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Abstract: Traditionally, infrastructure has been considered an essential component of a country’s
development. Therefore, European Union (EU) Member States (MS) invest heavily in this area. A
lot of support for infrastructure development is also directed from the EU Structural Funds (SF).
However, the results of previous studies do not fully reveal whether the development of infrastruc-
ture contributes to EU MS’ economic growth and what factors mediate this effect. Considering the
limitations of previous studies, this article aims to examine whether the development of different
types of infrastructure (transport, information and communication technologies (ICT), energy, and
water and sanitation) contribute to economic growth and to assess whether government quality
affects the growth outcomes of infrastructure. Empirical estimations are based on neoclassical spec-
ifications and cover 28 EU countries from 2000 to 2019. Estimates revealed that all types of infra-
structure positively correlate with growth but not all correlations are significant. Only mobile cellu-
lar, which proxies ICT infrastructure, electricity production, which proxies energy infrastructure,
and pipeline transport infrastructure significantly affect economic growth. Water and sanitation in-
frastructure development do not significantly contribute to EU MS’ economic growth. The institu-
tional environment, i.e., less corruption, has a considerable positive effect on the growth outcomes
of electricity production and pipeline transport infrastructure.

Keywords: infrastructure; transport infrastructure; ICT infrastructure; energy infrastructure; water
and sanitation infrastructure; economic growth; government quality

1. Introduction

Each country strives for socio-economic prosperity. Core infrastructure that consists
of ICT, transport, energy, and water and sanitation, creates necessary conditions for
achieving economic development goals. Therefore, EU countries, like others, invest a lot
to develop core infrastructure. The EU Structural Funds also provide significant funding
for infrastructure projects. For example, the European Commission (EC) has allocated 71
billion euros from the EU Structural Funds budget to develop core infrastructure in EU
countries during 2014-2020. EU countries invested an additional 18 billion euros for this
purpose. The main purpose of these investments is to encourage the development of lag-
ging countries and regions and reduce the economic disparities between them. Although
infrastructure development is obvious, it is unclear whether its main goal is being
achieved.

An analysis of previous research on evaluating the growth outcomes of infrastruc-
ture development reveals that using different methods (Generalised Method of Moments,
Auto Regressive Distributed Lag Model, Fixed effect, Random effect, Ordinary Least
square regression) had a positive effect on Gross Domestic Product (GDP) growth. Unfor-
tunately, many studies cover non-EU countries or regions: African countries [1-5], China
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[6-11], India [12-14], Pakistan [15,16], Turkey [17], Uganda [18], Indonesia [19], Tunisia
[20], a group of Asian countries [21], BRICS countries (Brazil, Russia, India, China and
South Africa) [22], or different groups of countries [23,24] (see Table Al in the Appendix
A).

Several studies, which cover some or all EU countries and evaluate the impact of
infrastructure development on economic growth, assessed the impact of one type of in-
frastructure. These studies provide valuable results but the growth outcomes of all types
of infrastructure need to be assessed comprehensively in order to be able to formulate
policies for allocating limited financial resources and for planning for different types of
infrastructure development. It is noteworthy that the European Commission [25], using
19502012 data, assessed the impact of two different types of infrastructure development
(transport and energy) on per capita GDP in EU-28 countries and found a positive rela-
tionship between those variables, but the impact of ICT and water and sanitation infra-
structure development has not been assessed. Interesting research by Palei [26] examined
how infrastructure development influences 124 countries’ (including EU) competitiveness
and found a significant positive relationship. Still, since the paper uses an infrastructure
index that includes transport, ICT, and energy infrastructure to proxy the infrastructure,
the impact of a particular type on infrastructure is unclear. In summary, there is a lack of
research covering different types of infrastructure. This paper fills this research gap.

An analysis of previous studies also reveals heterogeneity of estimated effects. Many
studies [27-29] that evaluated the impact of transport development on economic growth
in EU countries or regions have revealed that transport infrastructure development has a
positive effect on economic growth. However, the results are not homogeneous. For ex-
ample, Luz et al. [30] did not find a relationship between the transport infrastructure index
and GDP. Lenz et al. [31] found that railway infrastructure development harms the GDP
of Central and Eastern European (CEE) countries that belong to the EU. According to
Crescenzi & Rodriguez-Pose’s [32] findings, the impact of road transport infrastructure
development on per capita GDP in the regions of EU-15 countries is positive but slightly
significant. They conclude that the effects of transport infrastructure depend on the socio-
economic conditions, innovation capacity, and the ability to attract migrants. Farhadi’s
[33] research results support the findings of Crescenzi & Rodriguez-Pose [32]. The author
[33] concludes that transport development positively influences labour and total factor
productivity, but not substantially. Kyriacou et al. [34] found a positive relationship be-
tween transport infrastructure investment and physical infrastructure development, but
the intensity of the effects varies across countries and depends on government quality.

Almost all research [35-39] investigating the economic outcomes of ICT infrastruc-
ture development in EU countries found a positive relationship between ICT infrastruc-
ture variables and per capita GDP. However, Pahjola [36], in evaluating the impact of in-
formation technology spending on GDP per working-age population in 39 countries (in-
cluding EU-15), found a positive but not significant relationship in most sampled coun-
tries.

There are no studies that examine the economic outcomes of the development of en-
ergy, water, and sanitation infrastructure in EU countries. Therefore, this research gap
should also be filled.

Previous studies have not assessed the possible lagged effects of infrastructure de-
velopment in EU countries, but studies that cover other countries suggest that the out-
comes may be heterogeneous in the short and long run. For example, Muvawala et al. [18]
found that expenditure on transport infrastructure has a significant positive impact on
Uganda’s GDP growth but negatively affects it in the short run. In addition, investment
in the same infrastructure network is usually made over several years, therefore, the ef-
fects may occur with a lag.

Considering the results and identified limitations and gaps of previous studies, this
paper aims to assess the growth outcomes of different types of core infrastructure devel-
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opment and its relationship with government quality. The decision to investigate the ef-
fects of government quality on the growth outcomes of infrastructure development was
based on Kyriacou et al.’s [34] findings. If the outcomes of transport infrastructure devel-
opment depend on government quality, it is likely that this relationship could also exist
in the case of other types of infrastructure.

The rest of this paper is organized as follows. Section 2 is dedicated to the theoretical
background of the impact of infrastructure on growth. Section 3 presents the methodology
for the examination of the growth outcomes of infrastructure. Section 4 presents the re-
sults of the evaluation. Section 5 discusses the results. Section 6 provides conclusions.

2. Theoretical Background

On a theoretical level, core infrastructure covering transport, ICT, energy, and water
and sanitation, is considered the basis for economic and social prosperity. According to
Stupak [40], infrastructure is a critical factor in a country’s wealth. Favourable infrastruc-
ture ensures the efficient production of goods and services, reduces production costs, and
leads to lower product prices. Nevertheless, the effects of infrastructure development on
the economy also manifest through other channels. Ongoing infrastructure projects in-
crease labour demand in the construction and related sectors and reduce the country’s or
region’s unemployment level [28]. Infrastructure development may cause economic
growth through improved health and education [26] since proper infrastructure provides
access to better health and education services. Infrastructure creates conditions for acces-
sion to undeveloped regions and increases communication, which ensures knowledge
flows from developed areas.

Although all types of infrastructure affect the economy through the abovementioned
channels, the impact of each type of infrastructure on economic growth also manifests
through specific channels (see Table 1).

Table 1. The role of core infrastructure in economic growth.

Type of -
yP Impact Transmission Channels
Infrastructure
TI development — increase connectivity — enchase market accessibility — increase business
T ; activity — increase flow of resources — stimulate innovations — economic growth [11]
ranspor

TI development — reduction generalised transport cost — increase productivity (added value)

— economic growth [41]

Information and com-

munication (ICTT)

ICTI development — production ICT goods and services — economic growth [5,38]

ICT infrastructure development — usage ICT goods and services in other sectors — efficiency

and productivity growth — economic growth [5,38]

ICT infrastructure development — facilitates knowledge acceptability and creation — human

capital growth — economic growth [5,20]

Energy (EI)

EI development — reduction of energy resources transfers cost — efficiency and productivity

growth — economic growth [10]

El development — reduction of energy prices — increase consumption or diversion of freed-
up monetary resources to consumption of other products or savings — increase production —

economic growth [10]

El development — energy losses reduction — reduction energy prices — saving generation —

investments — economic growth [42]

Water and sanitation W&SI development — reduce the illness — improve human capital — increase labour produc-

(W&SI)

tivity — economic growth [26,43]

It should be noted that different types of infrastructure are connected. Energy infra-
structure covers natural gas, fuels, and electric power networks [44]. The functioning of
transportation systems is based on fuel networks; ICT and water supply systems rely on
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electric power systems. Disruption of the energy system can disrupt other infrastructure
systems. On the other hand, the operation of energy, transport, water, and sanitation sys-
tems and their management relies on ICT systems. ICT includes software, hardware, net-
works, data, information collection, transmission, storage, information (data, voice, text,
images) provision, and manipulation [20,38]. Developed ICT networks save transaction
costs and reduce price dispersion [5]. ICT development effectiveness is related to transport
infrastructure. For example, the transportation costs for ICT equipment depend on
transport infrastructure and its quality. Developing a separate type of infrastructure can
strengthen the total effects of infrastructure on economic growth.

Although infrastructure development is expected to impact economic growth posi-
tively, the effect may be reduced by the private investment crowding-out effect. Infra-
structure investment is generally a public investment. According to public investment
theory, in the long run, a crowding-out effect of private investments [40] could occur.

The real positive effect of infrastructure development on economic growth may be
smaller than the potential one due to low government quality [34]. Due to the high level
of corruption, the government may direct infrastructure investment to less-productive
projects.

3. Methodology

The examination of the impact of infrastructure on growth is based on a neoclassical
specification, which is conventional in the related literature [4,11,17,22,28,31,38,39]:

mln (K;:T) =a+ ﬁln(Yi‘t) + ¢yinst;, + czAln(popi,t) + c3ln(densi,t)+c4ln(urbi‘t) + csAln(lfi‘t)

+ c6gcﬁ,t+c7gcfi_2t + cgln(opni,t) +cofdi;y + cloln(govi‘t) + cnln(r&di,t) + cleln(cpii,t) )

+ cl3ln(hci_t) + 0+ p; + &
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-hand side of the equation, are presented in Table 2. 0, and p: are time- and country-
specific effects, respectively, modelled including time dummies and estimated by Equa-
tion (1) using a within estimator. ¢is is the idiosyncratic error term. § and c() are parameters
to be estimated.
Table 2. Research variables and summary statistics.

Notation Variable Average Min. Max. S.D.

Y GDP per capita (constant 2010 US$) 322x10¢ 398x10° 1.12x10° 2.11x10*
pop Population, total 1.79x107 390x10> 831x107 227 x107
dens Population density (people per sq. km of land area) 174 17 1.51 x 103 242
urb Urban population (% of total population) 722 50.8 98.0 12.5

If Labour force, total 8.61 x 10¢ 156 x105 4.39x107 1.10 x 107
gcf Gross capital formation (% of GDP) 22.9 11.9 46.0 4.56
opn Trade (% of GDP) 117 454 408 64.9

fdi Foreign direct investment, net inflows (% of GDP) 11.8 -58.3 449 38.2
gov Total general government expenditure (% of GDP) 44.7 24.5 64.8 6.55

r&d_r Researchers in R&D (per million people) 2.90 x 10° 321 8.00 x10°  1.62 x 103
cpi Consumer price index (2010 = 100) 96.8 32 124 13.5
hc Tertiary educational attainment age group 30-34 (%) 33.5 7.4 58.8 11.8

inst_cc Control of Corruption: Estimate 1.03 -0.491 2.47 0.792

inst_rq Regulatory Quality: Estimate 1.20 -0.109 2.10 0.443

INFR — core infrastructure

ict—ICT infrastructure
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ict_ft Fixed telephone subscriptions (per 100 people) 39.8 4.86 72.1 13.9
ict_fb Fixed broadband subscriptions (per 100 people) 21.1 0.0119 46.0 12.6
ict_mc Mobile cellular subscriptions (per 100 people) 107. 9.23 172. 29.6

ws—water and sanitation infrastructure

Share of the population with access to safely man-

ws_st aged sanitation facilities (%) 81.8 247 997 146
ws._dwf Share of the pop.ula.tlon with access to safely man- 95.6 672 100. 5.68
aged drinking water facilities (%)
t—transport infrastructure
trw Railway tracks (kilometres per 1000 sq. km of land 88.9 212 258, 60.9
area)
t_r Roads (kilometres per 1000 sq. km of land area) 1.48 x 10° 112. 9.68 x10°  1.52 x 103
t W Navigable inland waterways (kilometres per 1000 sq. 182 358 187, 137
km of land area)
Pipeli kil 1 . km of
t pl ipelines operated (kilometres per 1000 sq. km o 107 0411 45 556
land area)
Air passenger transport (passengers on board per
2.77 x 108 80.0 1.45e +004 2.17 x 103

t
—ap 1000 inhabitants)
e—energy infrastructure

Electricity production capacities (megawatts per one

mil. of GDP) 0.0678 0.000 0.363 0.0469

e_epc

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

1 Yiesr .
ﬁln Y =a+ ,BZn(YL-,t) + YINFR;; + ciinst;e + -+ 0, + u; + €, (2)
- it

It is assumed that the effect of infrastructure on growth is mediated by the quality of

institutions:
1 Viesr - -
ﬁln y_ =a+ ﬁln(Yi_t) + YINFR; + @INFR;, X inst;¢ + cyinst;, + -+ 0 + p; + &4, 3)
- it
where the multiplicative term INFR x inst allows us to examine whether better institutions
lead to better growth outcomes of the infrastructure and vice versa. Equation (3) could be
slightly rearranged to show that introducing a multiplicative term, i.e., INFR x inst, allows
modelling the conditional relationship between INFR and growth, which depends on the
quality of institutions:
1 Yierr . .
ﬁln Y =a+ ﬁln(Yi‘t) + (y + (pmsti‘t)INFRi,t +cyinstj + o+ 0+ p; + &, (4)
- it

where y + ginst is the is the composite slope of growth on infrastructure. For the general
estimations, as a proxy for institutional quality, the control of corruption and regulatory
quality for the robustness check will be used.

With the introduction of the multiplicative term, not only the slope coefficient be-
comes conditional, but also the standard error associated with the coefficient. It implies
that a certain level of institutional quality could be needed for the positive and significant
effects of the infrastructure on growth to appear. In the present research the formulas de-
veloped by Brambor et al. [45] will be applied in order to calculate standard errors.

In 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) maximises the sample
size [3,18,35,37]. Still, this strategy might lead to estimates that are highly affected by the
cyclical patterns of economic fluctuations and endogeneity (since INFR is lagged only by
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one period with respect to growth). These issues will be addressed by setting T equal to 5
(and to 3 for robustness check), aiming to estimate the effect of the current level of infra-
structure (and the other left-hand-side variables) on the 5-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 we decided to use 5-year overlap-
ping growth periods even though the usage of overlapping growth rates as the dependent
variable creates a moving average structure in the error term. Following Panizza and Pres-
bitero [46], the Huber—White Sandwich correction is used, which yields almost identical
results as Newey and West's [47] estimator and which allows modelling of the autocorre-
lation in the error term.

This unbalanced panel data covers 28 EU countries for the period 2000-2019. Data
are collected from Eurostat, Our World in data and World Bank databases. Table 2 pre-
sents summary statistics of the research variables.

For the infrastructure, many types of variables that could be grouped into a couple
of categories are used: ICT, water and sanitation, transport, and energy infrastructure.

4. Results

Panel diagnostics revealed that country-fixed effects are present (see Table 3). Thus,
all estimates include country dummies along with the time effects. The estimated coeffi-
cients on control variables have a theoretically justified impact on growth and are con-
sistent with previous research. For example, other growth conditions being equal, better
institutions (in this case—less corruption) are related to faster growth rates. The negative
coefficient on initial per capita GDP indicates that less-developed EU countries experience
faster growth rates and thus catch up to more developed ones, i.e., countries are converg-
ing in terms of their development level at a rate close to “the legendary 2%" [48]. Growth
of the labour force and openness to trade positively correlate with growth, whereas higher
rates of inflation, government size, and population growth have a negative effect on eco-
nomic growth. Evidence of an inverted U-shaped form of the relationship between capital
and growth is also found, which is in line with the neoclassical assumption of the dimin-
ishing marginal effect of capital on economic growth. The estimated threshold level lies
around 23-25%.
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Table 3. Fixed effects estimates of Equations (1) and (2). Dependent variable—5-year forward-looking average per capita GDP growth rate.
. . Coeffi-
Type of Infrastructure and Variable Notation cient 1) (2) 3) @) (5) (6) (7) ®) 9 (10 (11) (12)
Fixed 0.0081
In(ict_f
telephone nlict_f) (0.0085)
= Fixed , 0.0033
S broadband  n0ictf) (0.0032)
Mobile In(ict_me) 0.0241 *
cellular - (0.0126)
T g Sanitation 0.0328
=~ £ 3 | f
2R facilities niws_sf) (0.0347)
% = '-‘é Drinking water facili- In(ws_dw 0.0736
% = 3 ties f) (0.0808)
= . 0.0085
é Railways In(t_rw) Y (0.0178)
g 0.0122
= Road In(t '
L. oads n(t_r) (0.0097)
= =}
S} o Inland 0.0221
U 0
g waterways In(t_ww) (0.0320)
= 0.0450 ***
Pipelines In(t_pl) (0.0118)
0.0030
Air transport In(t_ap) (0.0084)
- 0.0256 *
[-5 %D EleCtriCity In(e_epC) (00136)
. 0.0201 0.0211 0.0181 0.0237 0.0198 0.0174 0.0192 0.0280 0.0256 0.0186
Institutions inst cc a R Fkk sk 3% *k *3% 0.0141 *3% 0.0187 Hkk Fkok 3%
Control of ti -
(Control of corruption) (0.0079) (0.0076)(0.0063)(0.0091) (0.0077) (0.0073) (0.0135) (0.0085) (0.0109) (0.0068)  (0.0088)  (0.0079)
-1.4120 -1.4510 -1.4830 -1.4290 -1.3910 -1.3170 -1.7700 -1.5790  -1.1610 0.4482 -1.3010  -1.6700
Population growth Aln(pop) o * ** * * * * * * ' ¥ *

(0.6659) (0.6590) (0.6987) (0.6714) (0.7078) (0.6726) (0.6937) (0.8153)  (0.4939)  (0.3559)  (0.7579)  (0.7426)
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Population density In(dens) o 0.0931 0.0911 0.0938 0.1133 0.0908 0.1075 0.0894  0.0549  -0.1125 -0.0965  0.1000 0.0513
(0.0835) (0.0835)(0.0822)(0.0903)(0.0866) (0.0833) (0.0949) (0.0787)  (0.0969) (0.0863)  (0.0907)  (0.0881)
- -0.0349 -0.0228 -0.0525 —0.0078 0.0175 -0.0028 -0.0364 -0.0771 ~0-3074 - ~0.3036 -0.0370  -0.0149
Urbanisation level In(urb) ot * *

(0.0920) (0.0898)(0.0904)(0.1011)(0.0913) (0.0895) (0.1522) (0.1078)  (0.1066)  (0.1468)  (0.0998)  (0.0974)
0.2155 0.2190 0.2139 0.2004 0.1995 0.2092 0.1854  0.2402 0.0588 0.0320 0.3034 0.2264

Growth of the labour force Aln(If) cs * ** * ** ** ** * ** e **
(0.0874) (0.0887)(0.0878)(0.0851)(0.0954) (0.0952) (0.1090) (0.0953) (0.0739) (0.1041) (0.1077)  (0.0923)
. ‘ 0.0074 0.0072 0.0066 0.0079 0.0075 0.0075 0.0090  0.0061 00026  —0.0004 0.0072 0.0080

Gross capital formation gef Cs o o o o o o o * o =
(0.0030) (0.0030)(0.0032)(0.0031)(0.0030) (0.0031) (0.0045) (0.0031) (0.0044) (0.0039)  (0.0031)  (0.0035)
-0.0002 -0.0001 —-0.0001 —0.0002 -0.0002 —-0.0002 -0.0002 -0.0001 00000 0.0000 -0.0001  -0.0002

Squared Gross capital formation gcf? 7 o * o i i * o * * **
(0.0000) (0.0000)(0.0000)(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)  (0.0000)  (0.0000)  (0.0000) (0.0000)
0.1081 0.1081 0.1039 0.1088 0.1113 0.1103 0.1023  0.1073 0.1344 0.1279 0.1042 0.0744

Openness tO tl‘ade ln(opn) cs A% %%k %%4 L *%A *%% *%% *%% A% A% *%A %%%
(0.0226) (0.0224)(0.0237)(0.0216)(0.0227) (0.0247) (0.0228) (0.0261)  (0.0358)  (0.0322)  (0.0255)  (0.0239)
. s . -0.0000 -0.0000 —-0.0000 —0.0000 -0.0000 —0.0000  0.0000 ~0-0000 0.0000  -0.0000  —0.0000 ~0-0000

Foreign direct investment fdi ) ¥ o
(0.0000) (0.0000)(0.0000)(0.0000)(0.0000) (0.0000) (0.0000) (0.0000)  (0.0000) (0.0000)  (0.0000)  (0.0000)
. -0.0712 -0.0726 -0.0738 —0.0760 -0.0664 —0.0728 -0.0861 -0.0621 00331 -0.0143 -0.0711  -0.0681

Government size In(gov) C10 * ** e ** ** ** ** * * **
(0.0290) (0.0288)(0.0282)(0.0288)(0.0330) (0.0304) (0.0359) (0.0353)  (0.0243)  (0.0151) (0.0348)  (0.0301)
Research and development In(réed) o 0.0036 0.0050 0.0018 0.0093 0.0065 0.0058 -0.0166 0.0005  -0.0155 -0.0233  0.0093  -0.0009
(0.0141) (0.0142)(0.0139)(0.0139)(0.0143) (0.0153) (0.0104) (0.0144) (0.0160) (0.0158) (0.0154) (0.0110)
-0.1759 -0.1857 -0.1961 -0.1541 —-0.2005 -0.2049 -0.1637 -0.1970 -0.2496  -0.2057 -0.3107  -0.1668

Il’lﬂation Ah‘l(Cpl) C12 ** *%A *%% *3% *% *%% *% A% A% * *%A **
(0.0659) (0.0642)(0.0700)(0.0659)(0.0785) (0.0683) (0.0789) (0.0630)  (0.0769)  (0.0983) (0.1095) (0.0722)
Human capital In(ho) o —0.0030 -0.0020 0.0008 —0.0025 0.0001 -0.0072 -0.0060 -0.0054  -0.0026 ~ 0.0014  -0.0072  0.0017
(0.0113) (0.0118)(0.0116)(0.0108)(0.0123) (0.0096) (0.0141) (0.0138)  (0.0145) (0.0127) (0.0113)  (0.0110)
. -0.1666 -0.1670 -0.1573 —0.1901 -0.1621 -0.1740 -0.1600 -0.1894 -0.2479 -0.2249 -0.1810  -0.1961

GDP per Caplta ln(Y) [:)) X% A% A% XN XX *%% A%% A A%k Ho%o% %% A
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(0.0366) (0.0369)(0.0408) (0.0430) (0.0364) (0.040) (0.0387) (0.0306) (0.0334)  (0.0362)  (0.0455)  (0.0463)
10750 10750 10560 11070 09464 0.8922 06053 12400 000 3973033850y h4
Intercept * i o
(0.9767) (0.9767)(0.9741)(0.9666) (1.0520) (0.9700) (1.0760) (1.2400) (0.9108) (0.9519)  (1.0690)  (1.0540)
Number of observations 342 342 339 342 342 332 237 294 201 166 320 312

Within R? 07538 0.7546 07537 07591 07560 0.7580 07797 07782  0.8343 08233 07504  0.7503

P D f - ional O [p-
esaran (D test for Crof;sjg]tlona dependence V[p- 1 19701 [02113][0.1999][0.2192][0.1919] [0.2052] [0.1864] [02208] [02142] [02172] [0.2207]  [0.1806]
Test for differing group intercepts @ [p-value] [<0.001] [<0.001][<0.001][<0.001][<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
Wald joint test on time dummies ® [p-value] [<0.001] [<0.001][<0.001][<0.001][<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
Hausman test @ [p-value] [<0.001] [<0.001][<0.001][<0.001][<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
Wooldridge test ® [p-value] [0.1438] [0.154] [0.1731] [0.196] [0.1472] [0.1761] [0.1432] [0.1631] [0.1509] [0.1766] [0.1824] [0.1447]

Note: O A low p-value counts against the null hypothesis: cross-sectional independence. @ A low p-value counts against the null hypothesis: the groups have a
common intercept. @ A low p-value counts against the null hypothesis: no time effects. ® A low p-value counts against the GLS estimates with random effects in
favour of LSDV. ® A low p-value counts against the null hypothesis: no first-order serial correlation in error terms. Heteroscedasticity robust standard errors are
presented in parentheses. All estimations include time- and country-fixed effects, and Huber—-White Sandwich corrections.

5, and 1 percent level, respectively.
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7

indicate significance at the 10,
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A significant effect of human capital, R&D, FDI, population density, and urbanisa-
tion level on growth is not found. In the case of human capital, the 5-year period could be
too short for capturing its effect. The same could be considered with R&D since this vari-
able is proxied, using an input approach, i.e., investment in R&D activities. The popula-
tion density and urbanisation level in EU countries did not change much during the ana-
lysed period and small variations in the variables were not captured as significant. Con-
sidering FDJ], it can be argued that the insignificance of the estimated coefficient could be
caused by the difference in the effect (some countries might experience positive and some
negative growth outcomes of FDI) and by analysing all these effects together they cancel
each other out.

Considering the infrastructure, all types of infrastructure positively correlate with
growth but not all correlations are significant. Only mobile cellular, electricity production,
and pipeline transportation infrastructure have a significant effect on growth, the first two
being significant at a marginal 10% level. The estimates show that a 1% increase in mobile
cellular subscriptions is associated with an additional 0.024% in economic growth. The
development of pipeline infrastructure (1 percent bigger network) is related to a 0.045
percent faster economic growth. One percent larger electricity production capacities boost
growth by 0.026%. Table A2 (see Appendix B) presents estimations of Equations (1) and
(2) but with a 3-year forward-looking average per capita GDP growth rate as the depend-
ent variable. The results are consistent across two alternative growth episodes, indicating,
in most cases, the positive but insignificant effects of different types of infrastructure on
growth. Two main explanations of the findings and why they at some point contradict
previous ones can be put forward here. First, previous research analysing the effects of
infrastructure on current growth rates ignores the potentially arising feedback effects. It
means that not only does infrastructure affect growth, but also growth (or lack of growth
along with expansionary government policy) creates conditions for the development of
infrastructure projects. Second, research that does not control growth factors such as gov-
ernment consumption or capital investment might create an omitted variable bias. It
means that the size of infrastructure reflects the effects of government expenditure and
capital investment.

Estimations of Equation (3) show (see Table 4) that the institutional environment
(control of corruption) has a significant effect on the growth outcomes of the electricity
production and pipeline transportation infrastructure, i.e., the estimated coefficient on the
interaction term is positive and significant. Despite the fact that sanitation facilities are not
significantly related to economic growth, the institutional environment marginally statis-
tically significantly but positively is associated with this relationship. It could be related
to the fact that this type of infrastructure is almost entirely controlled, owned, and devel-
oped by governments.
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Table 4. Fixed effect estimates of Equation (3). Dependent variable —5-year forward-looking average per capita GDP growth rate.
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. (0.0133)
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:  instce 7 (0.0116)
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L% :8 In(e_epc)x ¢ 0.0512 ***
= inst_cc (0.0154)
Institutions (Control of corruption) inst.cc  c 0.0296  0.0260 *** —-0.0193 -0.4808* 0.2950 0.0319 -0.1203 0.0399 0.0760 ***  0.1167 0.1587 ***
- (0.0383)  (0.0090) (0.0383) (0.2647) (0.5051) (0.1088) (0.0909) (0.0262) (0.0205)  (0.0813) (0.0449)
Population growth Aln(pop) @ ~1.448* 1507 ** -1428* -1349* -1286* -1.769* -1.611* -1.127* -0.6057 -1.134* ~1.249 *
(0.6570)  (0.6981) (0.6856) (0.7045) (0.7061) (0.7017) (0.8437) (0.4959) (0.3821)  (0.6227) (0.6235)
Population density Indens) 0.09164  0.1106 01097 0.0871  0.1131 0.0945 0.0520 -0.1095 -0.0824  0.0927 0.0731
(0.0836)  (0.0888) (0.0921) (0.0882) (0.0783) (0.0934) (0.0799) (0.0945) (0.0804)  (0.0876) (0.0802)
-0.3369 —0.3984
Urbanisation level ) o -0.0262  -0.0462  0.0026  0.0704  0.0025 -0.0256 -0.0946 ... - -0.0139 0.0160
(0.0875)  (0.0934) (0.0984) (0.0958) (0.0831) (0.1696) (0.1096) (0.1270) (0.1439)  (0.1079) (0.0894)
0.2172*  0.2070** 0.2027** 0.1910* 0.2063** 0.1862 0.2583 ** 0.0651  0.0367  0.3054 **  0.2306 **
Growth of the labour force Aln(lf) Cs
(0.0863)  (0.0877) (0.0835) (0.0999) (0.0979) (0.1091) (0.0939) (0.0750) (0.1070)  (0.1054) (0.0891)
. . 0.0072**  0.0068 ** 0.0075** 0.0070 ** 0.0077 ** 0.0089* 0.0061* 0.0025 -0.0017  0.0079**  0.0069 **
Gross capital formation gcf 6

(0.0030)  (0.0032) (0.0033) (0.0031) (0.0029) (0.0045) (0.0031) (0.0043) (0.0038)  (0.0033) (0.0029)
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-0.0001  -0.0001 -0.0002 -0.0001 -0.0002 -0.0002 -0.0001 00000 0.0000 -0.0002 -0.0002
Squared Gross capital formation gcf? c7 i * * * i * * * *
(0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)  (0.0000) (0.0000)
Openness to trade Inopn) < 0.1089 *** 0.1050 *** 0.1108 *** 0.1148 *** 0.1095 ***0.1039 ***0.1109 ***0.1363 *** 0.1343 ***  0.1022 ***  0.0653 ***
P P (0.0218)  (0.0242) (0.0213) (0.0248) (0.0246) (0.0233) (0.0235) (0.0353) (0.0339)  (0.0259) (0.0225)
: o : -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 0.0002 ~0-0000 0.0000 -0.0000*  —0.0000 -0.0000 ***
Foreign direct investment fdi o8 *
(0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0001) (0.0000) (0.0000) (0.0001)  (0.0000) (0.0000)
00748 -0.0735 -0.0683 -0.0711 -0.0857 -0.0663 -0.0795
Government size Ingov) < -0.0730 - . . . . -0.0601 -0.0325 -0.0155 . .
(0.0292)  (0.0267) (0.0307) (0.0336) (0.0320) (0.0379) (0.0369) (0.0238) (0.0140)  (0.0315) (0.0294)
Research and development ne&d) o 0.0055 0.0020  0.0093  0.0100  0.0059 -0.0175 0.0056 -0.0157 -0.0260*  0.0097 -0.0136
(0.0149) (0.0138) (0.0136) (0.0141) (0.0154) (0.0120) (0.0151) (0.0157 (0.0157)  (0.0156) (0.0111)
-0.1838  -0.1806 -0.1791 -0.2560 -0.1962 -0.1656 -0.2159 -0.2511 -0.2439 -0.2916 -0.1491
Il’lﬂatlon Aln(cpi) Cc12 H342% 4% *3% 4424 4424 % Ho%2% H3%2% % 4% *3%
(0.0657)  (0.0690) (0.0678) (0.0835) (0.0689) (0.0750) (0.0688) (0.0771) (0.0970)  (0.1149) (0.0700)
Fuman capital In(ho) o -0.0011  -0.0004 0.0003 -0.0013 -0.0079 -0.0062 -0.0017 -0.0025 -0.0054 —0.0100 0.0115
(0.0111)  (0.0115) (0.0117) (0.0112) (0.0095) (0.0142) (0.0145) (0.0147) (0.0121)  (0.0125) (0.0117)
-0.1662  -0.1615 -0.1841 -0.1617 -0.1767 -0.1588 -0.1894 -0.2478 -0.2255 -0.1816 -0.2351
GDP per Capita ln(Y) F) *%K *%A *%A *%% *%% *%K A% A% H%% *%K *%K
(0.0382)  (0.0418) (0.0423) (0.0380) (0.0439) (0.0409) (0.0306) (0.0321) (0.0378)  (0.0479) (0.0493)
Intercept N 1.038 1.0380  1.0440  0.8350  0.7365 0.4353 1.1350 1.6750* 4.0730*** 3.9180 *** 1.1540
(0.9949)  (0.9949) (1.0080) (1.0250) (1.0210) (0.8675) (1.4500) (0.9121) (0.9921)  (1.0560) (1.0690)
Number of observations 342 339 342 332 332 237 294 201 166 320 312
Within R? 0.7547 0.7547  0.7605  0.7606  0.7585 0.7799 0.7824 0.8352  0.8302 0.7533 0.7694
Pesaran CD test for cross-sectional
Dependence O [p-value] [0.1902] [0.1979] [0.2159] [0.1881] [0.2129] [0.18] [0.1939] [0.2375] [0.1863]  [0.2105] [0.2169]
Test for dlffergfi ilrlc;:]p intercepts [<0.001]  [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]  [<0.001] [<0.001]
Wald joint test on time dummies © [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]  [<0.001] [<0.001]
Hausman test @ [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]  [<0.001] [<0.001]
Wooldridge test © [p-value] [0.1662]  [0.1635] [0.1824] [0.1685] [0.1738] [0.1275] [0.1436] [0.1937] [0.1371]  [0.1618] [0.193]
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Note: W A low p-value counts against the null hypothesis: cross-sectional independence. @ A low p-value counts against the null hypothesis: the groups have a
common intercept. ® A low p-value counts against the null hypothesis: no time effects. @ A low p-value counts against the GLS estimates with random effects in
favour of LSDV. ® A low p-value counts against the null hypothesis: no first-order serial correlation in error terms. Heteroscedasticity robust standard errors are
presented in parentheses. All estimations include time- and country-fixed effects, and Huber—White Sandwich corrections. *, **, *** indicate significant at the 10,
5, and 1 percent level, respectively.
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Figure 1 shows that a higher control of corruption, i.e., less corruption, increases the
effects of infrastructure on growth. Moreover, a low level of control of corruption is re-
lated to still positive but insignificant growth outcomes of infrastructure. The results show
that large investment in developing electricity production and pipeline transportation in-
frastructure is justified if corruption is defeated. These results are consistent with esti-
mates using the 3-year instead of 5-year average per capita GDP growth rate (see Table
A3 in the Appendix B) and regulatory quality instead of control of corruption to proxy
government quality (see Table A4 in the Appendix B).
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Figure 1. The relationship between infrastructure and growth moderated by the quality of institu-
tions; (a) Effect of pipeline transportation infrastructure on growth; (b) Effect of electricity produc-
tion infrastructure on growth.

5. Discussion

Three variables to proxy ICT infrastructure development have been used: fixed tele-
phone subscription, fixed broadband subscription, and mobile cellular subscription (per
100 people). It was found that only mobile cellular infrastructure significantly impacts
growth. Teoder et al. [38] also estimate how different ICT technologies affect economic
growth using data from the EU-28 over 2000-2017 and found a strong positive effect. Nev-
ertheless, research [14] concludes that “the magnitude of the effect differs depending on
the type of technology examined”. The results of the estimations are close to those of Te-
oder et al. [38] as they found that the greatest positive impact on economic growth comes
from mobile cellular technologies. The fact that mobile cellular infrastructure has a great
impact on EU MS’ economic growth is not surprising. Nowadays, mobile connectivity
plays an essential role in the digital connection of people and businesses to the internet,
the cloud, and each other [49]. Mobile technologies and systems support the effective de-
livery of public services and learning opportunities for societies.

To confirm the obtained results were consistent with the actual situation and to be
more objective and form additional insights, the development of the fixed telephone, fixed
broadband, and mobile networks during 2000-2019 was analysed using World Bank data.

During the period 2000-2019, telecommunication services providers and govern-
ments of EU MS focused on developing broadband and mobile networks. In EU MS, fixed
networks were already well-developed by 2020 so the focus is not on creating new net-
works but on maintaining them. Girard & Gruber [50] noted that the peak of investment
in fixed networks in EU countries was reached during 1990-1994. In 1995, investment in
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the development of these networks by telecommunication services operators was also in-
tense. They predicted that investment during 1996-2000 would be directed to the mod-
ernization of fixed phone networks (not for the construction of new ones) and that invest-
ment in mobile networks would be equal to investment in fixed networks and in some
countries, higher. This forecast reflects the declining importance of the fixed network and
the growing importance of mobile networks.

In addition, during the analysis period, fixed-telephone subscriptions (per 100 peo-
ple) decreased in almost all EU MS (except France, Malta, Portugal, and Spain). On aver-
age, the number of subscriptions decreased by 33.22 percent. These facts justify the ob-
served statistically insignificant effects of fixed phone infrastructure on economic growth.

Broadband networks were the most intensively developed during 2000-2008. During
this period, the number of fixed-broadband subscriptions (per 100 people) grew on aver-
age by about 150 percent per year. The average growth rate over 2009-2019 slowed down
to 4.5 percent per year. Due to the slowdown in broadband development, its impact on
economic growth is becoming less significant. The results of an empirical examination
reveal this.

During the analysed period, the rate of increase in mobile-cellular subscriptions (per
100 people) in EU MS was on average 286.67 percent. This rapid, steady growth and focus
on developing mobile infrastructure networks have significantly positively impacted eco-
nomic growth. In 2000, the least-developed mobile network infrastructure was in Bulgaria
(9.23 subscriptions per 100 people), Romania (11.23 subscriptions per 100 people), and
Lithuania (14.95 subscriptions per 100 people). Therefore, during the period analysed, the
rate of mobile network infrastructure development in these countries was the highest (re-
spectively, 1159.37%, 937.11%, and 1028.21%). Bulgaria and Romania were close to the EU
average in 2019 in terms of this indicator, whereas Lithuania exceeded the average. Mean-
while, mobile infrastructure continues to develop and there are plans to develop it further
focusing on 5G networks. In Europe’s Digital Compass proposed by the EC, one of the
areas of focus is “performant and sustainable digital infrastructure” [51]. It states that “By
2030, all EU households should have gigabit connectivity and all populated areas should
be covered by 5G” [51]. It is appropriate to focus on the development of 5G networks
because the World Economic Forum [52] has discussed in detail the potential of 5G for
economic and social value. One key point is that 5G will primarily contribute to an indus-
try’s progress, although previous solutions include earlier generations of mobile technol-
ogies (WiFi, 4G) [52].

Despite the positive impact of mobile infrastructure on the economy, major invest-
ment in its development is by private entities as service providers are mostly private com-
panies. Thus, the role of the government is to provide favourable conditions for this de-
velopment. In addition, governments should continue to deploy ICT technologies in the
public sector (including education) and strengthen ICT skills. This should be enshrined in
the EC’s Digital Strategy. Europe’s Digital Compass [51] claims that by 2030, 80 percent of
the adult population will have basic digital skills and all essential public services will be
available online.

To proxy water and sanitation infrastructure, two variables have been used: the share
of the population with access to safely managed sanitation facilities and the share of the
population with access to safely managed drinking water facilities. The estimations re-
vealed a positive but not significant effect of water and sanitation infrastructure on eco-
nomic growth. These results are not comparable to any other study due to a lack of re-
search that coves EU countries. However, the results of the estimations are logical for sev-
eral reasons. First of all, most EU countries developed water and sanitation infrastructure
a long time ago and governments are prone to investing more in transport and energy
(especially renewable) infrastructure. For example, according to Our World in Data sta-
tistics, in 23 out of 28 EU countries, the share of the population with access to drinking
water facilities (safely managed) exceeded 90 percent in 2000. The growth of this indicator
during the whole analysed period was about 2.14 percentage points. The average increase



Sustainability 2022, 14, 5610

17 of 39

in the remaining five countries was about 13.50 percentage points. Only in a few countries
has the development been very intensive. In Lithuania, the share of the population with
access to drinking water facilities has grown by 27.70 percentage points and in Slovenia
by 18.11 percentage points. In these countries, the share of the population with access to
drinking water facilities has reached 94.90 and 98.27 percent, respectively. Croatia, Hun-
gary, and Romania should pay attention to water infrastructure development as they are
lagging far behind other EU MS.

The development of sanitation infrastructure is a different situation. According to
Our World in Data statistics, only in 10 EU MS does the share of the population with access
to safely managed sanitation facilities exceed 90 percent. The growth of this indicator dur-
ing the whole analysed period was about 1.18 percentage points. In the remaining 18 EU
MS, the share of the population with access to safely managed sanitation facilities ranges
from 24.69 to 86.80%, with an average rate of increase of 15.52 percentage points over the
analysed period. Thus, the overall impact on economic growth may have been statistically
insignificant due to different development intensities. However, this does not mean that
infrastructure should not be further developed. Particular attention should be paid to san-
itation infrastructure development in EU MS where the share of the population with ac-
cess to safely managed sanitation facilities in 2019 was below the EU average: Bulgaria,
Croatia, Cyprus, Check Republic, Finland, France, Ireland, Latvia, Portugal, Romania, Slo-
vakia, and Slovenia. The development of sanitation infrastructure in these countries may
be underfunded due to the poor quality of local and central governments. As mentioned
in the WaterAid report [53], governments play an essential role in improving the govern-
ance of water, sanitation, and hygiene (WASH) through better financing, planning, mon-
itoring, and coordinating of services.

Another reason the examination revealed an insignificant impact of water and sani-
tation infrastructure on growth is that the study covers all EU countries and countries’
investments in water and sanitation infrastructure differ in the total amount and the cat-
egories [54,55]. For example, in Hungary, 68 percent of water infrastructure investment is
allocated to wastewater treatment, 14 percent to water infrastructure for human consump-
tion, and 5 percent to water management and drinking water conservation. In Latvia, 99
percent of investment is allocated to water management and drinking water conservation
and 1 percent to wastewater treatment. Moreover, the results can be influenced by differ-
ent water services management systems. According to the EurEau organization [56], EU
countries use different water services management systems that can be categorized into
Direct public, Delegated public, Direct private, and Delegated private management.

One more possible reason for the estimated insignificant effect is that the study was
conducted at the country rather than the regional level. The overall water and sanitation
infrastructure development level in EU countries is high but there are significant regional
differences. Consequently, when examining the impact of water and sanitation infrastruc-
ture development at the regional level, the results may differ. Therefore, it may be worth
investigating the impact of infrastructure at the regional level in future studies.

It should be noted that the development of water and sanitation infrastructure is im-
portant not only for economic reasons but also for social reasons, as it is directly related
to life quality and health. According to the European Commission (54), “High quality
drinking water and access to sanitation are essential for our daily life and economic activ-
ities”. Moreover, the development of water and sanitation infrastructure must focus on
achieving Sustainable Development Goals by 2030: equitable and universal access to af-
fordable and safe drinking water for all; access to equitable and adequate sanitation and
hygiene; reduction of pollution to improve water quality; increased water usage effi-
ciency; integration of water resources management; and restoration and protection of wa-
ter-related ecosystems [57]. According to Water Europe [58], Europe should invest in
transformation water systems based on new concepts: Digital water, Multiple water, and
the Hybrid Grey and Green Infrastructure. The Roundtable on Financing Water meeting
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[59], organized in partnership between the European Investment Bank and the Organisa-
tion for Economic Co-operation and Development (OECD), emphasized the importance
of water and sanitation system renovation and development. One of the key messages
from this meeting was that “Investment needs for water supply and sanitation in Europe
are substantial: All member states need to scale up their expenditure by at least 20% to
reach EU water standards and there is an aggregated financing gap of EUR 289 billion up
to 2030” [59].

Five indicators for proxy physical transport infrastructure have been used: railway
tracks, roads, navigable inland waterways, and pipeline-operated (kilometres per 1000 sq.
km of land areas) and air passenger transport (passengers on board per 1000 inhabitants).
According to the estimations, only pipeline transportation has a significant impact on
growth. These results partly contradict the results obtained by Lenz et al. [31]. The authors
[31] found positive and significant GDP outcomes for the road network and negative for
railway infrastructure. Their research covers only 10 EU Member States (Central and East-
ern Europe) so it is possible that the results of the present research may differ. The Euro-
pean Commission [25] research also identified a significant positive relationship between
road and railway infrastructure using EU-28 1950-2012 data. A significant positive effect
of road and transport infrastructure on economic growth was identified by Meersman &
Nazemsadeh [28] in the case of Belgium. The results of the present research are not com-
parable with the results of other previous studies due to the usage of different indicators
to proxy transport infrastructure. For example, Carruthers [27], Kyriacou et al. [34] used
transport infrastructure investment, and Palei [26], Luz et al. [30], and Cigu et al. [29] used
the transport infrastructure index to reflect transport infrastructure development.

The assessment of the impact of road infrastructure yielded some unexpected results.
The economic benefits of road infrastructure are very widely emphasized in previous
studies. The EU MS invest in road infrastructure heavily so the insignificant impact is
unexpected. Nevertheless, it may have been left unscathed because we used the length of
the roads for the proxy development of road infrastructure. Meanwhile, part of the invest-
ment is directed to road reconstruction. Therefore, the effects of investment in road infra-
structure on growth should be examined in the future.

Meanwhile, the assessment results of the economic output of railway, waterway, and
pipeline infrastructure are not surprising.

According to Eurostat statistics, during the period analysed the length of railway
tracks increased in only a few countries (in Estonia by 43%, in Ireland by 29%). This shows
that governments invest more in reconstructing old rather than constructing new railway
infrastructure. This may have had a positive but insignificant effect on economic growth
compared to other factors. Additionally, data from some countries are not available,
which may also affect the results. Nevertheless, large-scale rail infrastructure projects may
have a significant economic growth effect in the future. For example, it is expected that
the Rail Baltic project, which covers 5 EU countries (Poland, Lithuania, Latvia, Estonia,
and, indirectly, Finland), will have a big effect on economic growth both during the con-
struction (due to job creation and employment) and the operation phase (due to increasing
the accessibility of the Baltic market and the competitiveness of trade, increasing the at-
tractiveness of foreign investment, maintaining higher productivity, and increased com-
petitiveness of the Baltic transport and logistics industry) [60]. Moreover, railway
transport is more environmentally friendly; therefore, railway infrastructure develop-
ment would contribute to achieving economic growth sustainability [31].

During the period analysed, the length of navigable inland waterways has not
changed at all in some EU MS (for example, Austria, Bulgaria, Romania, Slovakia). Small
changes appeared in Finland, Italy, Netherlands, and Poland. Research does not cover the
data from 11 EU MS due to missing observations. It is, therefore, possible that the effects
found are insignificant. Nevertheless, investment in inland waterways development and
restoration is very important since the fishing industry relies on its services; it creates
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tourism opportunities; and supports small- and medium-sized enterprises by creating
jobs [61]. Moreover, it establishes social, health, environmental, and heritage benefits [61].

After discussing the results of the study on the impact of individual modes of
transport infrastructure on growth, it is worth mentioning as other studies show that the
inequality of transport infrastructure may be one of the reasons for unbalanced economic
growth at the regional and national level due to growing agglomeration [62]. It is, there-
fore, essential to reduce regional disparities in transport infrastructure. Moreover, the eco-
nomic output of transport infrastructure development can depend on a country’s or re-
gion’s absorption capacity. Therefore, as mentioned by Chen et al. [62], transport infra-
structure development policy must be an integrated part of regional economic growth
strategy and must be focused on ensuring regional balance.

Electricity production capacities were used to proxy energy infrastructure. The esti-
mations revealed that electricity production has a significant positive effect on growth.
These results are in line with the findings of Canning & Perdoni’s [63] research conducted
using data on 67 countries during 1950-1992. It should be noted that the development of
energy infrastructure in EU countries nowadays is essential not only for economic but also
political reasons as it guarantees independence from the energy resources of other coun-
tries. Countries that have energy resources can create conditions and blackmail other
countries that depend on their energy resources, primarily when authoritarian govern-
ments pursue political goals. Therefore, EU countries must strive for energy independ-
ence from authoritarian countries even if this would harm the economy in the short term.
According to the European Commission [64], the EU must become more energy-efficient,
integrate new technologies and innovations, consistently increase renewable energy, im-
prove cross-border energy, and reduce dependence on energy imports. This has become
even more relevant in light of the current political situation in Europe (Russia’s invasion
of Ukraine). The European Commission [65] proposed a project “to make Europe inde-
pendent from Russian fossil fuels well before 2030”.

Energy infrastructure plays a pivotal role among other types of critical infrastructure
since it is a prerequisite for the operation of other infrastructure [66]. Consequently, spe-
cial attention must be paid to its development and condition. Moreover, climate change
and the prospects for achieving environmental goals depend on the energy infrastructure
used. Great attention should be paid to solar power and wind power infrastructure devel-
opment. Governments must implement renewable energy support schemes that encour-
age the private sector to invest in clean energy infrastructure. The mechanisms of renew-
able energy support policy covers feed-in tariffs and premiums, soft lean and guarantees,
investment grants, tendering schemes, tax incentives, and quota obligations [67].

The estimations also allow us to conclude that government quality influences the
growth outcomes of infrastructure development. Less corruption increases the positive
impact of infrastructure on growth. These results are in line with Kyriacou et al.’s [34]
findings. The aggregate indicator Control of Corruption shows the extent to which public
authorities seek private gain in their decision making. The value of the indicator ranges
from -2.5 to 2.5. A higher index indicates a lower level of corruption. The indicators” av-
erage value in the EU-28 was 0.98 in 2019. In 16 countries, the corruption level is below
average, i.e., the value of the indicator does not reach 0.98 (Bulgaria, Croatia, Cyprus,
Czech Republic, Greece, Hungary, Italy, Latvia, Lithuania, Malta, Poland, Portugal, Ro-
mania, Slovakia, Slovenia, and Spain). To use financial and other resources more effi-
ciently and to direct investment to the most productive projects, the level of corruption
must be reduced and government efficiency increased. According to Cigu et al. [29], some-
times government policy decisions are inappropriate and impact negatively on both soci-
ety and sustainable development. “It is required that public institutions be associated to-
wards efficiency and effectiveness” Cigu et al. [29].

In summarizing it may be noted that the research findings contradict, at some point,
previous research for the reasons discussed above. Still, differences in the results may also
arise since previous research ignores the potentially arising feedback effect. For example,
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Maparu & Mazumder [14] investigated the Granger causality between India’s transport
infrastructure development and per capita GDP growth and, in most cases, found a uni-
directional positive causality running from economic growth to transport infrastructure
(but not in the opposite direction). Moreover, if the research does not control growth fac-
tors such as government consumption or capital investment, the results might be affected
by an omitted variable bias.

The study contributes to previous research with new results and insights, providing
direction for policy implications. Nevertheless, before formulating more concrete policy
implications for infrastructure development, further research must solve the main limita-
tions of the study —an examination could be conducted at the regional level. The study
assesses the impact of core infrastructure only on economic growth but it is also valuable
to evaluate its convergence outcomes.

6. Conclusions

Previous studies analysing the impact of infrastructure on economic growth in EU
countries have raised questions about the kind of effects of a particular type of core infra-
structure and the factors that cause heterogeneous estimation results across countries.
This research using data on EU-28 countries during 2000-2019, examines the growth out-
comes of ICT, transport, energy, and water and sanitation infrastructure using different
variables to proxy infrastructure and found that all types of infrastructure positively in-
fluence economic growth but in most cases insignificantly.

Only mobile cellular, electricity production, and pipeline transport infrastructure sig-
nificantly affect economic growth. Other variables (fixed-telephone subscription, fixed-
broadband subscription; and railway tracks, roads, navigable inland waterways, and
pipeline-operated and air passenger transport) that proxy ICT and transport infrastruc-
ture development do not contribute to the EU MS’ economic growth. Water and sanitation
infrastructure development also do not significantly contribute to the EU MS’ economic
growth. Nevertheless, this does not mean that these types of infrastructure should not be
developed in the future. Croatia, Hungary, and Romania should invest in developing san-
itation infrastructure to reach the EU MS average. Large-scale rail infrastructure projects
(for example, Real Baltic) may have a significant economic growth effect in the future so
they should be further developed to ensure the effectiveness of their implementation. The
development and restoration of inland waterways are also important for economic, social,
and environmental reasons. However, governments making decisions to ensure economic
growth need to assess which investments will have the biggest positive effects on growth
and which investments will not significantly contribute to growth but will bring social
and environmental benefits. Governments need to find a balance between economic, so-
cial, and environmental goals.

The institutional environment, i.e., less corruption, has a considerable positive effect
on the growth outcomes of electricity production and pipeline transport infrastructure. A
comparative analysis of the EU MS situation according to the level of corruption revealed
that special attention should be paid to the control of corruption in Bulgaria, Croatia, Cy-
prus, Czech Republic, Greece, Hungary, Italy, Latvia, Lithuania, Malta, Poland, Portugal,
Romania, Slovakia, Slovenia, and Spain. It would ensure a more efficient allocation and
implementation of investment for infrastructure development.
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Appendix A

Table A1. Results of analysis of previous studies on infrastructure development effects.

Research _'. Unitsand Methods Infrastructure Vari- Outcome .
b red Level Applied able Variable Main Results
y Period PP
Transport infrastructure impact
38 Sub-Sa-
Pooled OLS GDP
1980— haran Af- **OO ¢ . Length of paved o per ., o
Boopen [1] . , FE*, RE .. capita based Positive, significant.
2000 rican road in kilometres
, > n PPP
countries
FE % RE %
1993—- China 29 ’ Local TI capital
Zhang [6] a7 ith spatial ocal 1T captia GDP Positive, significant.
2004 provinces ) stock
matrix
Land transport in- Strong positive, significant impact of
Hong et al. 1998 31 Chi- E* RE* dex, . GDP per land transport. Positive_ significant of
[7] 2007 nese prov- OLS ** Air transport index, capita water transport after the investments ex-
i Water transport in- P ceeds a threshold level. Weak impact of
dex airway transport.
Kilometres of motor-
Crescenzi EU-15, Two-way FE ways (per land area, Positive, small, and middle significant.
& 1990- NUTS1 ** and GMM per thousand inhab- GDP per Depends on socio-economic conditions,
Rodriguez- 2004 and **-diff re- itants, per capita innovation capacity and capacity to at-
Pose [32] NUTS2  gressions million Euro of tract migrants.
GDP)
At national level: unidirectional Granger
China  Linear re- causality from (?conomic growth to
rovinces  eression transport infrastructure;
Yu et al. [8] 1978- é clusters %Srangerl Transport invest- CDP At Fhe .regional level: bic.lirectional cau-
2008 . . ment sality in the eastern region, and unidi-
according causality . .
rectional causality from
to GDP) test . .
economic growth to transport infrastruc-
ture in central and western regions.
Pradhan & Granger Length of road and Bidirection.al causality between road
. 1970~ . causality . transportation and economic growth.
Badgchi India rail GDP e . .
2010 test, VECM Lo Unidirectional causality from rail trans-
[12] in kilometres . .
** portation to economic growth.
20 years . GDP per
Cost-benefit, . e .
Carruthers (not EU27 (4 osThenet . capita, trade  Positive impact both on economic
. . elasticity TIinvestments o
[27] speci- scenario) analysis balance as % growth and trade balance.

fied)

of GDP
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Capital stock of
t tati - Lab
Farhadi 1870- 18 OECD FE **, FGLS ranssz‘ead 1];); pro procilau((:)’clil\fity Positive, significant, but not substantial
2 tries **, GMM ** i t on LP and TFP.
[33] 009 countries **, G the government asa (LP), TFP impact on LP an
share of GDP
Luzetal. 2010- 10coun- Linearre- LPI*as transportin- GDP, GDP Insignificant on GPD; positive, signifi-
[30] 2014 tries gression  frastructure index per capita cant on GDP per capita.
Meer&iman 1979— The total length of CDP
Belgium LA-VAR*  theroad and rail . Positive, significant.
Nazemza- 2013 network per capita
deh [28]
9 indicators: Total
Transport Expendi- Positive, significant in long run.
M & GDP
APATH 1990 . VAR **,  ture, Railway Den- ~ P" Unidirectional causality from economic
Mazumder India . capita, ur- .
2011 VECM ** sity, . development to transport infrastructure
[14] ) banisation .
Total Road Density, in most of the cases.
etc.
Ciguetal. 2000- EU-28 Pooled OLS The in'dex of GPP per  Positive, significe}nt even after institu-
129] 2014 countries ** RE **, FE transport infrastruc- capita based tional
** ture status on PPP and other factors are controlled for.
Length of total rail-
CEE* Pooled OLs ~cn8th ot totalrai L .
Lenz etal. 1995- ways (km), length of Positive, significant, except negative im-
Member **, FE **, RE GDP , )
[31] 2016 total road network pact of railway infrastructure.
States *
(km)
MENA*
Saidi et al. 2000- tri Kilomet froads GDP
acieta COUMHIES  Gvam #+ Hometres o7 roads Per Positive, significant in all regions.
[4] 2016 (3 sub- per capita capita
groups)
DEA **, Re- - L
Kyriacou et 1996— 34 coun- e . . Positive, significant.
) gression TT investment TI index .
al. [34] 2010 tries . Depends on government quality.
analysis
The length of the
) ]
Batool & 1973 . VAC**, paved road an'd rails GDP, GDP N o .
Goldmann Pakistan =~ VAR**  network, public and . Positive, significant in long-run.
2014 . . per capita
[16] models private capital stock
in transport
Roads and motor-
El Turk Regional
burz& =y T ) e SDM way infrastructure o810 o
Cubukcu 26 NUTS GDP per Positive, significant.
2014 . * length (km) per cap- .
[17] 2 regions ita capita
E dit
Muvawala 1983— Usanda ARDL ** Tra:speollt ;I?fizs(’)c?uc GDP Positive significant in long run, but neg-
etal. [18] 2018 & model p ture Growth Rate ative significant in short run
Industrial agglomer-
China’s 30 ation index, high- Energy con-
Wang et al. 2000~ provin- Threshold way density (length  sump-  Positive, significant only when a certain
[11] 2017  cial-level panel model of highway route  tion/GDP; threshold is exceeded.
regions relative to physical =~ TFEE*

space)
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42 BRI

Wang et al. 2007-

countries SA ** tests, The railway network

Positive, significant at the national level.

GDP per Negative, significant at regional level in
22] 2016 divide in SLM **, SEM density, the road a iI: a East Asia-Central Asia. Positive, signifi-
to5re- **, SDM**  network density P cant at regional level in Central and
gions Eastern Europe.
ICT infrastructre impact
Madden & 1990 Share of telecommu- - Real GDP L
27 CEE*  OLS*™ nications investment per capita Positive, significant.
Savage [35] 1995 .
in GDP growth rate
GDP per
Positi t d significant in th
Pohjola  1980- 39 coun- . Ratio of spending onworking age OSIHVE, SIONg, and signficantin e
. Regression . . smaller sample of the developed
[36] 1995 tries IT to nominal GDP population .
. (OECD) countries.
in PPP
Datta & Real GDP
atta 980- Dynamic FE Access lines per 100 caloh Positive, significant after controlling for
Agarwal 22 OECD . . per capita
1992 * inhabitants a number of other factors.
[37] growth rate
Telephones per 100
Srldsh: “ 1990- 63 coun }ﬁ?ffﬁ}inzﬁl Real GDP,
. — - ey - LRl . ..
Sridhar, V. 2001 tries 3SLS tion, telephone reve- Real GI?P Positive, significant.
. per capita
[23] nue per user, invest-
ments, etc.
All Sub-
Donou- 1993 Saha;lan FE **,2SLS Internet usage and  GDP per
Adonsou et . **, IV-GMM Mobile phone sub- capita Positive, significant.
2012 Africa -
al. [3] . * scriptions growth rate
countries

VECM **,

Pradhan et 2001-
al. [68] 2012

G-20
countries

Broadband users

and Internet users in GDP per
causality = percentage of total

test population

Positive, significant.
Granger causality relationship among
per capita economic growth, ICT infra-
structure and other factors.

Granger

capita

Toader et
al. [38]

2000-

2017 EU-28

Fixed-broadband
subscriptions per
100 inhabitants, the
percentage of house-
holds with a broad-
band Internet con-
nection, percentage
of individuals using
the Internet; mobile
cellular subscrip-
tions (per 100 peo-
ple)

GDP per

capita in
market
prices

GMM *¥,

Positive, significant.
OLS 3% g

40 Sub-Sa-
2006— haran Af-
2015 rica (SSA)
countries

Haftu [5]

Two-step

GMM **

The percentage of
individuals using
the Internet,
cellular telephone
subscription per 100
inhabitants

Mobile phone penetration has positive
significant impact on growth; Internet
has not contributed to the per capita
GDP.

GDP per
system

capita

Untari, Pri- 2011- Indonesia
yarsono & 2016 provinces

TSLS **

Cellular telephones, Regional Physical infrastructure indicators have a

Internet accessibility, GDP, Gini positive, significant impact on economic
number of BTS, and coefficient growth. Government spending on ICTs
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Noviani government ICT ex- do not significantly impact economic
[19] penditure growth and income inequality.
Fixed-Teleph
xecrieepiions (i) FTS, MCS have significant non-linear
Subscriptions (FT5), impact on economic growth in develop-
5 devel- Mobile Cellular Sub- ?n and develo edg countries (TKR g
Maneejuk oped and  TKR** scriptions (MCS),  Real GDP & .. P
1995- ) ... model); (ii) FTS, MCS and FBS have pos-
& Yamaka 5 develop- model, PKR Fixed-Broadband per capitain . . .
2017 . itive direct impact on growth in devel-
[24] ing coun- **model Subscriptions (FBS), PPP* .
. . oped countries (PKR model); (iii) FTS,
tries Percentage of Indi- ) )
. . MCS have a non-linear impact on
viduals using the In- rowth in developing countries
ternet (PUI) & pmng '
Nair, Pra- .. ... . .
1961- 36 OECD Composite index of Real GDP Positive, significant in the long-run and
dhan & 2018 countries VECM™ ICT er capita in the short run
Arvin [39] p P ’
Kallal, Tunisia, . . C g ..
.. - ICT diffusion index Real value- Significant, positive long-term effect and
Haddaji & sectoral ~ARDL ** .
.. 2015 (ICTD) added negative short-term effect.
Ftiti [20] level
Energy infrastructure impact
30 re- The energy infrastructure investment in-
ional A tofi t- d the final d d of other re-
Lin & Chiu 2016 8iona / Leontief Lo AAmount of inves regional creased the final demand of other re
provincial ment in the energy lated manufacturing sectors, whose ser-
[9] 2020 . model . GDP . . .
level in industry vices were required for the completion
China of infrastructure construction.
[ e el v,
Yang etal. 2000- 2 Index (ECI), power Real GDP 5'OW 1 EBAUVEY, U vestme
29 prov- GMM ** . .. generate higher marginal benefits for the
[10] 2014 . grid infrastructure  per capita .
inces . less developed inland
(PGI) investments
areas than the developed coastal areas.
Mixed (severel types) infrastructure impact
The Aggregate Index
of Infrastructure
Stocks, Positive, significant impact of infrastruc-
GDP per . .
. Macro, The Aggregate Index . . ture on economic growth in long-run.
Calderén & 1960- capita, Gini . 2. .
. 121 coun- GMM ** of Infrastructure - Robust negative, significant impact of
Servén [69] 2000 . . Coefficient i .
tries Quality. infrastructure quantity and quality on
Covers transport, income inequality.
ICT, and energy in-
frastructure.
ADF * test Paved roads per Positive, significant in the vast majority
Canning & " capita, Electricity of cases in long run. Results vary across
. 1950- 67 coun- Granger : : GDPper . .. . . .
Pedroni . . generating capacity . individual countries. In some countries
1992 tries causality . capita . . .
[52] test per capita, Tele- infrastructure is under-supplied and
phones per capita. over-supplied in others.
VAR **
South Af- model,  Government infra- Strong bidirectional Granger causality
Kumo [2] rica, coun- Granger structure investment GDP between economic infrastructure invest-
2009 . .
try level  causality and GDP ratio ment and GDP growth.
tests
Pakistan Infrastructure Devel-
A 1971- ’
wand 19 country ARDL**  opment Index. Co- GDP Positive, significant.
Anum [15] 2013
level vers transport, ICT,
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and energy infra-

structure.
. Infrastructure provi-
Full Modi- . .
. sion per capita (kilo-
fied
Furopean OLS ** and metres of roads and
pe: 1950- Macro, . railway lines; GDP per ., o
Commis- 2012 EU-28 Dynamic megawatt of electri capita Positive, significant.
sion [25] OLS ** esti- & p
. cal
mations, FE . .
. capacity (electricity)
per million people
124 Regression Global
Palei [26] 2012 & Infrastructure index competitive- Positive, significant.

countries  analysis

ness index

An aggregate infra-

Indian  Fully modi- X
structure index (co-

manufac- fied OLS **,

Mitraetal. 1994- turing panelcointe-

and energy infra-

vers transport, ICT, TFP* and

Positive, significant. Stronger impact in
industries which are more exposed to

technical ef- foreign competition (Textile, Transport

13 2010 tor (8 ti d
[13] sector (8 grationan structure). ficiency (TE) Equipment, Chemicals, Metal & Metal
indus- System ICT infrastructure Products)
tries) GMM ** . ’
index
Electric power Con-
sumption (kWh per
capita), Fixed tele- Panel data results: (i) positive, signifi-
Apurv& 1980- BRICS OLS*, FE phone cant impact of energy infrastructure on
Uzma[70] 2017 Countries ** RE,** subscriptions, GDP economic growth; (ii) negative, signifi-
’ Raillines cant impact telecommunication infra-
(total route, km), structure on economic growth.
Agricultural irri-
gated land
19 Asian Positive, significant. Road infrastructure
tries, . i i tant for low technol -
Arifetal. 2006 o e Fully modi- Telecom, road, and 15 TOTE ImpoTiaftt Tor oW Fechnorogy
16 manu- . TFP* intensive industries, whereas power in-
[21] 2016 ) fied OLS ** power infrastructure . . .
facturing frastructure is crucial for high technol-
industries

ogy-intensive industries.

* explanation abbreviations: CEE —Central and Eastern European, LPI—logistic performance index,
MENA —the Middle East and North Africa, PPP—purchasing power parity, TFEE—total factor en-
ergy efficiency, TFP—total factor productivity. ** explanation methods used abbreviations: ARDL
model—Auto Regressive Distributed Lag model, DEA —Data Envelopment Analysis, FGLS —feasi-
ble generalised (weighted) least squares, FE—Fixed Effect, GMM —Generalised Method of Mo-
ments, [IV-GMM —instrumental variable-generalised method of moments, LA-VAR—the lag-aug-
mented vector-auto- regression, OLS—Ordinary Least Square, PKP —Panel kink regression model,
RE—Random Effects, SA—Spatial autocorrelation, SDM —spatial Durbin model, SEM —spatial er-
ror model, SLM —spatial lag model, TKR—Time-series kink regression model, TSLS—Two Stages
Least Square, VECM — Vector Error Correction Model.
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Appendix B
Table A2. Fixed effect estimates of Equations (1) and (2). Dependent variable —the 3-year forward-looking average per capita GDP growth rate.
(24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35)
g 0.0009
_§ Fixed telephone In(ict_ft) (0.0046)
i= 0.0034
é Fixed broadband  In(ict_fb) (0.0029)
5 0.0260 *
E) Mobile cellular  In(ict_mc) (0.0151)
- 0.0425
- § é Sanitation facilities In(ws_sf) (0.0561)
o L = 1
Z < 2 Drinking water fa- 0.0083
% = cilities In(ws_dwi) (0.0335)
3 , 0.0027
-g o Railways In(t_rw) y (0.0149)
2 B 0.0019
g E Road Int '
£ g oads n(t_r) (0.0073)
o g 0.0052
S E Inland waterways  In(t_ww) (0.0171)
5 0.0237 ***
9_4 . .
é Pipelines In(t_pl) (0.0050)
—
0.0116
= Air transport In(t_ap) (0.0074)
- 0.0145 **
q;» Electricity In(e_epc) (0.0072)
a5]
0.0122* 0.0120 ** 0.0104 * 0.0130 ** 0.0122 ** 0.0109 ** 0.0104 0.0126 ** 0.0120 0.0205*** 0.0184 0.0151
Institutions (Control of corruption) inst_cc c — —

(0.0060) (0.0060) (0.0055) (0.0055) (0.0060)

(0.0055) (0.0094) (0.0061) (0.0092) (0.0055) (0.0051) (0.0058)
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. -0.9613 -0.9570 -1.0570* -0.9655 -0.9665 -0.8976 -1.0780 -1.0570 -0.1386 -0.0847 -1.0420* -1.0910*
Population growth Aln(pop) @ " 5851) (0.5857) (0.6124) (0.5879) (0.5921) (0.5902) (0.7675) (0.7102) (0.2284) (0.2528) (0.6275) (0.6325)
0.0598 0.0601 0.0599 0.0648 0.0604 0.0651 0.0436 0.0261 -0.1598 -0.0608 -0.0008 0.0308
Population density In(dens) =
(0.0832) (0.0837) (0.0835) (0.0845) (0.0836) (0.0856) (0.0924) (0.0812) (0.0398) (0.0436) (0.0749) (0.0848)
o 0.0250  0.0237 0.0019 0.0317 0.0118 0.0503 0.1071 -0.0067 -0.1299 -0.0266 -0.0007 0.0248
Urbanisation level Inurb) e "00746) (0.0730) (0.0756) (0.0738) (0.0688) (0.0720 (0.1016) (0.0812) (0.0758) (0.0916) (0.0659) (0.0732)
0.1963 0.1959 0.1952 0.1926 02003 0.1930 0.1772 0.1938 0.09386 0.1265  0.1816 0.1686
Growth Of the ]abour force Aln(]f) cs HAK HE% H% b b K% *% E *% E *% b
(0.0531) (0.0523) (0.0538) (0.0546) (0.0560) (0.0543) (0.0715) (0.0608) (0.0382) (0.0463) (0.0735) (0.0557)
. . 0.0042 ** 0.0042 ** 0.0034* 0.0043 ** 0.0042 ** 0.0042 ** 0.0049 0.0030* 0.0018  0.0000 0.0038 ** 0.0035
Gross capital formation gef € (0.0019) (0.0019) (0.0018) (0.0020) (0.0019) (0.0019) (0.0031) (0.0018) (0.0026) (0.0024) (0.0019) (0.0023)
-0.0001 -0.0001 =-0.0000 =-0.0001 =-0.0001 -0.0001 -0.0001 -0.0000 -0.0000 -0.0000 -0.0001 -0.0000
Squared Gross capital formation gcf? c7 - - ** - - - - ** = -
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
0.0597 0.0597 0.0525 0.0599 0.0589 0.0584 0.0630 0.0594 0.0616 0.0693** 0.0517 0.0517
Openness tO trade ]n(opn) cs Edx H% H%% Edxd Ed *%H H%H b b b b
(0.0164) (0.0164) (0.0153) (0.0165) (0.0157) (0.0176) (0.0183) (0.0156) (0.0178) (0.0204) (0.0167) (0.0187)
-0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 0.0000 -0.0000 -0.0000 -0.0003 -0.0000 -0.0000
Foreign direct investment fdi I ** o -
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
-0.0235* -0.0234 -0.0270 -0.0247 -0.0248* -0.0251 -0.0288 -0.0134 -0.0083  0.0016 -0.0225 -0.0173
Government size In(gov) cwo ™ ** ** ™
(0.0120) (0.0118) (0.0109) (0.0122) (0.0139) (0.0117) (0.0203) (0.0160) (0.0178) (0.0159) (0.0136) (0.0124)
-0.0029 -0.0031 -0.0052 -0.0015 -0.0037 -0.0013 -0.0160* -0.0033 -0.0051 -0.0144 -0.0019 -0.0098
Research and development In(r&d) e "50119) (0.0120) (0.0118) (0.0123) (0.0130) (0.0130) (0.0081) (0.0111) (0.0094) (0.0107) (0.0132) (0.0079)
, _ 0.0076  0.0087 -0.0137 0.0130 0.0138 -0.0149 0.0143 -0.0186 -0.0644 -0.0230 0.0464 -0.0055
Inflation Aln(cp) 2 "0 0436) (0.0445) (0.0462) (0.0413) (0.0534) (0.0488) (0.0457) (0.0391) (0.0454) (0.0392) (0.0761) (0.0489)
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_ 0.0076  0.0075 0.0126 0.0077 0.0068 0.0043 0.0042 0.0071 0.0060  0.0090  0.0080 0.0027
Human capital Inthe) @3 "0.0096) (0.0097) (0.0101) (0.0095) (0.0109) (0.0087) (0.0133) (0.0113) (0.0113) (0.0079) (0.0102) (0.0097)
-0.1267 -0.1267 -0.1187 -0.1325 -0.1279 -0.1313 -0.1166 -0.1469 -0.1889 -0.1570 -0.1222 -0.1363

GDP per capita ln(Y) [3 Lt *%% *%N L L %% %% L A% L L L
(0.0292) (0.0293) (0.0323) (0.0329) (0.0272) (0.0302) (0.0348) (0.0247) (0.0214) (0.0167) (0.0326) (0.0349)

0.6846 0.6846 0.6867 0.7745 0.6528 0.7309 04192 04118 11510 29360  1.6920 1.1710

Intercept a =

(0.9196) (0.9196) (0.9181) (0.9107) (0.9284) (0.8402) (1.018) (1.095) (0.8505) (0.5449) (0.5360) (0.7877)

Number of observations 342 342 339 342 342 332 237 294 201 166 320 312

Within R2 0.7854 0.7854 0.7869 0.7861 0.7857 0.7904 0.8004 0.8204 0.8708  0.8683  0.7734 0.7884

Pesaran CD test for cross-sectional dependence @ [p-

value] [0.213] [0.1969] [0.2122] [0.211] [0.2154] [0.1967] [0.1998] [0.2004] [0.1884] [0.222] [0.2212] [0.1734]
Test for differing group intercepts @ [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
Wald joint test on time dummies @ [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
Hausman test @ [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
Wooldridge test ® [p-value] [0.1717] [0.1532] [0.1593] [0.1667] [0.1573] [0.1673] [0.1625] [0.1756] [0.1414] [0.198] [0.1779] [0.1538]

Note: W A low p-value counts against the null hypothesis: cross-sectional independence. @ A low p-value counts against the null hypothesis: the groups have a
common intercept. ® A low p-value counts against the null hypothesis: no time effects. ® A low p-value counts against the GLS estimates with random effects in
favour of LSDV. ® A low p-value counts against the null hypothesis: no first-order serial correlation in error terms. Heteroscedasticity robust standard errors are

5, and 1 percent level, respectively.

presented in parentheses. All estimations include time- and country-fixed effects, and Huber—White Sandwich corrections. *, **

Table A3. Fixed effect estimates of Equation (3). Dependent variable —the 3-year forward-looking average per capita GDP growth rate.

, ™* indicate significant at the 10,

(36) (37) (38) (39) (40) 1) 42) 43) (44) 45) (46)
= g R In(ict_ft) v DL
2 E S g - (0.0138)
E 2 é E ] e 0.0065
‘*E é % i n(ict_ft)x inst_cc ) (0.0070)
2 5 E Y . 0.0034
“ = E£24 nlictfb) Y (0.0029)
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0.0004
In(ict_fb)x inst_cc (0.0015)
; 0.02256
;’ In(ict_mc) -
5 (0.0040)
% 0.0087
S In(ict_moy<inst_cc (0.0059)
% 0.0028
i g . In(ws_sf) (0.0360)
g .g 2 ' 0.0243
g ;;)Ec In(ws_sf)x inst_cc (0.0617)
e ~
§ & " In(ws_dwf) e
5 ED :f;’ _ (0.0667)
2 E § 0.0135
.;g * In(ws_dwf)x inst_cc (0.0984)
0.0164
; § In(t_rw) (0.0304)
§ E In(t_rw)x inst_cc o
E _ _ (0.0182)
g 0.0018
£ 2 In(t_r) (0.0088)
% é 0.0002
= In(t_r)x inst_cc (0.0094)
P E = - 0.0117
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(0.0154)
0.0012
In(t_ww)x inst_cc () (0.0073)
0.0154 **
In(t_pl
& n(tph Y (0.0064)
£ 0.0192 **
~ In(t_pl)x inst_cc @ 0.0072)
o 0.0059
o) In(t
5 n(t_ap) Y (0.0095)
g 0.0090
= In(t_ap)x inst_cc o) (0.0093)
0.0423 ***
2 1
2 = n(e_epo) Y (0.0114)
= =
£ E 0.0335 ***
5 In(e_epc)x inst_cc () 0.0114)
0.0354  0.0091  0.0074 -0.0997 0.0722 0.0510 0.0114 0.0516 0.0404** 0.0877  0.1067 ***
Institutions (Control of . -
i inst_cc C1
corruption) (0.0270)  (0.0071)  (0.0337) (0.2802) (0.4475) (0.0812) (0.0649) (0.0166) (0.0146)  (0.0705)  (0.0334)
. -0.9488 -1.0530* -0.9655 -0.9132 -0.8908 -1.076 -1.0570 -0.0743 -0.1499 -0.9161* -0.8158
Population growth Aln(pop) 2 (0.5802)  (0.6105)  (0.5911) (0.5874) (0.6150) (0.7778) (0.7048) (0.2087) (0.2597)  (0.5365)  (0.5364)
0.0616 00571  0.0644 0.0575 0.0664 0.0553 0.0261 -0.1542 -0.0550 -0.0065  0.0451
Population density In(dens) s -
(0.0838)  (0.0804)  (0.0861) (0.0866) (0.0823) (0.0888) (0.0818) (0.0346) (0.0417) (0.0721)  (0.0830)
0.0144  0.0008  0.0331  0.0413 0.0515 0.1317 -0.0068 -0.1850 -0.0658  0.0169  0.0450
Urbanisation level In(urb) 4 *

(0.0744)  (0.0741)  (0.0718) (0.0689) (0.0688) (0.1163) (0.0838) (0.0779) (0.0921)  (0.0723)  (0.0801)
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0.1910 *** 0.1963 *** 0.1929 ** 0.1942 0.1924 0.1790** 0.1940 0.1055** 0.1285*** (0.1831 ** 0.1713 ***

Growth of the labour Aln (1 f) . Fkot Fkot *kok
force (0.0499)  (0.0549)  (0.0543) (0.0564) (0.0545) (0.0738) (0.0583) (0.0375) (0.0477) (0.0740)  (0.0523)
. _ 0.0042**  0.0033* 0.0043** 0.0039* 0.0042* 0.0045 0.0030* 0.0017 -0.0005 0.0044 **  0.0027
Gross capital formation gef co (0.0019)  (0.0018)  (0.0020) (0.0019) (0.0017) (0.0029) (0.0018) (0.0024) (0.0024)  (0.0020)  (0.0018)
Squared Gross capital for- -0.0001  -0.0000  -0.0001 -0.0001 -0.0001 -0.0001* -0.0000 -0.0000 -0.0000  -0.0001 -0.0000 **
mation ngZ o EETS 3k ok % o *5% ook

(0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)  (0.0000)  (0.0000)
0.0620 *** 0.0523 ** 0.0601 ** 0.0588 0.0583 0.0667 0.0594 0.0651 0.0719 *** 0.0502 *** 0.0457 **

43434 43434 H3%3% Ho4o% $3%%

Openness to trade In(opn) s
(0.0165)  (0.0151)  (0.0159) (0.0164) (0.0179) (0.0168) (0.0152) (0.0187) (0.0205)  (0.0161)  (0.0171)
-0.0000  -0.0000  -0.0000 -0.0000 -0.0000 0.0000 -0.0000 -0.0000 -0.0003 -0.0000  —0.0000
Foreign direct investment fdi C9 - o -
(0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)  (0.0000)  (0.0000)
‘ -0.0244* -0.0268 ** -0.0244* -0.0246 * —0.0248 * -0.0278 -0.0134 -0.0072 0.0011  -0.0188 -0.0247*
Government size In(gov) clo (0.0119)  (0.0110)  (0.0126) (0.0140) (0.0131) (0.0223) (0.0163) (0.0182) (0.0162)  (0.0133)  (0.0127)
Research and develop- e -0.0018  -0.0053  -0.0015 -0.0011 -0.0013 -0.0181* -0.0033 -0.0055 -0.0156 -0.0015 -0.0181**
ment n(ré&d) cn (0.0121)  (0.0119)  (0.0122) (0.0133) (0.0130) (0.0091) (0.0118) (0.0092) (0.0106)  (0.0131)  (0.0078)
. . 0.0139  -0.0163  0.0097 -0.0119 -0.0130 0.0102 -0.0188 -0.0671 -0.0389  0.0609  0.0061
Inflation Aln(cpi) e (0.0463)  (0.0438)  (0.0473) (0.0601) (0.0499) (0.0409) (0.0424) (0.0459) (0.0443)  (0.0806)  (0.0479)
. 0.0098 00128  0.0081  0.0035 0.0042 0.0038 0.0071 0.0063  0.0062  0.0059  0.0091
Human capital In(hc) €13 (0.0104)  (0.0101)  (0.0103) (0.0110) (0.0088) (0.0133) (0.0120) (0.0112) (0.0081)  (0.0109)  (0.0100)
-0.1246  -0.1180 -0.1317 -0.1274 -0.1319 -0.1139 -0.1469 -0.1889 -0.1573 -0.1227  -0.1617
GDP per capita ll’l(Y) [3 b XN XN XN XN XN XN b b b XN
(0.0304)  (0.0326)  (0.0315) (0.0285) (0.0327) (0.0349) (0.0247) (0.0194) (0.0185) (0.0322)  (0.0308)
0.6379  0.6379  0.7850  0.6380 0.6340 0.3817 0.1719 1.1520 3.1240 ** 1.8500 ***  1.1290
Intercept ot

(0.9413) (0.9413) (0.8958) (0.8968) (0.8677) (0.9015) (1.1740) (0.8632) (0.4747) (0.5711)  (0.8060)
Number of observations 342 339 342 332 332 237 294 201 166 320 312
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Within R? 07866 07869 07861 07896 07905 0.8017 0.8204 08772 0.8707 07770  0.8043
- 1 (1) -

Pesaran CD test for Croiselif;tlonal dependence Mlp- 10161 [01748] [0.2423] [0.1981] [0.2106] [0.1955] [02109] [0.2252] [0.1825] [0192]  [0.1976]
Test for differing group intercepts @ [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
Wald joint test on time dummies @ [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]

Hausman test @ [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
Wooldridge test ® [p-value] [0.1705] [0.1523] [0.1963] [0.1578] [0.1783] [0.1552] [0.1536] [0.1986] [0.1532] [0.1357] [0.1491]

Note: W A low p-value counts against the null hypothesis: cross-sectional independence. @ A low p-value counts against the null hypothesis: the groups have a
common intercept. ® A low p-value counts against the null hypothesis: no time effects. @ A low p-value counts against the GLS estimates with random effects in
favour of LSDV. ® A low p-value counts against the null hypothesis: no first-order serial correlation in error terms. Heteroscedasticity robust standard errors are
presented in parentheses. All estimations include time- and country-fixed effects, and Huber-White Sandwich corrections. *, **, *** indicate significant at the 10,
5, and 1 percent level, respectively.

Table A4. Fixed-effect estimates of Equation (3). Dependent variable— the 5-year forward-looking average per capita GDP growth rate. Regulatory quality is
used as a proxy for institutional quality.

47) (48) 49) (50) (51) (52) (53) (54) (55) (56) (57)
. | ; 0.0325
- ict_ft
T 2 n(ict_ft) (0.0333)
o 9
¢ 5 0.0188
& .
g - 0.0025
) In(ict_fb
E E g nict_fb) (0.0034)
O = Q %
g < 2 8 0.0021
[75) - "3 . i
g & & In(ict_fb)x inst_rq 0.0027)
g
> = 5 0.3764 **
S = In(ict_mc)
o 3 (0.1577)
% 0.3308 *
o In(ict_mc)x inst_r
= d (0.1755)
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In(t_pl)x inst_rq

% 0.0608
i g . In(ws_sf) (0.0481)
2 g 2 | 0.0289
é E In(ws_sf)x inst_rq (0.0223)
:% % ® In(ws_dwf) o
% bgo % _ (0.0136)
=z ,_\45 :?é 0.0129
E e In(ws_dwf)x inst_rq (0.0111)
0.0378
% In(t_rw) (0.0304)
% 0.0186
~ In(t_rw)x inst_rq (0.0183)
0.0259
P In(t_r) (0.0240)
é 0.0133
*é In(t_r)x inst_rq (0.0102)
§ ; 0.0361
= .i§ . In(t_ww) (0.0445)
g g 0.0089
& In(t_ww)x inst_rq (0.0242)
0.0541 ***
é In(t_pl) (0.0131)
E 0.0283 **
&

(0.0111)
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N 0.0034
% In(t_ap) Y (0.0133)
£ 0.0024
S .
g In(t_ap)x inst_rq ¢ (0.0119)
0.1426 ***
2 1
. Z n(e_epc) Y (0.0349)
= =)
:ﬁ) E 0.1057 ***
3 In(e_epc)x inst_rq ¢ (0.0314)

Institutions (Regulatory 0.0465  0.0242 ***  0.0432 0.4437 *** 1.696** 0.0950 0.1096 0.0216 0.0579 ** 0.0410 0.0937

inst
Quality) nstrq ¢ T (00714)  (0.0078) (0.0549) (0.1355) (0.7200) (0.0757) (0.0720) (0.0577) (0.0233) (0.0919) (0.0662)
“14100* -14700* -1.3860* -1.2210* -1.2810* -1.8640 -1.6230 -1.2210 -0.4674 -1.2530 -1.600**
Population growth Aln(pop) C ~ ~ -

(0.6998)  (0.7174)  (0.6923)  (0.6253) (0.6691) (0.7228) (0.8077) (0.4958) (0.3981) (0.7398) (0.6899)

_ _ 01142 01275  0.1355  0.0768 0.1164* 0.0946 0.0824 -0.1094 -0.0822 0.1431  0.0723
Population density In(dens) S (0.0798)  (0.0823)  (0.0862)  (0.0730) (0.0702) (0.0843) (0.0746) (0.1002) (0.1001) (0.0858) (0.0802)

0.0222 -0.0267 0.0298 0.0028  0.0433 -0.0163 -0.0491 -0.2801 -0.4700** 0.01387  0.0199

*%

Urbanisation level In(urb) C4
(0.0886)  (0.0921)  (0.0990)  (0.0848) (0.0816) (0.1673) (0.1070) (0.1072) (0.2060) (0.1007) (0.0979)
0.2154 * 0.1985* 0.2101* 0.2044 ** 0.2058 ** 0.1997* 0.2362** 0.0720  0.0295  0.3143 0.2302 ***
Growth of the labour -
. Aln(If) cs
orce (0.0859)  (0.0906)  (0.0794)  (0.0928) (0.0921) (0.1154) (0.0931) (0.0753) (0.1058) (0.1116) (0.0866)
_ . 0.0064 **  0.0059*  0.0069 ** 0.0060 * 0.0056* 0.0080* 0.0051 0.0030 -0.0017 0.0065* 0.0071**
Gross capital formation gef € (0.0030) (0.0032) (0.0033)  (0.0028) (0.0030) (0.0039) (0.0032) (0.0047) (0.0036) (0.0035) (0.0032)
-0.0001 ** -0.0001 * -0.0001 ** -0.0001** -0.0001 -0.0002 -0.0001* -0.0000  0.0000  -0.0001  -0.0002
Squared Gross capital for- ocf? . - - - -
7

mation (0.0000)  (0.0000)  (0.0000)  (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
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0.1117** 0.1121 ** 0.1144 ** 0.1138 ** 0.1159 0.1136 0.1185 0.1374 0.1342** 0.1097 0.0709 ***
Openness to trade In(opn) 8 - - o *** -
(0.0221)  (0.0249) (0.0222)  (0.0222) (0.0246) (0.0226) (0.0260) (0.0361) (0.0315) (0.0266) (0.0243)
-0.0000  -0.0000  -0.0000  -0.0000 -0.0000 0.0002 -0.0000 0.0000 -0.0002 -0.0000 -0.0000
Foreign direct investment fdi o o
(0.0000)  (0.0000)  (0.0000)  (0.0000) (0.0000) (0.0001) (0.0000) (0.0000) (0.0002) (0.0000) (0.0000)
-0.0659 ** -0.0724 -0.0712** -0.0584 -0.0681 -0.0885 -0.0667* -0.0362 -0.0193 -0.0711 -0.0778 **
Government size In(gov) 1o o o o o
(0.0309)  (0.0259)  (0.0284)  (0.0359) (0.0335) (0.0367) (0.0365) (0.0225) (0.0148) (0.0326) (0.0312)
Research and develop- 0.0020 0.0022 0.0054 -0.0009 0.0013 -0.0153 0.0006 -0.0232 -0.0381* 0.0087  -0.0024
ment In(r&d) cu (0.0161) (0.0137)  (0.0140) (0.0153) (0.0150) (0.0149) (0.0155) (0.0161) (0.0187) (0.0173) (0.0124)
-0.1965 -0.1745 -0.1985 -0.2848 -0.2940 -0.1689 -0.1641 -0.2563 -0.2982 -0.3186 -0.1251
Inﬂatlon Aln(cpl) ci2 *%% Lt 3% 434 kN 3% 3% 43434 3% %
(0.0641)  (0.0609) (0.0738)  (0.0648) (0.0613) (0.0757) (0.0695) (0.0756) (0.1073) (0.1151) (0.0923)
) -0.0018 0.0023 0.0020 0.0046 -0.0019 -0.0046 -0.0039 0.0008  0.0025 -0.0070  0.0064
Human capital In(hc) €3 (0.0120) (0.0115) (0.0119) (0.0118) (0.0102) (0.0149) (0.0143) (0.0151) (0.0130) (0.0122) (0.0108)
-0.1617  -0.1491 -0.1726  -0.1568 -0.1565 -0.1615 -0.1860 -0.2333 -0.2018 -0.1729 -0.2007
GDP per Capita ln(Y) [3 %% %% Lk A% *%% A% Lk Lt Lk %N %N
(0.0386) (0.0412) (0.0414) (0.0353) (0.0396) (0.0329) (0.0304) (0.0341) (0.0382) (0.0470) (0.0450)
0.7758 0.7758 0.7087 0.5536 14570 2.0170* 09702 1.1970 3.7890 ** 4.0650  0.6466
Intercept a =
(0.9979)  (0.9979) (0.9711)  (1.0330) (0.9200) (1.0960) (1.2040) (0.8823) (1.0380) (1.3680) (1.1140)
Number of observations 342 339 342 342 332 237 294 201 166 320 312
Within R2 0.7537 0.7535 0.7561 0.7631  0.7669 0.7824 0.7790 0.8305  0.8221  0.7473  0.7515
Pesaran CD test for cross-sectional dependence O [p-
value] [0.2007] [0.1978] [0.2127]  [0.213] [0.2149] [0.1992] [0.205] [0.2017] [0.2275] [0.2236] [0.2188]
Test for differing group intercepts @ [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
Wald joint test on time dummies @ [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
Hausman test @ [p-value] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001] [<0.001]
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Wooldridge test © [p-value] [0.1545] [0.1546] [0.1674] [0.1493] [0.159] [0.1434] [0.1646] [0.1668] [0.1595] [0.1625] [0.1607]
Note: M A low p-value counts against the null hypothesis: cross-sectional independence. @ A low p-value counts against the null hypothesis: the groups have a
common intercept. ® A low p-value counts against the null hypothesis: no time effects. ® A low p-value counts against the GLS estimates with random effects in
favour of LSDV. ® A low p-value counts against the null hypothesis: no first-order serial correlation in error terms. Heteroscedasticity robust standard errors are
presented in parentheses. All estimations include time- and country-fixed effects, and Huber-White Sandwich corrections. *, **, *** indicate significant at the 10,
5, and 1 percent level, respectively.
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