heterogeneity is due
to differences in the data characteristics, estimation methods
and choice of regressors in the primary studies, they each
model the variance of the omitted variables differently.
Yet, they all lead to very similar estimates, which proves
the robustness of the results and that all the heterogeneity
detected among the effect sizes is observable. They indicate
that several differences in the data characteristics are at the
origin of the heterogeneity found in the primary estimates.
Among them, the publication status is found to influence
the size of the estimates. A ‘learning effect’ is also present
because studies focusing on more recent years conclude to
a larger impact of the funds, which suggests the way of allo-
cating and using them has become more efficient. Further-
more, the results indicate that the differences in functional
forms used in the primary studies do not have a significant
impact on the size of the estimates.

Controlling for endogeneity and for three types of
regressors (‘human capital or investment in education or
R&D, ‘institutional quality’ and ‘interaction term’) in the
original studies also lead to significant differences in the
primary estimates. The latter are characteristics of the reci-
pient regions that condition the effectiveness of the funds.

Finally, this study complements the usual meta- analytic
approach by running an ordered probit model to uncover the
factors that affect the probability of estimating a significantly
positive impact of the funds. To the authors’ knowledge, this
endeavour had never been done before.

These results suggest that future researchers working on
European Union regional development policies should be
aware of the possible econometric bias and associated erro-
neous conclusions that come with their choice of study
design and regressors. On the other hand, it is now clear
that there are many aspects of the study such as the func-
tional form and some estimation characteristics they should
not be too worried about since they do not affect signifi-
cantly the size of the estimates on average. In addition,
future researchers will be able to rely on a larger literature
pool than the first contributors to this field and this ‘learn-
ing effect’ has proven not negligible.

Given the long-lasting interest for improving the effec-
tiveness of the funds, future contributions should devote
more attention to estimating the impact of the funds in
the frame of theories and models other than the neoclassi-
cal beta-convergence model. For instance, Dall'Erba, Guil-
lain, and Le Gallo (2009) offer an approach based on an
endogenous growth model, but many more contributions
are needed. Another exciting development in the evalu-
ation of the funds is the use of a counterfactual methodo-

logical approach based on the regression discontinuity
design, as in (Becker et al. 2010; Becker, Egger, & Von

Ehrlich, 2013) and Pellegrini, Terribile, Tarola, Mucci-
grosso, & Busillo (2013). The authors build on the allo-
cation rule of Objective 1 funds to compare the effect on
the regions with a per capita GDP level just below the eli-
gibility threshold (75% of the European Union average)
with the per capita GDP of the regions just above since
they did not get this type of funding. Last but not least,
more attention could be given to locally weighted estimates
of the funds, as in Le Gallo et al. (2011). Their main con-
tribution is to provide coefficient estimates for every single
region, as opposed to the average impact for the entire
sample, as is currently done in the literature. It helps
them identify the regions where the funds have had a posi-
tive and significant impact and allows them to reconsider
the ‘one size fits all’ approach that has dominated the allo-
cation process and the empirical literature so far.
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