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Abstract

Most studies of institutional quality and regional growth assume uniform effects across
territories. However, this may mask crucial regional heterogeneity, with direct policy
implications. We use a latent class framework applied to 230 EU regions over 2009-2017
to identify institution-driven regional parameter groups, and to examine both average
effects and catching-up effects associated with changes in the institutional environment.
We demonstrate that institutional quality generates highly variable returns to investment
in physical capital and innovation. Nordic and Central European regions show highest
returns to physical capital and R&D investment, whereas less-developed regions benefit
most from education spending. Crucially, we find that improving government quality not
only raises average returns but also promotes territorial cohesion. By contrast, regional
autonomy shows limited impact on returns. Our findings challenge the one-size-fits-all
approach to cohesion policy and indicate that cohesion policy should explicitly promote
institutional improvements in addition to capital deployment.
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1. Introduction

The disparities in economic growth amongst countries and regions have long
preoccupied researchers and policymakers alike. Standard economic growth models
attribute production to several inputs, including the accumulation of physical and human
capital, innovation, and productivity (Solow, 1957; Romer, 1986; Lucas, 1988). Over
time, neoclassical growth models have evolved to incorporate additional factors such as
technology and human capital as key drivers of economic growth (Mankiw et al., 1992;
Islam, 1995). Yet despite this progress, consensus remains elusive on the fundamental
variables that drive growth (Temple, 1999).

This lack of consensus has spurred alternative theories, from endogenous growth
theory to new economic geography. Since North's (1990) seminal work, the role of
institutions in economic development has stood at the centre of debate. On one hand,
institutional quality is believed to enhance the business environment (Acemoglu et al.,
2005) and promote economic growth (Rodrik et al., 2004), while also being considered
amongst the geographical factors influencing development (Gallup et al., 1999). On the
other hand, improvements in institutions may themselves result from economic growth
(Barro, 1999). Empirical evidence supports both perspectives.! Aghion et al. (2016), for
instance, examine the link between corruption and growth in US states, while Bournakis
et al. (2023) explore the impact of institutions on economic performance in Sub-Saharan
Africa through the lens of natural resource efficiency. Glaeser et al. (2004) highlight the
need for careful measurement of institutional quality and the application of robust
econometric methods in country-level studies of institutions.

In recent decades, increasing attention has focused on the relationship between
government quality and regional economic performance at the subnational level.
Traditional growth studies have typically examined average patterns at the country level
(Temple, 1999). However, as growth trajectories differ markedly across regions, the
relevance of country-wide policy recommendations diminishes: average parameters fail
to capture the true drivers of growth in specific locations (Brock and Durlauf, 2001). A
growing body of literature examines the effects of institutions at the regional and
subnational levels, particularly within Europe (Tabellini, 2010). These studies suggest
that government quality not only directly drives economic growth but also indirectly
enhances the efficiency of public investments (Rodriguez-Pose and Garcilazo, 2015;
Barbero et al., 2023).2 The influence of institutional quality proves especially pronounced
in less-developed or declining regions, where it affects returns to physical and human
capital as well as innovation (Rodriguez-Pose and Ketterer, 2020; Rodriguez-Pose and
Ganau, 2022). Moreover, many of these regions face challenges related to smart
specialisation, a key component of EU cohesion policy reforms (McCann and Ortega-
Argiles, 2015).

Such research relies on a variety of methodologies. For example, regression tree
analysis (Durlauf and Johnson, 1995), quantile regression (Li and Kumbhakar, 2022) and
latent class models (Paap et al., 2005; Battisti and Parmeter, 2013) have been deployed
to account for parameter heterogeneity. Research has also identified distinct convergence

! The strength of intellectual property rights protection is often interpreted in the literature as an indicator
of institutional quality. See Eicher and Garcia-Pefialosa (2008) for an analysis of its effect on economic
growth.

2 In a recent paper, Colombo et al. (2024) study the indirect effect of informality through the public
expenditure multiplier, concluding that informality is not dependent on the quality of institutions at the
national level.



groups in Europe using methods such as the Phillips and Sul algorithm (Cutrini, 2019;
Cutrini and Mendez, 2023; Mazzola and Pizzuto, 2020) and spatial econometrics (Annoni
et al., 2019).

A related body of research highlights the crucial role of institutional quality in
shaping economic outcomes other than the economic growth of regions and/or countries.
At the national level, and focusing mainly on emerging and developing countries, several
studies emphasize its influence on the relationship between financial openness and
external competitiveness (Aman et al., 2022), as well as on capital accumulation through
R&D channels (Nemlioglu and Mallick, 2020). More recently, Beverelli et al. (2024)
identify country-specific institutional measures based on exporter and importer fixed
effects. At the micro level, noteworthy contributions include the experiment conducted
by Carlsson et al. (2024), which concluded that trust in institutions is crucial for economic
prosperity among entrepreneurs in Ethiopia, and the study by Agostino et al. (2025),
which investigated how institutional quality mitigates the negative effects of weather
conditions on firm-level efficiency in the food sector in Italy.

Taking a policy-design perspective focused on regional growth in Europe, the
central contribution of this paper lies in demonstrating that institutional effects on
regional growth are not uniform—as is typically assumed—but instead are highly
heterogeneous across European regions. This heterogeneity has profound implications for
policy.® While the existing literature establishes that institutions matter, we advance
understanding in three ways. First, we estimate region-specific returns to investment in
physical capital, R&D, and education, enabling policymakers to identify where each type
of investment yields highest returns. Second, we demonstrate that improving institutional
quality not only raises average returns but reduces their dispersion across regions,
promoting territorial cohesion. Third, we show that these effects vary systematically:
developed regions benefit most from improved institutions enhancing capital and
innovation returns, whilst less-developed regions perceive the greatest gains in education
returns.

We build on this literature by conducting a comprehensive analysis of the impact
of institutions on economic development in European regions, estimating region-specific
coefficients to account for differences in institutional factors. Using an empirical
framework based on the neoclassical growth model and incorporating inequality
dimensions (Barro and Sala-i-Martin, 1992), we provide insights into subnational
economic growth by identifying regional-level differences in returns to investment in
education, physical capital and innovation. Our empirical approach enables us to pinpoint
regions with particularly high or low returns on these factors, helping to identify key
targets for public and private investment. Given the substantial public funding dedicated
to promoting development in Europe, our findings can assist policymakers in better
allocating resources to maximise the benefits of cohesion investments.

Our modelling approach is to nest our economic growth model within a latent-
class structure. We first calculate class-specific coefficients for the core drivers of
economic growth, in line with Paap et al. (2005) and Battisti and Parmeter (2013). We
next take a step further than the conventional latent class literature by using the estimated
probabilities of class membership of our latent class model (LCM) to derive region-

3 Malikov and Sun (2017) highlight that ignoring potential parameter heterogeneity can lead to biased
estimates and misleading policy implications. Similarly, Gude et al. (2018) observe that heterogeneous-
coefficient models can provide richer policy insights by allowing policy measures to be tailored more
precisely to each unit.



specific coefficients.* This permits a better understanding of the regional variability in
returns to investment in innovation and human and physical capital. We even go one step
further by conducting several counterfactual analyses that allow us to address potential
nonlinearities in the marginal effects of improvements in institutional quality or changes
in regional authority on the returns to education, investment in physical capital, and
innovation.” Whereas previous research has mainly focused on the average effects of
changes in the institutional environment on economic growth, our counterfactual analyses
permit us to investigate the convergence (i.e., catching-up) effects associated with such
changes. Our analysis thus sheds light on how less-developed regions in the EU can
narrow the gap to their more developed counterparts. In essence, we explore both average
and catching-up effects on the returns (elasticities) of traditional growth drivers in
response to changes in the institutional environment.

It is worth mentioning in this regard that we expect substantial variation in the
effects of different types of investment on regional development, owing to the diversity
of economic ecosystems and institutional settings across regions (Jackson, 2011).
Although previous studies have primarily focused on institutional quality (Charron et al.,
2021; Rodriguez-Pose and Ganau, 2022), further research is needed to understand these
heterogeneous effects better (Bachtrogler et al., 2020). Research on the absorption
capacity of European funds suggests that the institutional framework and fiscal
decentralisation explain to a considerable extent the disparities between less developed
and more developed regions in Europe (Kersan-Skabi¢ and Tijani¢, 2017). Hence, our
aim is to demonstrate how regional variations in institutional conditions and absorption
capacity influence the economic growth trajectories of European regions. Our findings
suggest that policymakers and politicians should focus on reducing public sector
corruption, promoting impartiality, and improving the efficiency of public services.

The structure of the paper is as follows. Section 2 provides an overview of
institutions in European countries and their role in explaining disparities in economic
performance. In Section 3, we introduce the econometric approach, specifically the latent
class model, and outline the methodology used to estimate the marginal effects of
institutional factors. Section 4 describes the data sources used in our analysis. Section 5
focuses on the role of institutions in regional development, presenting our empirical
application to European regions. Finally, Section 6 presents the main findings and offers
policy recommendations based on these results.

2. Institutions and government quality in Europe

Local and regional governments prove crucial for shaping the economic
performance of territories (Rodriguez-Pose, 2013). The quality of regional governments
directly affects the outcomes of public investments and the ability to deploy European
Funds efficiently, thereby influencing economic growth (Rodriguez-Pose and Garcilazo,
2015). The role of government quality commands wide acceptance but the benefits of
regional autonomy remain more contested. As Filippetti and Cerulli (2018) note, regional

4 As Greene (2005) notes, the LCM represents a discrete analogue of the random parameters (stochastic
frontier) model. Random parameters models assume that individual parameters follow a continuous
multivariate distribution. LCM, in contrast, captures only between-group heterogeneity. However, this does
not prevent the calculation of observation-specific coefficients, akin to the random coefficients model
(Greene, 2005; Orea and Kumbhakar, 2004). In this way, the continuous and discrete approaches are
functionally similar.

5 By 'marginal', we refer to a variation of one standard deviation in our variables that measure the quality
of institutions and regional authority.



autonomy can enhance the responsiveness of public services to local needs, but it may
also reduce opportunities for inter-regional risk-sharing and solidarity. Similarly,
variations in government quality can affect the success of decentralisation processes
(Charron et al., 2010, 2014), and decentralisation itself can influence government
effectiveness (Treisman, 2002). Consequently, both institutional features —government
quality and decentralisation— shape the impact of the other on economic growth.
Variations in these institutional factors, along with differing governance practices,
significantly influence the effective use of European funds and the development potential
of regions (Muringani et al., 2019).

These institutional features have evolved significantly in recent years. Between
1950 and 2007, 21 out of 27 EU member states decentralised political power to varying
degrees (Shair-Rosenfield et al., 2020). European policy frameworks assume that regions
possess sufficient authority to implement policies effectively, and that decentralisation
combined with financial capacity facilitates the efficient use of European funds (Van
Wolleghem, 2019). The most comprehensive measure of regional authority is the
Regional Authority Index (RAI) (Hooghe et al., 2016; Shair-Rosenfield et al., 2020),
which covers the period from 1950 to 2018. This synthetic index aggregates ten
dimensions of regional authority: five measuring the degree of self-rule (institutional
depth, policy scope, fiscal autonomy, borrowing autonomy, and representation) and five
assessing shared rule (law-making, executive control, fiscal control, borrowing control,
and constitutional reform). Given that investment for regions eligible for Cohesion Policy
is defined at the NUTS-2 level, and this is the level used by the European Commission to
evaluate cohesion across EU regions, NUTS-2 is the unit of analysis in this study.
However, in some countries, such as Belgium and Germany, regional authority is
assigned at the NUTS-1 level. In these cases, we follow standard practice of assigning the
Quality of Government and RAI measures from the NUTS-1 regions to the NUTS-2
subregions.

Decentralisation levels vary considerably across European countries (Figure 1).°
Regions in Germany, Spain, and Belgium enjoy the highest levels of autonomy,
surpassing even the powers held by states in the United States (used as a point of
reference). In contrast, regions in Estonia, Luxembourg, and Malta possess almost no
autonomy.

Insert Figure 1

The quality of subnational governments within the EU also exhibits significant
variation. The European Quality of Government Index (QI), developed by Charron et al.
(2021), represents the most commonly used indicator to assess government quality at the
regional level.” This indicator captures citizens' perceptions and experiences of
corruption, and the quality and impartiality of public services, particularly in healthcare,

¢ Filippetti and Cerulli (2018) consider the limited variation in the RAI index at the regional level within
European countries as a significant obstacle. Indeed, Figure A.1 in the Appendix shows that, with few
exceptions, the degree of autonomy is fairly homogeneous across regions within each country. This means
that the country-level index can also represent in many cases the average regional level.

" The European Quality of Government Index, often labelled as EQI, is based on a survey conducted across
all 208 NUTS 1 and NUTS 2 regions of the 27 EU member states, with over 129,000 respondents in the
2021 wave. As the index is only available for 2010, 2013, 2017, 2021, and (now) 2024, we follow
Rodriguez-Pose and Ketterer (2020) to address the missing data. Values for the intervening years are
estimated using direct interpolation, and for the period before 2010, it is assumed that the regional quality
of government difference relative to the national level remains constant.



education, and policing. These perceptions are collected through a large-scale survey. The
national quality of government scores is derived as an unweighted average of four key
indicators from the Worldwide Governance Indicators: Control of Corruption,
Government Effectiveness, Rule of Law, and Voice and Accountability. The European
Quality of Government Index focuses primarily on healthcare, education, and law
enforcement and serves as a strong proxy for overall governance quality. High-quality
governance in these areas creates a stable business environment, indirectly influencing
economic performance by helping create conditions conducive to economic activity.

Insert Figure 2

Figure 2 shows the distribution of government quality across European regions as
of 2017. There exists a strong correlation between government quality, socio-economic
development, and social trust within regions (Charron et al., 2014). Nordic countries and
certain central European regions display the highest levels of subnational government
quality. In contrast, regions in south-eastern Europe tend to exhibit relatively low
government quality. However, significant internal disparities are also evident in countries
such as Italy, Bulgaria, and Romania, where lower levels of government quality coexist
with regions that rank higher, like most of those in Portugal and Spain.

3. Economic growth model
3.1. Latent class specification

This section presents the econometric specification used to examine the
relationship between government quality, decentralisation, and economic growth,
through a Latent Class Economic Growth (LCEG) model. Our empirical framework is
based on the neoclassical growth model introduced by Mankiw et al. (1992). In this
model, employment (L;;) grows at rate n;;, while physical capital (K;;) depreciates at a
constant rate §, and region’s total factor productivity (4;) grows exogenously at a
constant rate g. Following Islam (1995), we can write the economic growth model in per
worker terms as follows:

Alnyy = By — Prlnyir—q + Bolnsf + Bsinsfi — By Infiy + Bsins® +m; + vy (1)

where y;; is the per worker production of the i region in period t; fi;; = n;. + g + 8 is
an adjusted employment growth rate; sf and s/} are, respectively, investment in physical
capital and educational levels, the latter as a proxy for human capital; n; captures time-
invariant unobserved region-specific effects; and v;; is a traditional disturbance term. We
included R&D investment (s£”) in equation (1) because, following Jones (1995), we
assume that the technology parameter A;; also depends on the regions’ innovation effort.®

The slope parameters in equation (1) are common across all regions and are time-
invariant. However, this assumption has been questioned by various studies, as it may
weaken the effectiveness of policy measures aimed at promoting economic growth in
individual regions. To address this limitation, we incorporate the basic economic growth
model into a latent class structure.

A conventional Latent Class Model (LCM) assumes a finite number of classes (or
groups), where each observation in the sample is probabilistically allocated to a particular
class. In our application, a specific economic growth function is estimated for each class.

8 This specification can be considered a semi-endogenous economic growth model, as it seeks to replicate
the endogenous model introduced by Romer (1990). Rodriguez-Pose and Ganau (2022) propose a similar
specification, but they also assume that 4;, is influenced by the quality of regional institutions.



The allocation of regions to a particular class depends on the estimated class membership
probabilities, reflecting the uncertainty regarding the true classification of each
observation.

To remove the time-invariant unobserved region-specific effects, we apply a
within-transformation to equation (1). The economic growth model in class j = (1, ...])
can be re-written as follows:

Yit = BiXip + vi*t|j (2)
where the superscript (*) indicates a within-transformation of the original variables, and
vi;~N(0,0,;).” The model is estimated by maximum likelihood (ML) once the j-

specific likelihood functions, LF; (/3 i) Oy j), are weighted using the following prior class
membership probabilities:

, exp(87qit)
Hijt(5j Qit) = 57 — (3)

=1 exp(8jau)

The estimated coefficients can be then used to compute the posterior class
membership probabilities using the following expression:
nij(5],'Qit)'LFit(ﬁjv0'vj)

Z§=1nij(aj'Qit)'LFit(ﬁijvj)

P(jlit) =

4

In our study, we use the above conventional LCM to compute coefficients that
vary across regions. Following Greene (2005), we estimate the region-specific parameters
using the posterior class membership probabilities and the estimated class-specific
parameters as follows:

5 ] NP )i nij(S}Qit)'LFit(Ej’avj) 5
, , = . P it . = . — — .
.Blt(qlt) 21_1 (]l ),B] ZJ_12§=1 Hij(5JI'Qit)'LFit(ﬁj'avj) j

)

Although the set of j-class parameters ([?j) in equation (2) are common to all

observations, each region has its own coefficient (f;;) because they have different
posterior class-membership probabilities. The posterior probabilities depend not only on
the relative goodness-of-fit of each class when explaining the economic growth of each
region, but also on the estimated prior probabilities, which in turn depend, among other
class-membership determinants, on QI;; and RAI;."° These covariates allow us to
examine whether the classification of European regions into different classes depends on
institutional quality and the degree of regional authority, following the approach of Liu
et al. (2020).

The observation-specific coefficients in equation (5) are functions of the group-
specific coefficients and the estimated probabilities of class membership, which in turn
depend on contextual variables that vary across observations. Thus, our LCM can also be
viewed as a heterogeneous and functional-coefficient model. We compute the
heterogeneous coefficients using a parametric function. Malikov and Sun (2017) and Sun
and Malikov (2018) employ semi- or non-parametric methods to estimate heterogeneous

% In our basic economic growth model Y, = Alny;,, and X; = (1, Iny;_q, Insk, inst, In(n; + g +
5),InskP).

10 In our application, q;; also includes the dummy variable identifying less developed regions
(less developed;). This allows examining whether the class classification of the European regions depends
on the quality of their institutions and their degree of authority.



spatial coefficients across both cross-sectional and time dimensions. As Gude et al. (2018)
underline, both parametric and non-parametric approaches have their strengths and
weaknesses, and each must be carefully considered when constructing models. For
instance, non-parametric models, which use kernel smoothing methods to relax
parametric assumptions, can better track heterogeneous coefficients (Li and Racine,
2006), but prove practical only when there are few continuous regressors or a large
number of observations.!!

The parametric nature of our approach allows us to handle potential nonlinearities
in marginal effects due to changes in the institutional environment through
straightforward mathematical expressions. By contrast, the flexible nature of kernel
smoothing methods makes it difficult to compute partial derivatives of functional
coefficients with respect to changes in their determinants. This limits the analysis of
marginal effects of institutional or environmental variables, which forms the focus of our
research.

3.2. Auxiliary regressions

One important issue that requires attention is the potential endogeneity of some
determinants of regional economic growth. For example, Caselli et al. (1996) and others
suggest that variables such as investment in physical capital, educational levels, and R&D
investment might be endogenous, as better economic performance could encourage firms
and households to increase investment. To address this, equation (1) needs to be estimated
using instrumental variables (Wooldridge, 2002) or an equivalent method (see, e.g.,
Amsler et al., 2016).

In a standard regression setting, simultaneity is typically handled using one of
three procedures: two-stage least squares (2SLS), the control function (or residual
inclusion) method, or limited information maximum likelihood (LIML). However,
extending these methods to a latent class model presents additional challenges. Given that
maximum likelihood is the most common method for estimating latent class models,
LIML represents the preferred solution. LIML requires modelling the joint distribution
of a system that includes both the equation of interest and the reduced form equations for
the endogenous variables. However, this approach proves significantly more complex
than standard maximum likelihood models, as it is unclear how best to model the joint
distribution of a weighted sum of class-specific likelihood functions and the error terms
in the reduced form equations for the endogenous explanatory variables. Moreover, in
non-linear models like latent class models, the procedures (2SLS, control function, and
LIML) are no longer numerically or asymptotically equivalent.

To date, a fully developed endogenous latent class model has not yet been
proposed. Therefore, we adopt the two-step procedure outlined by Amsler et al. (2016) to
manage the endogeneity of explanatory variables in a somewhat similar setting.'?
Specifically, Amsler et al. (2016) propose using the residuals from the reduced form
equations for the endogenous variables as a control function. This requires a two-stage

"' A common issue in multivariate nonparametric estimation is the so-called curse of dimensionality, as
nonparametric methods rely on local (weighted) averaging. In higher dimensions, observations are more
sparsely distributed, causing estimators based on local averaging to perform poorly in such cases.

12 In their stochastic frontier framework, modifying LIML is not straightforward due to the error term in
the stochastic frontier model consisting of two random components. Endogeneity arises when the reduced
form error correlates with the error in the equation of interest. Amsler et al. (2016) derive their likelihood
by factoring the density of the endogenous variables conditional on the instruments and employ a two-stage
procedure to obtain the maximum likelihood estimates.



process. In the first stage, the parameters of the reduced form equations are estimated,
and in the second stage, the parameters of the equation of interest are estimated using the
residuals from the first stage as additional explanatory variables. A key advantage of this
two-stage procedure is that it does not require any modification to the likelihood function
of the original stochastic frontier model, making it suitable for application in latent class
models with endogenous explanatory variables.

Another important feature of the control function approach is that the coefficients
of the first-stage residuals can be used to test the null hypothesis that the explanatory
variables are exogenous. If the residuals are statistically significant, the explanatory
variables are endogenous. The F-tests for the residuals are numerically equivalent to the
Durbin-Wu-Hausman (DWH) test, commonly used to assess the endogeneity of a
variable. Using the DWH test requires strong instruments (relevance condition) and valid
instruments (exclusion restriction).'® In a standard regression setting, it is possible to test
the validity of the instruments if the model is overidentified. However, to our knowledge,
the typical Sargan-Hansen test used for this purpose has not yet been adapted for use in a
latent class model with endogenous regressors. As a result, it is not possible to test for
exclusion or over-identifying restrictions in our application.

Since a fully endogenous latent class model with instrumental variables is not
available, we apply the control function approach to address potential endogeneity in
physical capital, human capital, and R&D investments. The auxiliary regression models
(also known as reduced-form models) can be expressed as:

Xie = 9(Zir, ) + &;¢ (6)

where x;; represents an economic growth driver, and Z;; is a set of instrumental variables.
Specifically, we focus on investment, innovation, and human capital as endogenous
variables. In addition to the exogenous drivers of economic growth (such as lagged GDP
and population growth), we include time dummies and European funds (lagged by three
periods) as external instruments. Our auxiliary regressions thus help us to understand the
role of European Funds in regional development, either through their direct contribution
to economic growth drivers or through their indirect effects on growth via investments.
Consistent estimates of our economic growth model can be obtained by estimating an
augmented version of equation (1) that includes the residuals from the first stage as
additional explanatory variables, as shown in:

Yie = BiXie + §&ic + v;tlj (7)

Since it is not possible to conduct Sargan-Hansen tests in a latent class framework,
we adopt an economic approach to select external instruments. Specifically, the choice of
European funds to instrument each growth driver is based on the objectives pursued by
the funds. For each type of investment, we select the funds most relevant to its financing.

Data from the "Cohesion Open Data Platform," which provides information on
Cohesion Policy 2014-2020, helps us determine the contribution of different European
funds to various economic sectors.'* The European Regional Development Fund (ERDF)
aims to strengthen economic, social, and territorial cohesion by financing investments in

13 Various tests are available to assess the failure of the relevance condition or the presence of weak
instruments, most of which are based on the F statistic for the null hypothesis that the coefficients are equal
to zero in the first stage.

14 See the figure titled "Cohesion Policy Budget by Theme" in the "Overview" tab at the following link:
https://cohesiondata.ec.europa.eu/cohesion_overview/14-20.
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network infrastructure (e.g., transport and energy), information and communication
technology, human capital, SME competitiveness, and research and innovation. The
Cohesion Fund (CF) focuses on transport and energy infrastructure and environmental
protection in less developed regions. The European Social Fund (ESF) supports
employment creation, investments in education and vocational training, and
improvements in employment quality. Therefore, ERDF and CF serve as appropriate
instruments for physical capital investment, while ERDF is also suitable for R&D. ESF
represents the most appropriate instrument for education or human capital investment.

3.3. Marginal effects and counterfactual analyses

The previous analyses are standard. We extend them to compute marginal effects
attributable to marginal changes in the institutional environment. This novel analysis
allows us to undertake several counterfactual analyses where new values for B, are
simulated once a standard deviation improvement in those variables that measure the
quality of institutions and regional authority is generated.!> We extend here the traditional
latent class analyses to compute marginal effects attributable to marginal changes in the
institutional environment. With this in mind, we simulate new values for f;; once a
standard deviation improvement in QI;; and RAI;; is generated. That is, the institutional
factors for each region take on the value of QI;; + 04, and RAl;; + Ogy, Where 0, and
ogras are respectively the standard deviations of QI;; and RAI;. Both 04, and ogy; are
approximately equal to one as both variables were originally standardized when they were
computed.

We next see how these ‘shocks’ affect the returns of investments in physical

capital, education, and innovation, ceteris paribus, with the relative goodness-of-fit of

each class explaining the economic growth of each region. That is, the new values for f5;;
are simulated as follows:

Hij[S}(CIiﬁG)]'LFit(gjrgj) 5
=1Hij[3}(Qit+0)]'LFit(§j3j) J

Bie(qic +0) = Z§=121_ (8)
J

where 0 = o, if q;x = Ql;, and 0 = ogy; if q;y = RAI;;. The impact on the returns

(elasticities) of each economic growth driver can be evaluated by visually comparing the

distributions of both B;;(q;;) and B;(qir + 0), or by testing whether both distributions

are equivalent using a Kolmogorov-Smirnov test.

To examine whether there exists a catching-up effect in the elasticities of each
economic growth driver when the institutional environment changes, we propose
estimating the following beta-convergence auxiliary regression:

ABi = ag + a1 By + it )

where ABi: = Bie(qir + 6) — Bie(qir), and B}, = B;+(q;e). The estimated a, coefficient in
equation (9) can be interpreted as a traditional beta-convergence parameter or a catching-
up effect. If a, takes negative values, this means that ‘beta-poor' regions (i.e., regions with
modest original elasticities) would exhibit a larger improvement in terms of returns of
traditional economic growth drivers than ‘beta-rich’ regions that already have larger
returns from education or investments in physical capital and innovation. If a; takes

15 Our approach is similar to that of Fuller and Sickles (2024), who centre their simulation exercise on the
error term, which is assumed to be spatially correlated across geographical units.
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positive values, we conclude that an increase in the institutional environment has
increased the difference between ‘beta-poor’ regions and ‘beta-rich’ regions.

In summary, while the Kolmogorov-Smirnov tests allow us to measure the
average effect of a change in the institutional environment, the beta-convergence
auxiliary regressions in equation (9) investigate whether there also exists a catching-up
effect in the returns (elasticities) of traditional drivers of economic development when the
institutional environment changes.

4. Data

The empirical analysis described above is conducted using a dataset of 230 EU
NUTS-2 regions over the period 2009-2017. Data on regional gross domestic product
(GDP) in constant prices is sourced from the Annual Regional Database of the European
Commission's Directorate General for Regional and Urban Policy (ARDECO). Gross
fixed capital formation (GFCF), which is used as a proxy for physical capital, population
data, human capital (measured as the percentage of the population aged 25 to 64 with
tertiary education), and gross domestic expenditure on R&D (GERD), representing
innovation, are all extracted from Eurostat.

We also use regionalised data on European funds from the Historic EU Payments
dataset, which is available through the Open Data Portal for the European Structural and
Investment Funds (ESIF). This dataset includes information on payments from various
European funds, including the ERDF, the ESF, the CF, the European Agricultural Fund
for Rural Development (EAFRD), the European Maritime and Fisheries Fund (EMFF),
the Youth Employment Initiative (YEI), and the Fund for European Aid to the Most
Deprived (FEAD).

The quality of regional institutions is assessed using the EQI index (Charron et
al., 2021), which provides institutional quality data for the years 2010, 2013, 2017, and
2021. Following the methodology of Rodriguez-Pose and Ketterer (2020), we interpolate
data for the years in between. For the period prior to 2010, we assume that the difference
between regional and national government quality remains constant. To measure regional
authority, we use the RAI developed by Hooghe et al. (2016) and Shair-Rosenfield et al.
(2020). This index captures the degree of regional autonomy and shared rule across
various dimensions, making it an appropriate measure of subnational authority.

Table 1 presents the descriptive statistics for the key variables used in the analysis.
Additionally, in the appendix (Table A.1), we provide descriptive statistics disaggregated
by less developed and more developed regions.'® Significant disparities are evident in
terms of economic growth, investment, and institutional factors. As expected, more
developed regions exhibit higher levels of economic growth and greater investment in
physical capital, R&D, and education. These regions also tend to score higher in terms of
government quality and subnational authority. On the other hand, less developed regions
face slower population growth but receive a larger proportion of European funds relative
to GDP in an effort to address these disparities. This motivates our research, as we
undertake a comprehensive analysis of how variations in institutional factors —
specifically government quality and subnational authority— contribute to increasing
regional polarisation in terms of the returns on public investments and, ultimately, the
effectiveness of European funding.

Insert Table 1

16 Table A.2 in the Appendix lists the regions classified as less developed.
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5. Results
5.1. Auxiliary regressions

This section presents the results of the auxiliary regressions used to obtain the
first-stage residuals, which are then added to equation (1) to control for the potential
endogeneity of physical capital investment, R&D, and human capital. The parameter
estimates from these first-step auxiliary regressions are shown in Table 2. As previously
mentioned, in addition to lagged GDP, population growth, and time dummies, we employ
several European funds as external instruments. Specifically, we use funds primarily
associated with each type of investment to instrument physical capital investment, R&D,
and human capital. The remaining funds are aggregated into a single variable and
included in the regression to account for any potential relationship they may have with
the type of investment being instrumented. All funds are included both individually and
in interaction with each other. It is important to note that we have lagged the European
funds by three periods, as these funds are typically spent within two or three years of
allocation, in line with the N+2 or N+3 rule.

Insert Table 2

The results from all specifications indicate that the instruments are valid. The F-
tests show that the estimated coefficients are statistically significant at any conventional
level. Furthermore, the F-statistics for the external instruments are all above 10,
confirming their validity and strength as instruments. The first-stage residuals are
subsequently used to control for the endogeneity of physical capital investment, R&D,
and human capital as drivers of economic growth. In all specifications, we can statistically
reject the hypothesis that the estimated coefficients of the first-stage residuals are equal
to zero. This means, as expected, we reject the null hypothesis that these three economic
growth drivers are exogenous. As previously noted, the standard Sargan-Hansen statistics
cannot be computed in a latent class model (LCM) setting. Although applying these tests
in a one-class economic growth model is debatable in this context, given the heterogeneity
of coefficients for the growth drivers, a Sargan test based on a one-class specification did
not lead to the rejection of the European funds' validity as external instruments.

The first set of coefficients in Table 2 shows that, while investment in physical
capital increases significantly with the initial level of GDP, it is negatively affected by
the cohesion funds.!” In the second set of coefficients, the ERDF and other European
funds are found to play a key role in promoting R&D. Finally, the third set of coefficients
reveals that the ESF positively influences human capital investment. Notably, the results
also highlight the importance of other European funds in supporting investment in both
R&D and human capital. Overall, these findings suggest a positive indirect effect of the
ERDF, ESF, and other European funds on economic growth, driven by improvements in

17 This counterintuitive finding merits closer examination. The limited absorption capacity documented in
many European regions (see Medve-Balint, 2018; Marques-Santos et al., 2025) suggests that institutional
weaknesses prevent regions from effectively deploying allocated funds. Research has demonstrated that
weak governance structures create bottlenecks in project implementation, procurement processes, and
monitoring systems. Additionally, the literature identifies crowding-out effects whereby cohesion policy
displaces rather than supplements domestic public investment (see Mohl, 2016; Gonzalez-Alegre, 2012).
When regions receive EU funds, national governments may reduce their own capital spending, leaving total
investment unchanged or even reduced. These mechanisms help explain why cohesion funds show negative
coefficients in the physical capital auxiliary regression whilst still supporting R&D and education
investments, where absorption capacity constraints and crowding-out effects appear less binding. The
finding underscores the importance of institutional quality not merely for maximising returns on investment
but for ensuring that allocated funds translate into actual capital formation.
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R&D and educational levels. However, the negative signs on the interaction terms
between ERDF, ESF, and other funds suggest the presence of competition between these
instruments.

Note that our analysis in Table 2 assumes that different categories of European
funds may exert differential effects on each of the auxiliary regressions. For this reason,
we have separately included the funds primarily associated with each type of investment
in Table 2. This has forced us to use different definitions of "other funds", as well as
different combinations of funds. Obviously, both for symmetry and to facilitate the
interpretation of the results, an alternative way of performing the estimates is to use a
common categorisation of European funds in all the auxiliary equations. The alternative
estimations reveal that the negative effect of cohesion funds on physical capital
investment stems from interactions with ERDF and ESF funds.'® For the R&D and
Education auxiliary regressions, the estimated effects of the European funds with
significant coefficients are positive, in line with the results in Table 2. Additionally, the
other coefficients of the equations prove robust to this specification issue.!”

To conclude this subsection, it should be highlighted that we have also estimated
an auxiliary regression for Government Quality.?° In addition to lagged GDP, population
growth, and time dummies, we use the precipitation variability during the growing season
—spring and summer— in the pre-industrialisation period (1500-1750) to instrument
regional government quality.?! The logic behind the instrument, as stated by Rodriguez-
Pose and Ganau (2022), is that higher levels of precipitation variability —a proxy for
weather risk— led to the development of efficient local institutions when subsistence was

18 The results are available in the Table S.1. in the Supplementary Materials. The alternative estimations
reveal that the negative effect of cohesion funds on physical capital investment stems from interactions
with ERDF and ESF funds. This suggests that when multiple fund types are deployed simultaneously,
coordination challenges and overlapping objectives may further constrain physical capital formation. The
interaction terms capture these substitution effects amongst different fund categories, reinforcing the
absorption capacity interpretation.

1 We have also estimated the auxiliary regressions in Table 2 using an aggregated variable that combines
all European funds. These results are available in Table S.2 in the Supplementary Materials. We confirm
that aggregate European funds have the same sign and statistical significance as the specific categories of
funds used in each auxiliary regression —negative for physical capital investment, and positive for R&D
and Education— thus reinforcing the robustness of our findings. Complete results from all alternative fund
categorisations are available, ensuring full transparency whilst avoiding cluttering the main text with
multiple specification checks.

20 These results appear in Table A.3 in the Appendix rather than in Table 2 in the main text because the
residuals from this equation are not used to estimate our LCEG model. Government Quality affects
economic growth only through the prior probabilities of class-membership in our model, not through a
direct channel requiring instrumentation in the growth equation itself. Nevertheless, we present this
auxiliary regression to demonstrate that we have carefully considered potential endogeneity of the
institutional quality measure and to provide readers with a fuller picture of our empirical strategy.

2l More concretely, using precipitation data from Pauling et al. (2006), we construct a time-varying
instrument using 25-year intervals of precipitation from 1500 to 1700 to instrument regional quality of
government between 2009 and 2017. The instrument exploits the insight that pre-industrial weather
variability shaped institutional development when agricultural subsistence made weather risk management
crucial. Regions facing greater precipitation variability during growing seasons developed more
sophisticated collective action mechanisms and governance structures to coordinate risk-sharing and
resource management. These deeply embedded institutional patterns persist across centuries, making
historical precipitation variability a valid instrument for contemporary government quality. The exclusion
restriction holds because pre-industrial weather patterns affect modern economic growth only through their
historical impact on institutional development, not through any direct channel.
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based on agriculture. In line with this argument, we find a significant coefficient for
spring precipitation variability in this auxiliary regression, as shown in Table A.3 in the
Appendix.

5.2. Basic economic growth models

In this subsection, we examine the role of institutions on economic development
following the standard specification in previous studies on institutions and regional
development (e.g., Crescenzi et al., 2016; Rodriguez-Pose and Ganau, 2022). Table 3
shows the estimated coefficients. Column (I) presents the basic economic growth model
based on equation (1). At this stage, institutional variables —QI;; and RAI;;— are not
included. Columns (II) and (III) show the augmented models, which include QI;; and
RAI;;, respectively, and their interactions with the growth drivers. Finally, in column (IV),
we include both institutional factors (QI and RAI) simultaneously, alongside their
interactions with the other economic growth drivers.?? These interactions allow us to
evaluate how institutions influence the returns on these drivers. All models are estimated
using a fixed-effects estimator to control for unobserved region-specific effects, which
may be correlated with traditional growth drivers. We also account for potential
endogeneity of [ns¥, InskP and Insf! by including residuals from auxiliary regressions
(not shown), whose coefficients are statistically significant. This confirms that the null
hypothesis of exogeneity can be rejected.

Insert Table 3

The estimated coefficients in Table 3 indicate that the traditional growth drivers
—education, investment in physical capital, and R&D— are statistically significant and
positively contribute to regional development across all models. The negative coefficients
for lagged GDP per capita and population growth suggest a process of convergence, with
less developed regions catching up in terms of income per capita. Columns (II) and (IV)
suggest that regional government quality (QI) represents an indirect factor shaping
economic growth. Higher government quality enhances the returns on local innovation
efforts (as seen in the positive elasticity of Insf”) and regional convergence, as shown
by the negative and significant coefficient of the interaction Iny;,_,QI;;. The coefficient
of the interaction Ins/! QI is negative and statistically significant. Although unexpected,
this negative coefficient suggests that increases in government quality diminish the
positive impact of human capital. Equivalently, lower educational levels imply larger
effects of government quality on economic growth. This suggests that in regions with
lower educational attainment, the positive effects of improved government quality on
growth are stronger. In other words, high-quality institutions prove crucial for growth in
regions with lower human capital levels.

Regarding regional authority (RAI), columns (III) and (IV) show that greater
regional autonomy is not necessarily associated with higher growth rates. However,
regions with higher autonomy tend to converge more quickly. Additionally, regional
authority enhances the impact of physical capital investment but its interaction with
human capital is negative, implying that education proves less significant for growth in
more decentralised regions.?

22 All the explanatory variables have been mean-centred, allowing the first-order coefficients to be
interpreted as elasticities evaluated at the sample mean.

2 We have also estimated our baseline economic growth models in Table 3 but adding the residuals from
the auxiliary regression for Government Quality. The results of this robustness analysis are shown in Table
A.4 of the Appendix. We obtain roughly the same results as in Table 3, except for the larger (positive)
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These findings are consistent with earlier studies, which also highlight the indirect
effects of government quality and regional authority on regional development. These
institutional factors shape the returns on investment in physical capital, human capital,
and innovation, influencing the convergence process.?* However, a limitation of linear
models is the assumption that the returns on traditional growth drivers are the same across
all European regions. Significant regional differences in institutional quality and
autonomy suggest that these returns may vary. To address this issue, we embed the basic
economic growth model into a latent class framework, allowing for heterogeneity in
parameters based on variations in institutional quality and regional authority. In the
following sections, we present the results of the Latent Class Economic Growth (LCEG)
model.

5.3. Latent Class Economic Growth model
5.3.1. Number of regimes and class-membership

The first step in an LCM is determining the optimal number of classes or regimes.
We assess the number of growth regimes using statistical criteria such as the Akaike
Information Criterion (AIC) and Bayesian Information Criterion (BIC), which penalise
overfitting. The preferred model is the one with the lowest AIC or BIC values or the most
parsimonious model if no substantial changes in these values occur. Based on these model
selection statistics (see Figure 3), we find that a three-regime specification for the
economic growth equation proves optimal.

Insert Figure 3

Accordingly, we estimate our Latent Class Economic Growth (LCEG) model with
three classes. Table 4 presents the estimated parameters for both a simple one-class
economic growth model and the coefficients of the three regimes from our LCEG model.
In addition to estimating the economic growth coefficients, our LCEG model also
estimates the prior class-membership probabilities. These probabilities depend on factors
such as government quality (Q/;;), the regional authority index (RAI;;), a dummy variable
identifying less developed regions (less developed;), and the interaction term QI;;
less developed;”> The estimated coefficients of the prior class-membership

direct effect of quality of institutions on regions' economic growth when we instrument for potential
endogeneity. This confirms the robustness of our core findings whilst suggesting that failure to address
institutional endogeneity may understate the direct growth effects of government quality. Nevertheless, our
primary interest lies in how institutions shape returns to investment rather than their direct growth effects,
and these interaction effects prove stable across specifications.

24In Table 3, the variables have been centred to the global mean to interpret the first-order direct coefficient
(often referred to as the direct effect) as a marginal effect evaluated at the sample mean. Unlike previous
studies, the direct effect of institutional quality is not significant in our estimations. However, when using
the standard approach based on fixed effects panel data estimation without this transformation, the direct
effect of institutional quality becomes positive and significant, consistent with most of the scholarly
literature. This discrepancy reflects our focus on heterogeneous effects rather than average direct effects.

25 The interaction RAl;, - less developed; is not included in the model specification. During maximum
likelihood estimation, we encountered persistent convergence problems when attempting to include this
interaction term. The optimisation algorithm failed to converge to a stable solution, likely due to collinearity
between the RAI and the Less Developed dummy combined with the relatively small number of less
developed regions possessing high RAI values. This created an identification problem wherein the
algorithm could not reliably separate the effects of the interaction from the main effects. Rather than forcing
a problematic specification that might yield unreliable estimates, we follow standard econometric practice
and exclude the interaction term. This exclusion does not materially affect our core findings regarding how
institutional quality shapes region-specific returns to investment.
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probabilities are also presented in Table 4, as these parameters are estimated
simultaneously with the economic growth model coefficients. To complement this, we
include two additional tables in the Appendix. Table A.5 shows the most probable class
predictions for more and less developed regions, while Table A.6 outlines the main
characteristics of the regions allocated to each class.

Four important points should be noted here:

1. Class Membership Probabilities: The prior probabilities represent only one component
of the posterior class-membership probabilities, which are ultimately used to cluster
observations. Therefore, the coefficients in Table 4 indicate the likelihood of regions
tending to belong to each class, but the final classification is primarily determined by how
well the class-specific parameters predict the dependent variable for each observation.
Thus, the final classification may not perfectly align with the prior class-membership
coefficients.

2. Interpretation of Classes: Although the estimated class-membership probabilities
could technically be used to classify regions, the primary purpose of the latent classes in
this context is as an econometric tool to derive region-specific coefficients. Much like
how an artist mixes basic colours to create a painting, the latent classes help in
understanding the variation in economic drivers across regions, but the focus rests on the
resulting picture (i.e., region-specific growth estimates), not the basic classes themselves.

3. Heterogeneous Responses to Economic Growth Drivers: Allocating regions to specific
classes reveals that they experience different economic developments and respond
differently to growth drivers. Latent class models aim to capture the effect of unobserved
characteristics that modulate the impact of observed economic growth drivers on regional
development. These unobserved factors help explain the heterogeneity in growth across
regions.?®

4. Endogeneity Issues: We again account for potential endogeneity of InsK, InsRP and
Ins{! by including their first-stage residuals as control variables. We do not instrument
Government Quality as this variable influences economic growth through its effect on the
prior class-membership probabilities of our LCEG model, and there is currently no
established methodology to handle endogenous class-membership determinants.?’

26 A necessary condition for identifying the parameters of the latent class probabilities is that the sample
must be generated from different groups of observations, so there must exist some economic growth
heterogeneity. Whilst we could attempt to link part of this parameter heterogeneity to certain explanatory
variables by modelling the prior probabilities of the LCM, as mentioned earlier, much of this heterogeneity
is driven by unobserved regional characteristics that make one class predict an observation more accurately
than another.

27 Choi and Okui (2024) note that applying IV-type estimators in such models proves nontrivial due to the
unobserved nature of class membership. As in our application, they propose a two-stage least squares
approach to handle endogeneity in models with group-specific coefficients. Sarrias (2021), on the other
hand, adapts Heckman-style models for use in latent class probit models, estimating them via maximum
likelihood estimation. However, neither approach addresses endogeneity in the equation modelling prior
class membership probabilities. Sarrias (2021), for instance, assumes that a latent continuous variable (F*)
determines class assignment as a linear function of determinants (z) plus an error term (e), which is assumed
to be i.i.d. extreme Value Type I and uncorrelated with (z). Whilst this issue does not directly affect class-
specific coefficients, it can bias estimates if it distorts sample separation. Unlike traditional selection
models, we lack information on true class assignments. As Greene (2010) notes with regard to stochastic
frontier models, the standard two-step correction method relies on linearity, a condition not met by our
highly nonlinear latent class model. The likelihood function in a latent class framework represents a
weighted sum of class-specific likelihoods, where the weights themselves (the prior probabilities) are
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Let us now summarise the results from Table 4 and the supplementary tables that
relate to class-membership. In Table 4, the reference category for the class equation is the
first class. Thus, a positive coefficient indicates a higher likelihood of belonging to the
second or third class compared with the first. The significant positive coefficients for
government quality suggest that regions with higher institutional quality are more likely
to be in the second and third classes, whilst regions with lower institutional quality are
more likely to fall into the first class. However, some exceptions do exist. The lack of
significance for the RAI index in the second and third columns suggests that regions with
a high degree of autonomy are more likely to be found in the first class, indicating that
regional autonomy may not be strongly correlated with higher economic growth.

Insert Table 4

Table A.5 in the Appendix shows how regions are distributed across the three
classes. We find that the third class predominantly includes more developed regions, but
anotable number of more developed regions are also allocated to the first class. Similarly,
lagging-behind regions are mostly found in the first class, though some more developed
regions also belong to this class. This distribution is driven by two forces: the goodness-
of-fit of the class-specific parameters in predicting regional economic growth and the
prior class-membership probabilities shown in Table 4.

These results highlight an important insight: the growth drivers and institutional
characteristics that influence regional development are not uniform across Europe.
Regions with lower government quality tend to belong to the first class, where
institutional weaknesses may limit the returns on traditional growth drivers such as
physical capital and education. Conversely, regions with higher government quality, more
frequently allocated to the second and third classes, experience better returns on
innovation and physical capital investment, which suggests that strong institutions play a
key role in enhancing regional economic performance.

In summary, the LCEG model reveals that institutional quality significantly
shapes regional economic outcomes by influencing how effectively growth drivers are
leveraged. The latent class approach allows us to uncover the heterogeneous effects of
institutional factors across regions, providing a deeper understanding of how different
regions experience growth under varying institutional and economic conditions.

Table A.6 in the Appendix complements these findings. It shows that regions in
Classes 2 and 3 exhibit higher levels of income per capita, better institutions, and higher
values for physical capital investment, R&D, and human capital. However, regions in
Class 2 experience negative average growth in real GDP per capita and regions in Class
3 demonstrate positive economic growth. Class 1, which includes most lagging regions,

functions of potentially endogenous determinants. Instrumenting these determinants would require
modelling the joint distribution of the instrumented variables and the error terms across all classes
simultaneously. This is a problem for which no established solution exists. Since no method currently exists
for addressing endogenous class-membership determinants in this framework and given that government
quality affects growth primarily through shaping the returns to investment rather than through direct
channels, we leave this methodological extension for future research. Our approach of instrumenting the
growth drivers themselves (physical capital, R&D, education) whilst treating the class-membership
determinants as given represents the current frontier of feasible estimation in this setting.
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receives more European funds relative to GDP and exhibits higher growth rates than
regions in other classes.?®

Figure 4 shows the geographical distribution of European regions across the three
classes.?’ Regions in Class 1 are primarily located in Southern and Eastern Europe, while
Class 3 includes regions from Central and Northern Europe. Class 2, the smallest class,
mainly consists of regions in Finland. By examining Table A.5 and Figure 4 together, we
can conclude that central and northern European regions in Classes 2 and 3 are more
developed and possess stronger institutional quality. Lagging regions are, in contrast,
predominantly in Class 1, though some developed regions are also present in this class.

Insert Figure 4

Regions are not restricted to remaining in the same class over time. Our LCM
allows for some regions to switch from one class to another, as our likelihood function
treats the cross-sectional and temporal dimensions symmetrically. Despite this flexibility,
we find class allocations to be relatively stable, with only 21% of regions switching
classes over time. Figure A.2 in the Appendix confirms this, showing that the distribution
of class changes is heavily skewed towards zero, indicating that most regions remained
in the same class throughout the study period.*°

5.3.2. Heterogeneous-coefficient economic growth model

After determining the number of classes and identifying their characteristics, we
summarise the returns of the traditional economic growth drivers for the three growth
regimes in Table 4. The first column presents the parameter estimates from a one-class
model that assumes common coefficients for all European regions, which corresponds to
the model shown in the first column of Table 3. The next three columns present the class-
specific returns of our LCEG model.

Across all classes, physical capital investment shows a consistently positive and
significant impact on economic growth, particularly in Classes 2 and 3. Investments in
R&D, though positive and significant in the overall model, are not significant in most
latent classes. Moreover, the R&D coefficient in the one-class specification is statistically
significant but relatively small, suggesting that although innovation contributes to growth,
its economic relevance proves lower than other drivers. Educational levels positively
impact growth in Classes 1 and 3, highlighting that human capital plays a more significant
role in these regions. These results confirm that no uniform or representative effect of
growth determinants exists across European regions. Instead, the LCEG model reveals
distinct regional regimes, partially driven by variations in institutional conditions. As
observed in Bos et al. (2010), the rate of convergence also differs across these regimes.

The key feature of the latent class model is its ability to produce heterogeneous
parameters for traditional economic growth drivers across regions. Using Greene's (2005)

28 The apparently strong economic growth performance of these regions can also be partially attributed to
a decline in population, which mechanically increases per capita measures even absent substantial
improvements in aggregate economic activity.

2% We use the average posterior probabilities of each region to depict this map, smoothing over temporal
variation to show the predominant class assignment for each region over the study period.

30 As this result indicates that regions struggle to move beyond their initial economic conditions, our future
research agenda includes developing a latent class model that accounts for regime persistence to identify
the existence of poverty or development traps in Europe. Understanding what factors enable or prevent
transitions between development regimes represents a crucial question for cohesion policy.
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approach, we estimate region-specific parameters by combining the posterior class
membership probabilities with the estimated class-specific parameters, as outlined in
equation (5). Figure 5 illustrates the level and dispersion of these parameters —
specifically, the speed of convergence and the impact of various growth determinants—
across more and less developed regions. The results point to substantial variation in the
parameters, particularly in more developed regions. This supports the conclusion that no
'average' effect of growth determinants exists, even within regions of the same country.
More developed regions display a steeper convergence process and experience stronger
effects from physical capital investment and R&D. In contrast, the effect of education
proves more pronounced in less developed regions. Additionally, the negative impact of
population growth on economic development is more substantial in more developed
regions. The intercept, representing average economic growth, has a modest effect overall
but is slightly higher in more developed regions.

Insert Figure 5

Figure 6 maps the region-specific convergence parameters, estimated using the
latent class specification. The map reveals significant heterogeneity in regional
convergence patterns. Central and Northern European regions, as well as some northern
regions in Southern Europe, converge at a stronger pace. In contrast, regions in Eastern
Europe, particularly less developed ones, show slower convergence rates. In a standard
latent class framework, regions converge to their respective steady states, which are class-
specific. However, as the primary purpose of the latent classes in our application is to
derive region-specific coefficients, regions converge to their respective steady states at
region-specific rates. In this sense, it should be noted that the steady state function of each
region not only possesses different intercepts as we are using a specification with
individual effects, but also different slopes because, after performing a within
transformation to control for unobserved individual effects, the respective steady states
are region-specific weighted averages of three different class-specific steady states in line
with Bos et al. (2010). This yields results that differ from the corresponding results
obtained from a single class economic growth model. Therefore, our results indicate that
persistent differences in regions' steady state functions represent a significant factor
underlying cross-region economic growth. That is, if there had been no such differences
in both intercepts and slopes, and regions only differed in terms of economic growth
drivers, convergence would have proceeded at faster or slower rates.

Insert Figure 6

In many countries, most regions belong to the same class, particularly in Eastern
Europe, where regions generally share similar rates of growth in income per capita. Since
the probability of belonging to a particular class is often high, the convergence process is
largely determined by the characteristics of that class.’! In contrast, while regions in
Central and Northern Europe may experience slower growth overall, their less-developed
regions are converging rapidly with wealthier ones. Interestingly, Class 3, which consists
mainly of developed regions, has an average income per capita growth rate of 0.90%,
while Class 1, which includes most lagging regions, shows a slightly higher growth rate
of 1%. This indicates a slow convergence process between lagging and developed regions
(Rodriguez-Pose and Ketterer, 2020). Our results suggest that income per capita

31 We use the term "mainly" because the regions assigned to a particular class often possess non-zero
probabilities of belonging to other classes. This also explains why we do not observe significant
heterogeneity in convergence rates within most countries, with the exception of Spain and Italy, both of
which exhibit notable internal disparities.
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convergence has been more pronounced within developed regions (Class 3) than within
lagging regions (Class 1).

Figures 7, 8, and 9 map the distribution of the coefficients for physical capital
investment, R&D, and human capital across regions. The highest returns on investment
in physical capital and R&D are observed in Northern and Central Europe. However,
some less-developed regions in Eastern Europe —notably in Romania, Czechia, and
Hungary— also show relatively high returns on physical capital investment, as do some
regions in innovation. This suggests that governments in these regions, along with the
EU, should prioritise public investment in physical capital and innovation. In contrast, in
Southern and South-eastern Europe, poor government quality significantly hinders the
returns on investments in physical capital and innovation (Rodriguez-Pose and Di
Cataldo, 2015). When it comes to education, Figure 9 shows substantial regional
differences, with education playing a particularly crucial role in less-developed regions
and in some northern countries. This suggests that investing in human capital yields
higher returns in less-developed regions with weaker government institutions and, except
for Spain, lower regional autonomy. These findings are consistent with previous research
showing heterogeneous effects of human capital and institutions across different
European regions (e.g., Cutrini, 2023; Annoni et al., 2019).

Insert Figure 7
Insert Figure 8
Insert Figure 9

The key policy recommendations based on these findings are: (a) public spending
should prioritise investment in regions with higher economic returns; and (b)
policymakers should focus on improving institutional quality, as local institutional
ecosystems significantly influence the effectiveness of European and public investment
at the local level.

In the following subsection, we explore how improving regional institutions can
enhance the returns on investments in European regions.

5.4. How important are institutions for economic growth in European regions?

Our previous analysis shows that the economic returns of physical and human
capital, as well as local innovation capacity, are influenced by the quality of government
in each region (Rodriguez-Pose and Ganau, 2022). This implies that the parameters
shown in Figure 5 can change if the institutional quality or regional authority is modified.
This provides an opportunity to calculate the marginal effects on the returns of education,
physical capital investment, and innovation when institutional environments improve.

5.4.1. Marginal effects attributed to improvement in quality of institutions.

In this subsection, we conduct a counterfactual analysis to examine the impact of
changes in government quality (QI;;). Specifically, we simulate the effects of increasing
institutional quality by one standard deviation for all regions on the returns of education,
physical capital investment, and innovation. We also analyse the effects on the speed of
convergence and other growth-related parameters. Figures 10 and 11 display the
distributions of both estimated and simulated coefficients for more and less developed
regions, respectively.

Figure 10 shows that a one-standard-deviation improvement in government
quality in more developed regions leads to a significant increase in the elasticities of
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physical capital and R&D investment in most regions. These regions also experience
faster convergence. However, the elasticities of education investment tend to remain low,
even at higher levels of government quality, aligning with previous findings from a linear
model that interacted QI;; with traditional growth drivers. Additionally, population
growth has a more pronounced negative effect, while the intercept, representing average
economic growth, exhibits a positive effect.

Insert Figure 10

Figure 11 shows the effects of improved government quality on the elasticities in
less developed regions. The effects are generally smaller compared with more developed
regions. But improvements in institutional quality still lead to better outcomes in terms
of convergence, investment, and R&D expenditure. A significant positive effect on the
constant term indicates an increase in average economic growth for less developed
regions.

Insert Figure 11

We also perform a counterfactual analysis (not shown) to assess the impact of
changes in the RAI;;.>? Specifically, we simulate the effect of increasing the RAI;; index
by one standard deviation for both more and less developed regions, following a similar
procedure as for government quality. The absence of significant changes in these
simulations, coupled with insignificant Kolmogorov-Smirnov tests, suggests that the
elasticities of economic growth drivers in both groups of regions are less responsive to
changes in RAI;, compared to changes in QI;,.*

Tables A.7 and A.8 in the Appendix further investigate both average and catching-
up effects in the elasticities of traditional economic growth drivers after improving quality
of government in both more and less developed regions. Kolmogorov-Smirnov tests
indicate that for more developed regions, the changes in elasticities for all drivers except
the constant term are statistically significant, confirming the importance of the shifts
observed in the kernel density curves in Figure 10. Conversely, for less developed
regions, shifts in all kernel curves are statistically significant.

In addition, Table A.8 presents beta-convergence tests, based on equation (9). For
more developed regions, these tests show a greater concentration in the parameters related
to investment, innovation, human capital, population growth, and the speed of
convergence, while heterogeneity in the parameters for the constant term has slightly
increased. This suggests that even more developed regions could benefit from a process
of territorial cohesion if government quality improves. In contrast, the beta-convergence
tests for less developed regions reveal greater dispersion in parameters related to speed
of convergence, investment, innovation, and the constant term. However, improvements
in education and population growth contribute to reducing regional heterogeneity in these
regions.

In summary, our results suggest that improving government quality can help
reduce the heterogeneity of investment, innovation, and human capital parameters,

32 The detailed results of these analyses are available upon request from the authors.

33 This result is likely caused by the limited variation in the RAI index at the regional level within European
countries as well as the little temporal variation of this index. Since the model is estimated after performing
a within transformation to control for unobserved individual effects, much of the already-limited variation
in regional authority is eliminated, leaving insufficient identifying variation to detect strong effects on
investment returns.
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especially in more developed regions. Weak institutional quality not only hinders
economic growth but also affects territorial cohesion, particularly within more developed
regions during the period under analysis.

5.4.2. Combined marginal effects.

In this subsection, we focus on changes in both types of institutional factors (Q/;;
and RAI;;) in less developed regions. We increase the values of QI;; and RAI;; in all less
developed regions by the average difference between more and less developed regions.
The results of this counterfactual analysis are presented in Figure 12, while Tables A.7
and A.8 in the Appendix provide tests of average and catching-up effects in elasticities
between the original and counterfactual coefficients.

Insert Figure 12

Our findings indicate that most less developed regions could significantly enhance
their economic growth by increasing investments in physical capital and R&D
expenditure, leading to faster convergence. However, the role of education in these
regions deteriorates, and the negative effect of population growth intensifies. The beta-
convergence test in Table A.8 suggests that changes in QI;; and RAI;, exacerbate the
differences in economic growth rates, given the positive and statistically significant
coefficient found for popu