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Abstract. Core infrastructure, which covers transportation, information and communication (ICT),
energy, water and sanitation systems, plays a significant role in economic growth. The develop-
ment of core infrastructure — one of the European Union (EU) Cohesion Policy (CP) priorities - is
heavily funded. However, it remains unclear whether these investments achieve the main aim, i.e.
contribute to economic growth and convergence between EU countries and especially regions. A
theoretical model addressing the identified issues is needed to assess the impact of infrastructure
on economic growth and convergence comprehensively and as accurately as possible. To reach this
aim, first, we have disclosed the definition of infrastructure and its structure. Also, we discussed
different approaches to the relationship between infrastructure and economic growth. We developed
a theoretical model for evaluating infrastructure impact on economic growth and convergence.
Moreover, based on the neoclassical approach, we specified an econometric model that includes
indicators of different types of infrastructure and assessed growth and convergence outcomes of
infrastructure development. Even though we find that infrastructure positively affects growth and
convergence, the estimated impact is not statistically significant except for some types of ICT and
transport infrastructure.

Keywords: infrastructure, transport infrastructure, energy infrastructure, telecommunication in-
frastructure, water and sanitation infrastructure, economic growth, convergence.

JEL Classification: O11, O18, R11, R40.

Introduction

One of the areas in which all countries focus to achieve social and economic prosperity is
the development of core infrastructure that covers transport, ICT, energy and water, and
sanitation systems. Moreover, the development of core infrastructure is one of the EU’s CP
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priorities. The development of core infrastructure in the least developed regions is expected
to stimulate economic growth and reduce regional disparities. Infrastructure is heavily fund-
ed in the EU countries. Most infrastructure investments come from the EU funds and part
from the state budgets. During the 2014-2020 period, over 14 billion euros were allocated
to develop the ICT infrastructure in the EU countries from EU funds and 6 billion euros
from national budgets. As much as 57 billion euros has been allocated from the EU budget
to develop transport and energy infrastructure. Countries have provided an additional 12
billion euros from national budgets for this purpose.

The impact of infrastructure is receiving increasing attention in scientific literature. How-
ever, the effects of infrastructure investments remain controversial. For example, Canning
and Pedroni (2004) investigate the impact of transport, energy and ICT infrastructure on
economic growth using data of 67 countries for 1950-1992 and conclude that infrastructure
positively influences economic growth in the vast majority of cases. European Commission
(2014) assessed patterns of investments to transport and energy infrastructure in EU-28 for
1950-2012 and found a positive relationship between infrastructure development and eco-
nomic growth. Toader et al. (2018) revealed positive effects of ICT on economic growth in
EU-28 countries over 2000-2017. However, Apurv and Uzma (2020) evaluated the impact
of transport, ICT, energy and water infrastructure on economic growth for 1980-2017 and
found an insignificant relationship between infrastructure variables and per capita GDP in
some BRIC countries. Moreover, the authors found evidence that telecommunication and
transport infrastructure negatively affect economic growth in some countries. According to
Ansar’s et al. (2016) findings, “The question of whether infrastructure investment leads to
economic growth must be answered in the negative”

Comparison of empirical results is difficult as the sampled countries and periods in the
studies, and the applied methods differ.

Moreover, research usually assesses the impact of only one type of infrastructure on the
economic growth in one or a few countries, ignoring the implications for convergence and
not considering that the effect may occur with a lag. Another limitation identified in some
previous studies is that the impact of infrastructure development is assessed without con-
sidering the effect of other factors. As Meersman and Nazemzadeh (2017) mention, it is dif-
ficult to determine the effect of infrastructure development on growth without considering
investment demand for education, health care, social goals, and their impact on growth. A
theoretical model addressing the identified issues is needed to comprehensively assess the
impact of infrastructure on economic growth and convergence.

Considering the abovementioned, we aim to provide theoretical assumptions and de-
velop a model to assess the impact of infrastructure on economic growth and convergence
and empirically examine it. It is useful to disclose the infrastructure concept and identify its
main types because the infrastructure term is multidimensional, vague, and different aspects
are attributed to infrastructure in the scientific literature. This paper systematically analyses
different approaches, features, and components if infrastructure and provides a generalized
definition. In the next section, based on previous studies, we identify and discuss channels
through which infrastructure can affect economic growth and convergence and develop a
theoretical model of those chennels. Another section is devoted to analyzing previous studies
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to identify the applied methods, the indicators reflecting the infrastructure, the response
and control variables. This analysis allows us to identify and summarise the essential aspects
that need to be integrated into the specification of our model. The fourth section presents
research models and data. The fifth section provides research results and discussion. The last
section concludes the paper.

1. Definition of infrastructure: a comprehensive overview

Infrastructure — widely used term, but it has a variety of interpretations. Analysis of pre-
vious studies reveals that the description of infrastructure depends on the context of the
field of science, application, the direction of possible effects. Stupak (2018) also mentioned
that infrastructure could be described in several ways depending on the policy discussion.
According to Fourie (2006), this term was first used to define war logistics. Nurkse (1952)
defines infrastructure as large installations that are a basis for production capacity. He also
notes other infrastructure features such as high costs and immobility. Hirschman (1958)
identifies infrastructure as social overhead capital that provides public services and assigns
transportation, health, education, communication, water and power, agricultural systems. He
also highlighted that power and transportation are the main elements of the concept. Ac-
cording to Diamond and Spence (1989), infrastructure is “the collective and integrative basis
for economic activity”. These early definitions of infrastructure revealed certain features that
deepen the concept of infrastructure. Rietveld and Bruinsma (1998) mentioned additional
features of infrastructure: collective nature (publicness), indivisibility, non-substitutability,
polyvalence, capitalnes, integrative role and support of economic activeness.

Noam (1994) distinguishes two essential aspects in defining the infrastructure term: i) it
is a service used in most economic activities, ii) it generates positive externalities. The author
attributes energy, transportation, education, communications, and protection to infrastruc-
ture. Torrisi (2009) defines infrastructure as government-provided input that promotes the
production processes and has public goods characteristics in the sense of economic. Accord-
ing to this approach, infrastructure impacts outputs at the micro, mezzo, or national levels.
The author additionally states that based on another approach, infrastructure could be con-
sidered as a cost-saving factor. It means that infrastructure indirectly affects the production
process by increasing the efficiency of other production factors.

Frischmann (2012) also mentioned the publicness of infrastructure but additionally dis-
tinguished the physicality. He uses the term of traditional infrastructure and represents it as
the system that is the basis for all other systems. According to the author, traditional infra-
structure involves transportation system (railway, highway, road, ports, airline), communica-
tion systems (postal services and telephone networks), governance systems (court system),
fundamental public facilities and services (schools, water systems, and sewers) and it is not
an exhaustive list. The author points out that the publicness of infrastructure resources does
not necessarily mean free access. It means that all entities can use infrastructure resources
on non-discriminatory and equal terms.

According to Zhang and Jerome (2011), infrastructure can be distinguished into catego-
ries: “hard” infrastructure and “soft” infrastructure. The “hard” infrastructure is equated with
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physical capital or systems: transport (roads, railways, ports); energy (gas and pipelines,
generations of electricity, electrical grids); telecommunications (internet, telephone);
basic utilities (health and education, water supply, irrigations). This physical infrastruc-
ture supports the economy and society. According to Corporate Finance Institute [CFI]
(2021), hard infrastructure is essential to running an industrialized, modern economy.
The “soft” infrastructure comprises non-tangible infrastructure: institutional systems,
policy and regulatory, governance mechanisms, social networks security, and other in-
stitutions that are essential to the well-being of an economy. This infrastructure supports
the operation and development of physical infrastructure.

Fourie (2006) identifies these infrastructure categories as economic and social in-
frastructure. He describes economic infrastructure as infrastructure that stimulates
economic activity. The economic infrastructure consists of telecommunications, trans-
port infrastructure (roads, railroads, seaports, airports), electricity, water supply, and
sanitation (Fourie, 2006; Arif et al., 2020). Fourie (2006) describes social infrastructure
as infrastructure that contributes to society’s education, health, and culture. Social in-
frastructure covers schools, universities, libraries, hospitals, clinics, theatres, museums,
parks, playgrounds, and other institutions.

Palei (2015) notes that economists distinguish infrastructure capital and physical
infrastructure. According to the author, the main elements of physical infrastructure are
transport, water, telecommunication, and energy infrastructure.

Analysis of infrastructure definitions revealed that this term is multidimensional and
covers three main elements: infrastructure features, elements, and outcomes for soci-
ety. Researchers distinguish different characteristics and provide different infrastructure
structures (components) but in unison state that infrastructure is a crucial factor for
society’s well-being. However, not all types of infrastructure play the same role in society.

One more concept related to infrastructure is the concept of critical (otherwise
known as core) infrastructure. According to the National Research Council (2009), criti-
cal infrastructure is the basis for producing and delivering goods and services that are
key to economic competitiveness, emergency response and recovery, and quality of life.
National Research Council (2009) refers that critical infrastructure is transportation,
power, water, and telecommunications systems. Stupak (2018) revealed that investments
in core infrastructures (roads, railways, airports, and utilities) produce larger economic
output than other types of infrastructure, such as schools, hospitals, etc. Given this in-
sight, our paper aims to provide a theoretical model for assessing the effects of physical
core infrastructure that covers transport, telecommunication, water, and energy systems.

Results of analysis of different approaches to infrastructure allow us to state that in-
frastructure is facilities and systems that are the basis for society’s prosperity, provided
by governments for public use, that can be distinguished to soft and hard - the latter
consists of social and economic infrastructure. Economic infrastructure is essential for
the economy and society and is treated as core infrastructure.
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2. Relationship between infrastructure development, economic growth and
convergence

The relationship between infrastructure and economic growth has been widely discussed in
scientific literature utilizing different approaches. Based on previous studies, Torrisi (2009)
distinguished four approaches explaining the mechanism of infrastructure that contributes
to economic growth: production function approach, cost-function approach, growth-model
approach, and causal relationship approach. Based on those approaches, we can identify
channels through which infrastructure can boost economic growth. Kumo (2012) identified
five effect transmission channels. First of all, based on the production function approach,
infrastructure is one of the production factors that directly contribute to the production
process and its outcomes. Secondly, infrastructure complements other production factors,
and its improvement can reduce the cost of production. For example, road improvement
can reduce the cost of production logistics. Thirdly, infrastructure can stimulate multifac-
tor productivity since it provides facilities for other production factors, for example, human
capital development.

Moreover, investment in infrastructure can enhance aggregate demand due to increased
construction expenditure and maintenance operation. According to Kumo (2012), the de-
velopment of infrastructure can influence industrial policy since the government may dis-
tribute investments to specific infrastructure projects and affect private-sector investment
decisions. Torisi (2009) use a causal relationship approach based on Vector Autoregression
(VAR) model, and the Granger causality test concludes that infrastructure development and
economic growth can affect each other. Still, he stresses that “no study finds evidence to sup-
port the hypothesis of strict reverse causation from output to infrastructure’.

Infrastructure can boost economic growth at the micro, regional or national level (Noam,
1994). Of course, infrastructure development does not guarantee favourable economic
growth, but, as Nijkamp (1986) stated, “it creates the necessary conditions for achieving
regional development objectives”. Moreover, different types of infrastructure are interrelated
and can generate positive externalities for each other. For example, ICT, transportations,
and water supply systems depend on energy infrastructure (Wang et al. 2019): operation of
the ICT systems without electric power is impossible; electric power system operates water
pump stations; fuel networks also rely on the energy system. The development of transporta-
tion systems increases connectivity, and due to this, it can reduce the time and cost of ICT
equipment delivery, as well as increase energy efficiency (Wang, 2020b). Management of all
transportation, energy, and water supply services rely on ICT systems (Kallal et al., 2021).
Moreover, upgrades or new infrastructure developments can reduce unemployment.

A theoretical model was developed based on theories about the relationship between
infrastructure and economic growth, which identified impact transmission channels (see
Figure 1).

Infrastructure investment increases the amount of total fixed capital and directly influ-
ences regional and national GDP growth. Infrastructure investments are usually directed
to infrastructure construction or overhaul, leading to increased demand for construction
workers and rising overall employment levels (Meersman & Nazemzadeh, 2017). Infra-
structure investments increase the volume and quality of specific types of infrastructure.
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Figure 1. The theoretical model for infrastructure impact on economic growth and convergence
(source: composed by the authors based on Sanctuary et al., 2005; Azevedo, 2014; Meersman &
Nazemzadeh, 2017; Toader et al., 2018; Kyriacou et al., 2019; Elysia & Wihadanto, 2020; Wang et al.,
2020b; Kallal et al., 2021, etc.)
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Transport infrastructure development increases connectivity, and this, in the long run, leads
to growth of economic activities, increases resource flows, enhances market acceptability, and
stimulates innovations and technological progress (Wang et al., 2020b). An increase of con-
nectivity directly and via cost-saving for other sectors raises the productivity and efficiency
of resources. Wang et al. (2020b) emphasize transport infrastructure’s impact on energy ef-
ficiency. Transport infrastructure development promotes industrial agglomeration that leads
to technological spillover and raises competition and economies of scale, which positively
influence energy and other resources efficiency.

Energy efficiency directly depends on energy infrastructure conditions. Improvement of
energy infrastructure, first of all, reduces energy losses. Energy losses directly raise energy
efficiency and can indirectly lead to lower energy prices that positively influence energy con-
sumption (Azevedo, 2014). Increasing energy consumption in the household and business
sectors raises regional and country GDP. Moreover, a decrease in energy prices generates
saving in all sectors. Those savings can become investments in innovations that are also the
source of cost-saving and resource productivity and efficiency. Some authors (Pandey, 2020;
Wang et al., 2019) consider energy infrastructure essential among other critical infrastructure
types since all economic activities depend on energy. Moreover, energy infrastructure can be
treated as a political intermediary and cause countries political independents or vice versa
(Bridge et al., 2018). But political aspects of energy infrastructure are not a field of interest
for this paper and will not be discussed further.

The development of water and sanitation infrastructure positively influences economic
growth mainly due to its impact on human health, leading to the improvement of educa-
tion (Sanctuary et al., 2005, Palei, 2015). Improved safe water supply and sanitation facilities
reduce the illness of the population, and in the long run, it benefits education and labour
productivity due to lower morbidity (Sanctuary et al., 2005). Other positive externalities of
improved water and sanitation infrastructure are related to the increase of the economy’s
resilience to rainfall variability and tourism (Elysia & Wihadanto, 2020).

ICT infrastructure development increases information flows and knowledge creations
and flow, facilitates access to new markets and human capital, and ensures its improvement,
stimulates innovation and technological progress (Toader et al., 2018; Kallal et al., 2021).
Nowadays, almost all businesses, the public sector, and households use ICT services. More-
over, innovative business management systems and production equipment are also based on
ICT technologies and solutions, generating cost savings and increasing resource productivity
and efficiency (Haftu, 2019). Internet and mobile networks allow companies to adapt more
quicly to turbulent economic conditions and ICT development becomes an essential elements
of business and national socio-economic development strategies (Ortiz et al., 2020; Olczyk
& Kuc-Czarnecka, 2022).

In general, since the performance of all economic sectors (service, industry, agriculture)
relies on transport, ICT, energy, and water services and products, the development of core in-
frastructure has to lead to regional and national economic growth. But according to Kyriacou
etal. (2019), infrastructure investment outcomes depend on government quality. The govern-
ment accepts the distribution of national public investment and EU Structural funds sup-
port and takes part in the selection of infrastructure projects. The government, for political
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reasons, may divert investments, not to regions with the worst infrastructure situation but
those with the highest number of potential voters. In this case, the country’s economy can
grow, but regional disparities will widen, and the convergence objectives will not be achieved.
The allocation of funds to inefficient projects is also associated with corruption. In general,
infrastructure development outcomes in all stages of effect — from investment to economic
growth — depend on government quality. This aspect has to be taken into consideration,
evaluating infrastructure development outcomes.

The main limitation of our model is the interaction between the development of all types
of infrastructure and the interrelationships of the impact channels, which are challenging to
represent in one model. Therefore, the model is simplified by depicting only the fundamental
relationships.

3. Identification of elements for model specification

Analysis of literature revealed that most of the research bases the impact of infrastructure
on economic growth on public investment theory and neoclassic aggregate economic growth
models. Studies (Oyeniran & Onikosi-Alliyu, 2016; Meersman & Nazemzadeh, 2017; Saidi
et al., 2018; Toader et al., 2018; Nair et al., 2020; Wang et al., 2020b; Elburz & Cubukcu,
2021; Kallal et al., 2021) provide differently modified Cobb-Douglas production functions.
Modified functions covers traditional factors such us capital, labour, level of technology and
integrates specific factors related to infrastructure such us foreign direct investment in ICT
(Oyeniran & Onikosi-Alliyu, 2016), government investment in ICT (Oyeniran & Oniko-
si-Alliyu, 2016), ICT infrastructure (Nair et al., 2020), ICT diffusion (Kallal et al., 2021),
transport infrastructure capital or stock (Meersman & Nazemzadeh, 2017; Saidi et al., 2018;
Elburz & Cubukcu, 2021; Wang et al., 2020a). Toader et al. (2018) capital devided into ICT
and non-ICT capital. The main limitation in modified growth functions is that they do not
implement some types of infrastructure.

Hence, before specifying the model, first of all, the output variable has to be chosen.
For this reason, output variables used in related literature have been identified. Analysis
revealed that authors used different output variables for estimation infrastructure devel-
opment economic outcomes: labour productivity and/or total factor productivity (Far-
hadi, 2015; Mitra et al., 2016; Arif et al., 2020; Kallal et al., 2021), Gini coefficient (Untari
et al., 2019), Global competitiveness index (Palei, 2015), GDP, GDP growth, GDP per
capita or GDP per capita growth (Canning & Pedroni, 2004; Calderén & Servén, 2004;
Crescenzi & Rodriguez-Pose, 2012; European Commission, 2014; Donou-Adonsou et al.,
2016; Oyeniran & Onikosi-Alliyu, 2016; Cigu et al., 2019; Lin & Chiu, 2018; Pradhan
et al., 2018; Saidi et al., 2018; Toader et al., 2018; Haftu, 2019; Untari et al., 2019; Apurv
& Uzma, 2020; Arif et al., 2020; Batool & Goldmann, 2020; Yang et al., 2020; Maneejuk
& Yamaka, 2020; Muvawala et al., 2020; Nair et al., 2020; Wang et al., 2020a, etc.). We
agree that infrastructure development can influence all mentioned phenomena. Still, the
ultimate result is expressed by the total output growth in the economy, as other factors
directly or indirectly affect it. Thus, economic growth has to be used as an output variable
specifying a research model for infrastructure impact.
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In the next step, we have identified and systemized control variables used in the research.
It enables us to identify other growth factors and integrate them into the specification. Analy-
sis revealed that research uses traditional economic growth factors as control variables in
econometric specifications: capital (Donou-Adonsou et al., 2016; Oyeniran & Onikosi-Alliyu,
2016; Lenz et al,, 2018; Toader et al., 2018; Haftu, 2019; Arif et al., 2020; Apurv & Uzma,
2020; Yang et al., 2020; Maneejuk & Yamaka, 2020; Muvawala et al., 2020; Wang et al., 2020a;
Kallal et al., 2021), population or/and employment (Farhadi, 2015; Meersman & Nazemza-
deh, 2017; Lenz et al., 2018; Haftu, 2019; Muvawala et al., 2020), labour force (Oyeniran &
Onikosi-Alliyu, 2016; Cigu et al., 2019; Pradhan et al., 2018; Untari et al., 2019; Maneejuk &
Yamaka, 2020; Wang et al., 2020a; Apurv & Uzma, 2020; Arif et al., 2020; Kallal et al., 2021),
human capital (Crescenzi & Rodriguez-Pose, 2012; Farhadi, 2015; Meersman & Nazemzadeh,
2017; Untari et al., 2019; Maneejuk & Yamaka, 2020; Elburz & Cubukcu, 2021; Arif et al.,
2020), economic openness (financial: Toader et al., 2018; Yang et al., 2020; trade: Donou-
Adonsou et al., 2016; Mitra et al., 2016; Meersman & Nazemzadeh, 2017; Cigu et al., 2019;
Lenz et al.,, 2018; Toader et al.,, 2018; Apurv & Uzma, 2020; Muvawala et al., 2020; Wang
et al., 2020a). However, some authors, evaluating infrastructure outcomes, took into account
innovation development (Crescenzi & Rodriguez-Pose, 2012; Farhadi, 2015; Mitra et al., 2016;
Maneejuk & Yamaka, 2020; urbanization level (Wang et al., 2020a), industry size (Mitra et al.,
2016), inflation (Toader et al., 2018; Haftu, 2019; Muvawala et al., 2020; government size
(Donou-Adonsou et al., 2016; Cigu et al., 2019; Toader et al., 2018; Haftu, 2019), and other
factors. All those factors can be used to develop the model, but they must not duplicate the
impact on the outcome variable. Initial real per capita GDP allows to capture infrastructure
effect on the convergence between regions and countries (Yang et al., 2020), and it has to be
included in the econometric specification.

Another step in developing a research model is identifying and selecting indicators that
proxy infrastructure development. Analysis of literature revealed that there are few ways for
examining the impact of infrastructure on economic growth and convergence i) to analyze
infrastructure investment returns (IIR) (European Commission, 2014; Oyeniran & Onikosi-
Alliyu, 2016; Kyriacou et al., 2019; Untari et al., 2019; Muvawala et al., 2020); ii) to identify
infrastructure development effects, using physical infrastructure indicators (Lenz et al., 2018;
Maparu & Mazumder, 2017; Meersman & Nazemzadeh, 2017; Saidi et al., 2018; Batool &
Goldmann, 2020; Elburz & Cubukcu, 2021; Wang et al., 2020a, 2020b; Apurv & Uzma, 2020;
Arif et al., 2020; Elysia & Wihadanto, 2020); iii) to analyze infrastructure impact, using ag-
gregate infrastructure index (Palei, 2015; Mitra et al., 2016; Cigu et al., 2019; Nair et al., 2020;
Yang et al., 2020; Kallal et al., 2021).

We also found that research uses different estimators to study the impact of infrastructure
on growth. Most authors used GMM (Donou-Adonsou et al., 2016; Mitra et al., 2016; Saidi
et al., 2018; Toader et al., 2018; Haftu, 2019; Yang et al., 2020), OLS (Farhadi, 2015; Mitra
et al,, 2016; Cigu et al,, 2019; Lenz et al., 2018; Toader et al., 2018; Apurv & Uzma, 2020;
Arif et al., 2020; Elburz & Cubukcu, 2021), FE (Farhadi, 2015; Donou-Adonsou et al., 2016;
Cigu et al,, 2019; Lenz et al., 2018; Apurv & Uzma, 2020), and RE (Cigu et al., 2019; Lenz
et al,, 2018; Apurv & Uzma, 2020) estimators and their variations to assess the impact of
infrastructure on economic growth.
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Cigu et al. (2019) provided the analysis and discussion on previous studies that evaluate
transport infrastructure outcomes using different estimators. Based on their analysis, regard-
less of the estimator applied, the research results reveal similar trends, but the elasticity coeffi-
cients reflecting the effects differ. It can be stated that the research results are more influenced
by the countries/regions and periods covered, research strategies applied, and the indicators
used, but not by the estimator applied. All main econometric methods can be used to assess
the impact of infrastructure on growth and convergence, as each has some limitations that
can be identified using additional testing.

For example, the autocorrelation of errors is highly probable using OLS. To avoid this,
variable differentiation and lagged dependent variable in the specification is used. The FE
calculate a vast number of coeflicients. In addition, it is not possible to include time-invariant
factors or factors that change at a constant rate. Multicollinearity is expected between fixed
effects and independent variables that slowly change over time. Estimates of the RE may be
inconsistent if random effects correlate with other independent variables. In this case, com-
patibility must be checked using the Hausman test.

The choice of a specific method for estimating the impact of independent factors on
dependent variables depends on the research strategy. The research questions and choosing
a research strategy that allows answering those questions is essential. In general, the analysis
revealed that the main questions that have to be answered in research evaluating outcomes of
infrastructure development to address the shortcomings of previous studies are: What is the
impact of infrastructure development on convergence? What impact does the government
quality have on the outcomes of infrastructure development? How much do the outcomes
differ between countries with relatively high and low quality of government? What are the
effects of different types of infrastructure development?

4. Econometric specification for assessing the impact of infrastructure
development on growth and convergence

The econometric specification to examine the impact of infrastructure on growth and conver-
gence between EU-28 countries is based on neoclassical growth specification for a panel of
countries, which is conventional in the literature related to the analysis of beta convergence,
i.e. B-convergence:

1 Y.
ﬁln RAEE B Bln(Yi’t ) +jinst; , + czAln(popi’t ) +
N it

o ln(densi’t ) +¢y ln(urbi’t ) + csAln(lfi,t ) +ce8ef; s + c7gcfi)2t +cg ln(opn,-,t ) +
Co ln(govi,t ) +¢5 ln(r &d,, )+ cHAln(cpii,t ) +¢p, ln(hci)t ) +0,+1; ey, (1)

where i stands for the country and ¢ for the period. The dependent variable is the average per
capita GDP (Y) growth rate. Variables used to control growth sources, included in the right-
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hand side of the equation, are presented in Table 1. 0, and y; are time- and country-specific
effects, respectively, modelled including time dummies and estimating Eq. (1) using within
(FE) estimator. g; , is the idiosyncratic error term. o, § and ) are parameters to be estimated.
Negative and statistically significant estimated f would suggest that initially (at period t) less
developed countries (in terms of per capita GDP) were growing (over the period t—T) faster
and catching up with more developed ones.

A variable INFR that represents infrastructure as a usual growth factor is added to the
right-hand side of the Eq. (1):

1 1 Yi,t+T _ 1 .

1 n——|=a+f n(Yi)t ) +YINFR; , +cjinst;  +...+0, + 1, +¢;,. (2)
it

This research assumes that infrastructure affects the speed of convergence, i.e infrastruc-

ture works as the mediator that speeds up the convergence process between EU-28 countries:

1 Yiesr )
——In| — |=o+ Bln(Yi)t )+ YINFR; , + (pln(Yi)t )x INFR; , +cjinst; ; +...+0, + 1, +¢;,

T-1 o
(3)

where multiplicative term In(Y; )xINFR,; , allows examining whether bigger infrastructure
leads to faster convergence and vice versa. Eq. (3) could be slightly rearranged to show that
introducing a multiplicative term, i.e. In(Y; )xINFR; , allows modelling the conditional rela-
tionship between In(Y; ;) and growth, which depends on the amount of infrastructure:

1 Yz t+T .
| |=ar (B+@INFR;  )In(Y, , )+ YINFR; , +cyinst,, +...+0, +1; +&.,, (4)

it

where B + @INFR; ; is the composite slope of growth on an initial per capita GDP. The esti-
mated negative coeflicient on ¢ would give empirical evidence of infrastructure’s convergence
outcome. Still, v shows the effect of infrastructure on growth. With the introduction of the
multiplicative term, not only does the slope coefficient become conditional, but also the stan-
dard error associated with the coefficient. It implies that a certain level of infrastructure could
be needed for the convergence even to start. In the present research, the formulas developed
by Brambor et al. (2006) will be applied in order to calculate standard errors.

Estimating the equations, it is necessary to select the span of the growth episode (T).
Research that uses T = 1 (i.e., annual per capita GDP growth) maximizes the sample size
(Donou-Adonsou et al., 2016; Muvawala et al., 2020). Still, this strategy might lead to esti-
mates that are highly affected by the cyclical patterns of economic fluctuations and endo-
geneity (since INFR is lagged only by one period with respect to growth). These issues will
be addressed by setting T equal to 3, aiming to estimate the effect of the current level of
infrastructure (and the other left-hand-side variables) on the 3-year forward-looking average
per capita GDP growth rate. Having a relatively short period under investigation, instead of
non-overlapping growth episodes, as an alternative, it is considered to use 3-year overlap-
ping growth periods even though the usage of overlapping growth rates as the dependent



742 A. Maciulyté-Sniukiené et al. Development of the model to examine the impact of infrastructure on...

variable creates a moving average structure in the error term. Following Panizza and Pres-
bitero (2014), the Huber-White Sandwich correction is used, which yields almost identical
results as Newey and West’s (1987) estimator, which allows modelling the autocorrelation in
the error term.

Our unbalanced panel data covers 28 EU countries from 2000 through 2019. Data is
collected from Eurostat, Our World in data and World Bank databases. Table 1 presents
summary statistics of the research variables.

Table 1. Research variables and summary statistics

Notation Variable Average Min. Max. S.D.
Y GDP per capita (constant 2010) | 3.22x10* | 3.98x103 1.12x10° | 2.11x10*
pop | Population, total 1.79x107 | 3.90x10° | 8.31x107 | 2.27x107
dens Population density (people per 174 17 151103 242
sq. km of land area)
urb Urban population (% of total) 722 50.8 98.0 12,5
If Labour force, total 8.61x10° | 1.56x10° | 4.39x107 | 1.10x107
; T
gef gg’gi capital formation (% of 22,9 11.9 46.0 456
opn Trade (% of GDP) 117 45.4 408 64.9
Total general government
gov expenditure (% of GDP) 44.7 24.5 64.8 6.55
r&d | Researchers in R&D (per million | ) g0 3 321 8.00x10% | 1.62x103
people)
cpi Consumer price index (2010 = 96.8 32 124 135
100)
he Tertiary educational attainment 335 74 58.8 118

age group 30-34 (%)

inst Control of Corruption: Estimate 1.03 -0.491 2.47 0.792

INFR - core infrastructure

ict - ICT infrastructure

Fixed telephone subscriptions

ict_ft (per 100 people) 39.8 4.86 72.1 13.9

ict_fb Fixed broadband subscriptions 211 0.0119 46.0 126
(per 100 people)

ict_me Mobile cellular subscriptions 107, 9.23 172, 29.6

(per 100 people)

ws — water and sanitation infrastructure

Share of the population with
ws_sf | access to safely managed 81.8 24.7 99.7 14.6
sanitation facilities (%)

Share of the population with
ws_dwf | access to safely managed 95.6 67.2 100. 5.68
drinking water facilities (%)

t — transport infrastructure
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End of Table 1

Notation Variable Average Min. Max. S.D.
Railway tracks (kilometres per
trw 1000 sq. km of land area) 88.9 21.2 258. 60.9
tr |Roads (kilometres per 1000 sq. | 4g, 103 112. 9.68x10° | 1.52x10°
km of land area)
Navigable inland waterways
t_ww | (kilometres per 1000 sq. km of 18.2 3.58 187. 33.7
land area)
Pipelines operated (kilometres
tpl per 1000 sq. km of land area) 107 0-411 245 336
Air passenger transport
t_ap | (passengers on board per 1000 2.77x103 80.0 1.45x10* | 2.17x103
inhabitants)
e - energy infrastructure
Electricity production capacities
e_epc | (megawatts per one mil. of 0.0678 0.000 0.363 0.0469
GDP)

5. Results of the evaluation infrastructure development impact on convergence

We estimated our specification using three alternative estimators, i.e. pooled OLS, FE and RE.
Panel diagnostics revealed that country fixed effects are present and thus have to be omitted
or modelled. We decided to estimate our model using FE estimator, which controls time-
invariant effects by applying within transformation, instead of LSDV, which yields the same
coeflicients but additionally estimates country-specific constant. Annex 1 (Table 2) presents
FE estimation results of Eq. (3).

Results are largely consistent with previous literature analyzing growth factors. We find
that a better institutional environment (in our case, less corruption) is positively and, in most
cases, statistically significantly related to growth. The estimated coefficient on institutions (as
well as on other growth controls) varies across estimations mainly due to non-constant sam-
ple size, which is primarily constrained by data on infrastructure variables. Those results are
in line with Cigu’s et al. (2019) findings. They investigated transport infrastructure’s impact
on economic growth and “the role of policy makers in explanation cross-country differences
in EU” and found that corruption negatively affects economic growth.

The estimated coefficient on population growth is negative and marginally statistically
significant, while the growing labour force is positively related to economic growth. Arif
et al. (2020) also revealed a significant and positive relationship between labour force and
economic output. We did not find a significant effect of population density and urbaniza-
tion, and the sign of the coefficient varies, indicating that there is no clear link with growth.
Although according to Urban Economic theory, urbanization leads to economic growth, this
is not always the case (Bertinelli & Strobl, 2007). Wang et al. (2020) used urbanization as a
control variable examinating transport infrastructure impact on economic growth in the Belt
and Road Initiative (BRI) countries and found a significant negative effect in Central and
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Eastern Europe. Urbanization impact on economic growth in East Asia and Commonwealth
of Independed States (CIS), South Asia, Weast Asia and North Africa was insignificant.
Maparu and Mazumder (2017), did not found significant relationship between urbanization
and economic growth in post-liberalization era in India.

We find a significant and positive relationship between growth and gross capital forma-
tion and a negative with the squared term. That is a sign of the diminishing marginal effect of
capital investments on output, which is predicted by neoclassic growth theory. We estimated
that the tipping point above which capital has a negative marginal effect is at about 23-24
per cent of GDP. Our results reveal that trade openness has a significant positive effect on
growth, while government size slow down economic growth. Those results are in line with
results from Fetahi-Vehapi et al. (2015), Dritsakis and Stamatiou (2016), who revealed a
positive trade openness impact on economic growth in EU countries, and Alfonso and Jalles
(2011), who found a negative relationship between government size and economic growth.
Some authors (Nouira & Kouni, 2021; Zungu & Greyling, 2021) identified a threshold (10-30
per cent depending on the country) above which the government size negatively related to
economic growth.

A negative and significant relationship is also found between inflation and growth. We
find no significant effect of R&D and human capital on growth. We believe that is mainly
because we use an input approach to proxy R&D and the 3-year episode is too short of cap-
turing the effect of human capital stock on growth.

Our findings (the negative and statistically significant estimated coefficient on ) suggest
that B-convergence between countries is present in the EU28. It is in line with Siljak and
Nagy (2019), Butkus et al. (2018). Negative coeflicients on interaction terms (i.e. ¢) between
initial per capita GDP and infrastructure show that infrastructure development boosts con-
vergence. Still, results suggest that this is not happening at a scale that would be statistically
significant. We find that only the development of ICT infrastructure (fixed broadband con-
nectivity) and transport infrastructure (network of pipelines) boost convergence significantly
(see Figure 2).

0 0.1
In(t_pl
-4.5 -2.5 -0.5 1.5 3.5 - 0 (tpD
S~ o _ In(ict_fb ~ -- -
\~§0.05 ( ) B ~dL _ _L—-2r 31
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Figure 2. Effect of fixed broadband subscriptions (left side) and
pipeline network (right side) on convergence
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Estimated coeflicients on y indicate the effect of infrastructure development on growth.
As in the case of convergence, we find that the development of all types of infrastructure is
positively related to growth. Still, the significant effect we observe is just in the case of fixed
broadband subscriptions and pipeline networks.

Conclusions

The term infrastructure has a variety of interpretations. Analysis of literature revealed that
this term is multidimensional and covers three main components: infrastructure features,
elements (structure), and outcomes for society.

Infrastructure has the following main characteristics: immobility, the high level of cost,
publicness, non-substitutability, and indivisibility. Based on an analysis of infrastructure defi-
nitions provided in previous studies, it can be stated that infrastructure covers facilities and
systems that are the basis for society’s prosperity, provided by governments for public use.
Most of the authors distinguish infrastructure into i) soft (non-tangible) infrastructure and
ii) hard (physical) infrastructure. Soft infrastructure covers institutional system, policy and
regulatory, governance mechanism, etc. Hard infrastructure integrates i) social infrastructure
that covers schools, universities, hospitals, clinics, theatres, museums, parks, etc.; ii) eco-
nomic infrastructure that consists of transport, ICT, energy, water, and sanitation systems.
Social, physical infrastructure facilitates education, health, and cultural services. Economic
infrastructure stimulates economic activity and is treated as core infrastructure.

From the theoretical point of view, relationships between infrastructure and economic
growth are based on four approaches: production function approach, cost-function approach,
growth-model approach, and causal relationship approach. Although the relationship be-
tween infrastructure and economic growth is mostly based on production function extended
by implementing infrastructure component, it often has limitations since it does not separate
different types of infrastructure. We provided a modified function that has a few novelties:
i) it separates different types of infrastructure capital; ii) infrastructure capital does not du-
plicate total capital, iii) it includes other growth factors.

After evaluating all mentioned approaches, a new theoretical model of the impact of
infrastructure development on economic growth and convergence has been developed, inte-
grating all the main infrastructure components (transport, ICT, energy, water, and sanitation)
and the channels of direct and indirect impact transmission and their interrelationships.

Investment in infrastructure development increases the total capital of a country or re-
gion and increases employment, which directly affects economic growth. The increasing vol-
ume and quality of individual types of infrastructure stimulate economic growth by shaping
the availability of resources and markets, reducing resource losses, and improving human
capital. It can be achieved by knowledge creation and flows, improvement of human health
and education, stimulation innovation and technological progress, generating cost-saving,
resources productivity, and efficiency of own and other sectors). One of the novelties of the
model is that it includes a component of government quality. The infrastructure develop-
ment outcomes, especially convergence, highly depend on the government since government
management abilities, priorities (economic prosperity and regions convergence or political
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bonuses), level of corruption influence the effectiveness of distribution infrastructure invest-
ments between geographical areas and projects.

Analysis of literature revealed that most of the research grounds the impact of infrastruc-
ture on economic growth on public investment theory and neoclassic aggregate economic
growth models. The main limitations of those functions are the following: infrastructure
capital duplicates total capital; different types of infrastructure are not separated; just a few
growth factors are included; lagged effects are not considered. Those shortcomings have
been solved by providing a modified growth specification that can be the basis for empirical
research. Control variables used by research in econometric specifications were also system-
ized. It allows us to identify and select growth factors that have to be integrated into the
growth function and empirical model. Analysis revealed that most authors integrate tradi-
tional factors such as capital, population or/and employment, labour force, human capital,
and economic openness (trade and financial). However, innovation development, urbaniza-
tion level, industry size, size of government, and inflation can affect economic growth and
have to be integrated into the specification. Moreover, the research model has to implement
initial real GDP per capita since it allows catching infrastructure effect on the convergence.

Based on the analysis of previous studies, we can conclude that there are a few ways to
investigate the infrastructure impact on economic growth and convergence: to explore in-
frastructure investment returns; to analyze infrastructure development effects using physical
infrastructure indicators; to investigate infrastructure impact using aggregate infrastructure
index. Most appropriate is to use infrastructure investments and physical infrastructure in-
dicators that proxy infrastructure development since the usage of aggregate infrastructure
index does not allow to assess the effects of individual types of infrastructure and effective-
ness of distribution of investment. That is very important if authors seek that research would
have practical value and provide recommendations for policymakers.

Literature analysis allows us to conclude that different econometric models can examine
infrastructure development outcomes. Still, considering the limitations of previous studies,
econometric models have to be able to assess lagged effects and evaluate the impact not only
on growth but also on convergence. The effects of individual infrastructure development have
to be assessed as well. These aspects have been taken into consideration while developing an
econometric specification that has been empirically tested assessing the impact of infrastruc-
ture development on convergence and growth in the EU. It covers not only standard variables
but also additional like initial per capita GDP, innovation development, urbanization level,
size of government, inflation, control of corruption.

Even though we find that infrastructure positively affects growth and convergence, the
estimated impact is not statistically significant except for some types of ICT and transport
infrastructure.

Also, we found a positive relationship between labour force, gross capital formation (up
to the threshold of 23-24 per cent of GDP), trade openness, and government size.

Nevertheless, the research has some limitations. First of all, the study evaluated infra-
structure growth and convergence outcomes at the national level, leaving the question of
what impact is at the regional level. Another limitation is that the research was performed us-
ing only one type of variable (physical indicators) to proxy infrastructure development. Thus,
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future research could include an assessment of the infrastructure development outcomes at
the NUTS 2 regional level. In addition, a study could be carried out using infrastructure
investments as an indicator of its development.
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