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Abstract: The paper analyses the determinants of green development in the Central and
Eastern European (CEE) countries pointing out the influence of the sophistication of
productive structure and exported goods (economic complexity). The study uses OECD data
regarding green development, World Bank Indicators, World Penn Table Data, and MIT
Harvard data covering the period of 1996 to 2020, in a heterogeneous panel approach. Fully
Modified Ordinary Least Squares (FMOLS) and Dynamic Ordinary Least Squares (DOLS)
models are estimated in order to express the influence on green development of the economic
complexity index, KOF globalization index, renewable energy consumption, human capital
index, and a constructed institutional quality index (computed by using the Principal
Component Analysis based on data from World Governance Indicators). All considered
variables have a validated statistical influence on green growth in both models. The
Dumitrescu-Hurlin causality test revealed a bidirectional causal relationship between
institutional quality and green growth and unidirectional ones from economic complexity,
human capital and renewable energy to green development and from green development to
globalization. Policy implications are also provided.
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1. Introduction

The global economy faces contradictory challenges: rising economic opportunities
(due to several factors, such as digital technologies and innovation) together with
increasing environmental pressure and crises (i.e., Covid 19, war in Ukraine, energy
crisis). Developing economies are more challenged due to their low capacity to
address opportunities and avoid risks and threats. Also, their efforts to survive in this
turbulent time are coupled with the concern of catching up with the level of
developed countries in terms of living standards for their citizens.

Green growth, as defined by the OECD (2011), can be seen as an option to keep the
path of economic development without harming the quality of the environment.
Green growth is about promoting economic growth based on the preservation of
natural assets needed to provide environmental resources and services on which our
well-being is based. It means that boosting investment and innovation will support
sustained growth and new economic opportunities (OECD, 2011).

The paper analyses the determinants of green growth in the Central and Eastern
European Union (EU) countries, by using economic complexity instead of economic
growth, given the fact that it is identified as a predictor of economic growth (i.e.,
Hausman and Hidalgo, 2011; Neagu, 2019; Neagu and Neagu, 2022) along with
other factors revealed by the current literature: human capital, globalization,
renewable energy consumption and quality of institutions. Based on a panel
approach with data covering the period of 1996-2020 for eleven developing EU
countries, two regression models (FMOLS and DOLS) are estimated. We found that
economic complexity, globalization, human capital and renewable energy are
positively correlated with green growth. Institutional quality had also, a positive
validated influence on green growth, but only for one estimated model (FMOLS).
The added value of the paper mainly consists of introducing the economic
complexity variable among the determinants of green growth, by enriching in this
way the literature regarding the impact of economic complexity on the economy and
environment. Further, the findings of the paper are valuable for guiding policies in
the CEE countries to ensure their integration in the European and global
commitments (European Green Deal, EU-as climate-neutral by 2050, the 2030
Agenda on Sustainable Development, Sustainable Development Goals), and,
specifically, on providing support for policies that promote green growth in the CEE
countries.

The remainder of the paper is organized as follows. After the Introduction, the
Literature Review section discusses the main studies on the paper's topic. It is
followed by the Data and Methodology section where data and methods used in the
study are explained. The section of Main Results describes the findings of the study
and the last section is dedicated to Conclusions and Policy Implications.
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2. Literature Review

Limited literature addresses the issue of determinants of green development, most of
the economic and energy factors being studied in their relation to sustainable
development. The study of Tawiah et al. (2021) examines economic, energy and
institutional factors that influence green growth in 123 developed and developing
countries. They found that economic development positively influences green
growth, trade openness is detrimental, renewable energy improves green growth and
institutional quality has no relevance.

In the lines below, the main determinants of green growth are discussed, as they are
suggested by previous studies.

2.1. Economic complexity, economic growth and environment

In recent research economic development is understood as a process of learning for
countries to produce and export sophisticated products. Therefore, each country has
to identify its path of development and its unique means of learning system meant to
develop its capabilities to compete in the global context (Lall, 1992; Lall, 2000).
Such capabilities include, among others, intangible inputs (e.g., tacit knowledge),
which are important in the production of sophisticated goods. Hidalgo et al. (2007)
and Hidalgo and Hausmann (2009) introduced a methodology for expressing the
complexity (sophistication) of productive structure, generating the economic
complexity index. Economic complexity refers to ‘the composition of a country’s
productive output, reflecting its structures that hold and combine knowledge’
(Hausman et al., 2014).

The economic complexity level of a country is based on its income level. Economic
complexity is an accurate predictor of economic growth (i.e., Bustos et al., 2012;
Felipe et al.,2012; Poncet and de Waldemar, 2013; Cristelli et al., 2015; ézgﬁzer and
Binatli, 2016; Ferrarini and Scaramozzino, 2013; Hausmann and Hidalgo, 2011;
Chavez et al., 2017; Tachella et al., 2018). Developing countries must attract
resources and develop the capabilities they need in order to increase the economic
complexity level. Economic complexity affects the economy, society, and
environment. It contributes to air pollution (i.e., Neagu and Teodoru, 2019; Abbasi
et al., 2021) and the extension of ecological footprint (Lapatinas et al., 2019; Neagu,
2020; Boleti et al. 2021; Shahzad et al., 2021; Rafique et al., 2021; Ikram et al.,
2021). A reduced number of studies report a decreasing effect of economic
complexity on pollution (i.e., Dogan et al., 2021; Romero and Gramkov, 2021).
Studies focused on Environmental Kuznets Curve (EKC) models including the
economic complexity index as an explanatory variable of environmental degradation
show that a certain level of economic complexity can alleviate pollution (i.e., Can
and Gozgor, 2017; Neagu, 2019; Pata, 2021). This conclusion is validated in the
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most complex economies, according to Neagu (2019) (i.e., France, Finland,
Belgium, Italy).

2.2. Globalisation, economic growth and environment

Ofori and Figari (2023) found that economic globalization has a hampering effect on
inclusive economic growth in 23 African countries. Liu et al. (2022) focused on eight
South-Asian countries from 1996 to 2019 and found that globalization influences
economic growth. The literature exploring the effect of globalization on the
environment shows controversial results: a part reveals a positive correlation and
another part, a negative one. In the group of studies revealing a negative correlation
we can name: Shahbaz et al. (2017) for China; Patel and Mehta (2023) for India;
Islam et al. (2021) for Bangladesh; Lv and Xu (2018) for 15 emerging countries;
You and Lv (2018) for 83 countries; Rahman et al., (2019) for MENA countries;
Koengkan et al. (2020) for 18 Latin American and Caribbean economies; Aladejare
(2022) for the five richest African economies; Ansari et al. (2022) for ten carbon
emitters developing countries. In the other group of studies revealing a positive
correlation between globalization and the environment, we can include Shahbaz et
al. (2018a) for Japan; Shahbaz et al. (2018) b for 25 developed countries; Wang et
al., (2019) for OECD countries; Sethi et al., (2020) for India; Ling et al. (2020) and
Wau et al. (2022) for China; Anser et al. (2021) for South-Asian economies; Murshed
et al.., (2022) for Argentina; Tian and Li (2022) for G20 countries.

2.3 Human capital and environmental quality

Human capital is included in the analyses regarding the impact of economic
development on environmental quality. Some studies on developing countries reveal
that education is a significant determinant of environmental performance (i.e.,
Hettige et al.,1996), and also, for alleviating the pollution induced by foreign direct
investment (i.e., Lan et al., 2011). Zhu (2022) investigates the role of human capital
in sustainable development in the case of the Chinese economy, concluding that
human capital is positively associated with Sustainable Development Goals (SDG).
The study of Zafar et al. (2019) explores the impact of human capital alongside other
variables (natural resources, foreign direct investment) on the ecologically friendly
development of the economy of the USA. It is documented that healthy, well-
educated, and skilled workers (high-quality human capital in other words) can
improve the environmental performance of the economy. Similar results were
reported by de Guimaraes et al. (2020) in the case of a survey conducted on 829
citizens from Brazil. It is highlighted that when human resources are aware of the
environmental needs, knowledge and skills can enable ecologically friendly policies,
which results in carbon emission reduction. Ahmad et al (2022) found that human
capital reduced the ecological footprint in emerging countries. Kim and Go (2020)
emphasized, by using a sample of 72 countries, the positive role of human capital in
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enhancing awareness and compliance with environmental regulations, leading in this
way to the increase of environmental performance.

2.4. Renewable energy and environment

An impressive literature shows that renewable energy use reduces pollutant
emissions in all countries (some examples: Alola and Joshua, 2020; Jebli et al. 2020;
Khan et al., 2020; Saidi and Omri, 2020). The same results were reported by:
Koengkan et al. (2020) for Latin American and Caribbean nations; Adebayo et al.
(2021) for Brazilia; Murshed et al. (2022) for Argentina; Wu et al. (2022) for Nordic
countries; Ansari et al. (2022) for developing countries; Kwakwa (2023) for African
countries, and Cao et al. (2023) for OECD countries.

2.5. Institutional quality and environment

According to Kuncic (2014) term institutional quality refers to the quality of the
governance system of a country, consisting of a set of norms and regulations meant
to operate in the economic, social, and political framework. As the institutions shape
the public policies in economic, energy and environmental areas, it is important to
consider institutional variables in analyses regarding these issues.

Several studies are focused on the role of institutional quality in mitigating pollution
(i.e., Kim et al., 2020; Ahmad et al., 2022; Simionescu et al., 2022 a, b). Sheraz et
al. (2022) pointed out that low institutional quality is correlated with environmental
degradation and corruption and increased carbon emissions in Asian countries,
according to Rahman and Alam (2022). Institutional quality can reduce carbon
emissions (Jahanger et al., 2023; Karim et al., 2022; Khan et al., 2022; Acheampong
et al., 2021; Khan and Rana, 2021).

3. Data and Methodology

3.1. Data

The study is focused on 11 Central and Eastern European countries (Bulgaria,
Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Romania, Slovak
Republic, and Slovenia). As developing economies, these countries are struggling
with catching-up strategies to converge to the mean income average of the European
Union and develop their capacity to be resilient to inherent shocks of the current
international context (energy crisis, war in Ukraine, consequences of Pandemic).
Data used in the study cover 26 years (1996-2020).

The dependent variable is the green growth indicator, as it is defined by OECD
(2022; 2011). It measures the efficient use of natural capital and indicates whether
economic growth has become greener, by capturing aspects of production that are
not quantified in other economic or accounting models. More specifically, the green
growth indicator expresses a country’s environmental and resource productivity,
comprising carbon and energy productivity, resources productivity (materials,
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nutrients, water) and multifactor productivity. Higher values of this indicator suggest
a ,,greener” economic growth (OECD, 2011).

Based on previous studies on determinants of green growth (i.e., Tawiah et al., 2021)
we include the following explanatory variables of green growth in the CEE
countries: economic complexity (as a proxy for economic growth), globalization,
human capital, institutional quality, and renewable energy consumption.

Economic complexity refers to the level of sophistication of the productive structure
of the economy, reflecting its capacity to hold combined and knowledge (Hausman
et al., 2014). Several studies provide evidence in support of the stable and positive
correlation of economic complexity with economic growth (i.e., Hidalgo, 2021;
Ozgiizer and Binalti 2016; Cristelli et al., 2015; Poncet de Waldemar, 2013; Felipe
et al., 2012; Bustos et al., 2012). Moreover, it is considered a good predictor of
economic growth (Tachella et al., 2018; Chavez et al., 2017; Hausmann and Hidalgo,
2011; Hidalgo and Hausmann, 2009). Given these findings, we will use in our
analysis the economic complexity index as a proxy for economic growth. The
economic complexity index (ECI) was introduced by Hidalgo et al. (2007) and
Hidalgo and Hausmann (2009) as an approximation of the level of complexity of a
country’s productive structure, taking into consideration two dimensions of
complexity: diversity (number of produced goods with revealed comparative
advantage) and ubiquity (number of countries able to export goods with revealed
comparative advantage.

Human capital is a key driver of economic growth. It refers to the knowledge
embedded in individuals, skills, education and experience at work. In a conceptual
view, the human capital of a nation includes formal education, health status of
individuals and some forms of social capital (Neagu, 2010, pp.13-22). An
impressive number of studies highlights the role of human capital in economic
development (some examples: Mincer, 1984, Becker, 1997; de la Fuente and
Domenech, 2006; Tamura, 2004; Hanushek, 2013; Pelinescu, 2015; Tahir et al.,
2020; Geng, 2022; Wirajing et al., 2023). The Penn World Table, developed by
Feenstra (University of California) and Inklaar and Timmer (University of
Groningen) introduced a human capital index which is computed considering the
average years of schooling from Barro and Lee (2013) and rate of return to education
(Psacharopoulos, 1994) (Feenstra et al., 2015).

Introduced by Dreher (2003) (the KOF Swiss Institute), the KOF index of
globalization captures three dimensions of this phenomenon: economic, social, and
political. It is also computed as an overall KOF index of globalization, including all
dimensions. The index has been updated several times (i.e., by Dreher et al., 2008
and by Gygli et al., 2018, 2019). An impressive volume of studies reveals the
positive effects of globalization on economic growth (i.e., the meta-analysis
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developed by Heimberger, 2021) and also on the environment (i.e., Sethi et al., 2020;
Anser et al., 2021; Huo et al., 2022; Ivanovski and Hailemariam, 2022; Jahanger et
al., 2022).

Renewable energy consumption is found in several studies as a reducing factor of
pollutant emissions (i.e., Raihan, 2023), and also a contributor to economic growth
(Neagu et al., 2021). It is generally expressed as the share of energy use sourced from
renewables (wind, solar, biomass) in the total final energy consumption.

Our analysis includes also a variable reflecting the institutional quality in the
economies included in the study. The reason for including such a variable consists
of the fact that institutional quality is revealed in several studies as a moderating
factor of pollution mitigation (i.e., Jahanger et al., 2023, Simionescu et al.,2022;
Jiang et al., 2022; Khan et al., 2022; Acheampong et al., 2021; Khan and Rana,
2021). Also, it is revealed to promote economic development in developing nations
(i.e., Uddin et al., 2023; Yildirim and Gokalp, 2016). We used the governance
indicators sourced from the Worldwide Governance Indicators database (WGI) and
introduced by Kaufman and Kray (2018) as a proxy for institutional quality, used in
several studies (i.e., Jahanger et al., 2023; Neagu et al. 2023; Simionescu et al.,
2022a, 2002b; Tawiah et al., 2021). We computed an index of institutional quality
by using the Principal Component Analysis (PCA) based on the six governance
indicators (rule of law, voice and accountability, control of corruption, government
effectiveness, absence of violence, and regulatory quality), following prior studies
such as Uddin et al. (2023); Tawiah, et al. (2021); Konara and Shirodkar (2018). The
PCA technique shows how the variation of a variable is explained by a given
component. The primary component is computed based on the eigenvalues (the six
governance indicators, in our case) of the sample covariance matrix. As a result, the
number of principal components is equal to the number of variables, meaning that
the first principal component can explain most of the variation, and its value is used
to compute the index. The values of the constructed index for the economies included
in the study for the period of 1996 to 2020 are displayed in the Appendix. We found
that our constructed index is correlated with the average of the six governance
indicators.

Table 1 displays the variables under consideration and their sources.

Table 1 Variables and their sources

Acronym Name Explanation Source
Dependent variable
GD Green Environmental and resource productivity OECD, Green
Development  (US dollars per kg, 2015) Growth
Indicator
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Explanatory (independent) variables

ECI

KOF

HCI

IQ

Economic
Complexity
Index
Globalisation
Index

Human
Capital Index
Renewable
Energy

Institutional

Quality

The complexity of products that a country
exports.

Opverall Globalisation Index

Renewable Energy consumption: the share
of energy consumption from renewable
sources in the total final energy
consumption

Institutional quality Index computed as the
result of applying PCA methods for the
following indicators: Control  of
Corruption, Government Effectiveness,
Political ~ Stability and Absence of
Violence/Terrorism, Regulatory Quality,
Rule of Law, Voice and Accountability

Harvard’s
Growth Lab

KOF  Swiss
Economic
Institute

Penn World

World bank

World
Governance
Indicators
(WGD)

Source: Own processing.

Table 2 provides the descriptive summary statistics of the variables under
consideration. All variables are in In. We can note that the standard deviation is
generally low, the highest is recorded for InIQ (1.0657), and the lowest for InHCI
(0.1058), respectively.

Table 2 Statistic description of variables

Mean Median Maximum Minimum Standard Deviation
InGD 1.5281 1.5810 2.7638 0.0487 0.4323
InECI -0.1850 0.0442 0.7007 -6.329 0.7440
InKOF 4.3740 4.3973 4.5098 3.9482 0.1078
InHCI 1.1389 1.1470 1.3478 0.7453 0.1058
InRE 2.5687 2.6925 4.0673 0.1397 0.8136
InlQ 0.8383 1.1825 2.5552 -3.9406 1.0657

Source: computation based on using E-Views 12.0 software

3.2 Model and Econometric Strategy
Following the considerations of Tawiah et al. (2021) the model used in our study is
the following:
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InGD;y = a+ py - InECI;; + B, - InNKOF; + 3 - InHCI; + 4 - INRE; ; +
+Bs - InlQie + & (1)

where: i denotes the cross-section (country) and ¢ the time, respectively; GD
represents the OECD green development index; ECI is the economic complexity
index, KOF refers to the KOF globalization index (overall), HCI means the human
capital index, RE stands for renewable energy consumption (% from the total final
consumption), 1Q express the institutional quality index (computed by authors),
P1, B2, B3, Ba, Bs are the coefficients to be estimated, and ¢;; is the stochastic error
term.

Our empirical analysis is based on a panel data approach, following the steps below:
(i) cross-sectional dependence tests (Breusch-Pagan (1980), Pesaran Scaled LM,
Bias-corrected scaled LM and Pesaran CD tests Pesaran, (2004); (ii) checking the
stationarity of the considered variables by using second-generation unit root tests
proposed by Pesaran (2007)(Cross-Sectional Augmented Dickey-Fuller (PES-
CADF) and Cross-Sectional IM, Pesaran and Shin (CHIPS)) ; (iii) testing the
cointegrating relationship among variables with the Kao residual cointegration test;
(iv) estimation of the long-run coefficients by using the FMOLS and DOLS
techniques; (v) testing the causality relationship between variables.

4. Main Findings and Discussion

In Table 3 we notice that the values of Prob (indicated by *) are under 0.01 for all
considered variables. This suggests rejecting the null hypothesis of no cross-
sectional dependence and accepting the alternative, meaning the presence of cross-
section dependence among our variables.

Table 3 Results of the cross-sectional dependence test

Breusch-Pagan Pesaran Bias-corrected Pesaran CD
LM Scaled LM Scaled LM
InGD 1220.688* 111.144* 110.144* 34.890*
InECI 894.652* 80.057* 79.828%* 29.473*
InKOF 986.832* 88.846* 88.607* 31.227*
InHCI 1285.127* 117.288* 117.058* 35.815%*
InRE 864.758* 77.207* 76.978%* 28.696*
InIQ 383.397* 31.311* 31.082* 4.335%

Source: Authors’ own computation based on EViews 12.0 software
Note: *p <0.01
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Table 4 depicts the result of applying the unit root tests for our variables. Excepting
the HCI variable, all other variables are stationary at their level, for both tests and
both options (constant/constant and trend), the value of Prob. being lower than 1%,
5% and 10%. The value of Prob. for the first difference series in the case of HCI
(AInHCI) is under 0.01, which indicates the presence of stationarity.

Table 4 Stationarity test

CIPS test PES-CADF
Variable CIPS statistic Z(t-bar)
constant constant and trend constant constant and trend

InGD -2.305 -2.375 -1.369%** 0.193
AlnGD -4.460* -4.600* -7.326* -6.209*
InECI -2.597* -2.810%* -3.596* -2.136%*
AInECI -5.233* -5.443* -7.534* -7.134%*
InKOF -1.853%* -2.836** -1.422%%* -1.698%*
AInKOF -6.860* -6.458* -5.888* -4.418*
InHCI -1.941 -2.459 -3.604* -2.112%*
AlnHCI -1.990* -2.756* -4.925* -5.094*
InRE -2.514% 2.452 -2.921* 0.167
AInRE -4.737* -4.960* -5.520% -3.976*
InIQ -2.939* -3.704* -1.031 -1.756%**
AlnlQ -5.177* -5.506* -7.748* -7.465*

Note: *p <0.01; ** p <0.05; ***p<0.1
Source: authors' computation based on Stata 15 software

Given the fact that our variables are integrated by their first order I (1) (not all
stationary at their level) we use the KAO residual cointegration test for testing the
long-run relationship among variables (Table 5).

Table 5 Cointegration test result (Kao test)
Kao Residual Cointegration Test
Series: LNGD, LNECI, LNKOF, LNHCI LNIQ LNRE
Null Hypothesis: No cointegration

rho Prob. t-Statistic Prob.
DF -7.199933 0.0000 -4.421609 0.0000
DF* -4.331964 0.0000 -3.532550 0.0002

Source: Authors’ own computation based on EViews 12.0 software

According to the results displayed in Table 5, the null hypothesis of no cointegration
among the considered variables is rejected due to the values of Prob. under 0.01. It
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indicates the variables are cointegrated in the long run, meaning that they have a
stable, long-run equilibrium relationship.

Table 6 displays the result of the estimation of regression equation 1, for FMOLS
and DOLS models.

Table 6 Estimation results

FMOLS DOLS
Variables coefficients

ImECI 0.028* 0.040*

InKOF 0.832%* 0.768%*

InHCI 3.087* 3.322%

InRE 0.166* 0.137*
InlQ 0.016* 0.012%**

R-squared 0.9487 0.9467

Source: authors’ own computation based on EViews 12.0 Software
Note: *p<0.01; ***p< 0.1

As we can notice from Table 6, all coefficients are positive, indicating a positive
correlation of explanatory variables with the independent variable (green
development).

In the FMOLS model, all coefficients are statistically validated for a 1%
significance. Human capital has the highest influence on green development: when
HCI increases by one percentage point, green development will increase by 3.087
percentage points. An increase of 1% in the KOG globalization index will lead to an
increase of 0.832% in green development. The 1% increase in economic complexity
will induce a 0.02% increase in green development. Renewable energy consumption
and institutional quality are also positively correlated with green development
variables. In the DOLS model, used for checking the robustness of results, the
coefficients of all variables are statistically significant.

We revealed that economic complexity is a significant determinant of green
development in both models. This suggests that high economic complexity could
promote sustainable environmental growth, despite a preliminary perception that
economic complexity could be seen as a new challenge for the environment (Neagu,
2021) because it is also proved that high-income countries with high complexity of
the products they export are able to alleviate pollution and environmental
depreciation (the Environmental Kuznets Curve model being validated) (i.e., Neagu
and Neagu, 2022).

Our result showing that economic complexity is significant for green growth is
consistent with previous studies on green complexity developed by Mealy and
Teytelboym (2022).
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Our result regarding the positive correlation between globalization and green
development is contradictory with the findings of Tawiah et al. (2021) who identified
a negative correlation between green growth and internationalization (i.e., foreign
direct investment and trade openness) in developed and developing countries.
Renewable energy consumption was also found a contributor to green development
by Tawiah et al. (2021) suggesting that renewable energy sources could make
effective use of natural assets in the general production and consumption process.
Institutional quality is found to be significant for green growth in both models. This
result contradicts the conclusions of Tawiah et al. (2021) in their study of developing
and developed countries.

Table 7 Dumitrescu-Hurlin causality test

Null hypothesis W-stat. z-bar Prob.
stat.
InGD does not Granger -cause InECI 413200  5.92107 0.0000
InHCI does not Granger- cause InGD 7.50386 12.5173 0.0000
InlQ does not Granger -cause InGD 2.14050  2.02520 0.0428
InGC does not Granger-cause InlQ 431734  6.28363 0.0000
InKOF does not Granger -cause InGD 2.61733  2.95799 0.0033
InGD does not Granger cause InRE 4.60408  6.84457 0.0000
Source: authors' computation based on EViews 12.0 software
Note: Lag=1

As a result of applying the causality test (Table 7), the following unidirectional
causal relations were identified as validated: running from ECI, HCI and RE to GD
and from GD to KOF. This confirms our preliminary assumptions that economic
complexity, human capital and renewable energy use are influencing green growth,
being significant to its determinants. The correlation between KOF and green
development can be understood in the sense that progress on green development may
stimulate business internationalization and connections between countries and
people. It also revealed a bidirectional causality relationship between 1Q and GD,
suggesting that institutional quality is important for green growth, and conversely,
achievements on the path of green growth can boost institutional quality in the CEE
countries.

5. Conclusions and Policy Implications

Our paper investigates the determinants of green development in eleven Central and
Eastern European Union countries, with a focus on a new potential green driver,
economic complexity, which is the novelty of the study. Using a panel approach and
FMOLS and DOLS techniques for regression estimation, we revealed that economic
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complexity is a significant determinant of green development in these countries in
the period under examination (1996-2020). Human capital is found as a consistent
contributor to green development. Globalization is also identified as a determinant
of green development, as well as renewable energy consumption. We also found that
institutional quality is not significant for green development in one of the used
models.

The causality test revealed the following types of causal relationships: (i)
unidirectional ones from ECI, HCI and RE to green growth, and from green growth
to KOF, and (ii) bidirectional, between 1Q and green growth.

Our findings are overall relevant for the European Union targets assumed through
the European Green Deal and climate neutrality by 2050. More specifically, as policy
implications of our results, we can suggest the following public policy measures: (i)
a higher economic complexity can be achieved through high quality inputs, meaning
productive capabilities based on a green industrial development (green products) and
accumulation of green capabilities (green technologies), in other words, to design
and implement a green industrial policy at the EU level; (ii) support for further
human capital investment in all countries, a high quality of human capital would
enable green growth, being beneficial as input for economic complexity, and also as
citizens behaviour enabling protection of natural assets; (iii) even globalisation is
correlated with green growth, international business policy must be carefully
oriented to avoid transfer of polluting intensive operations in Eastern countries,
which would have a negative effect on green growth; moreover, promotion of
sustainable business models through an appropriate legislative framework, as
suggested by Kajanova et al. (2022) could support green growth; (iv) renewable
energy use must be further promoted through tax policies, subsidies and loans on a
permanent basis, under the EU policy on renewable energy; (v) governments should
continue to take into consideration the strengthening of public institutions, as suggest
De Angelis et al. (2019) and Wolde-Rufael and Weldmeskel (2020) regarding the
environmental policy stringency and to gain effectiveness in achieving green
growth. Moreover, the concept of green public procurement should be largely
promoted and used (Malatinec 2017, 2021) as an example of environmentally
responsible behavior.

As further directions of research, further and deeper analysis taking into
consideration various channels of green growth (i.e., investment in green and clean
technologies, research and development, financial development, and other
governance indicators) could be developed.
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Appendix
Institutional quality index in CEE countries

Bulgaria Croatia I(izle)fll:)lic Estonia | Hungary | Latvia Lithuania | Poland | Romania ?(l:;zlglic Slovenia

1996 -2.509 -2.851 1.917 -2.293 1.635 -0.286 1.356 1.629 -0.343 -0.522 1.893
1997 0.514 -1.718 1.754 -0.625 1.701 -0.049 1.151 1.627 -0.909 -1.035 1.883
1998 1.182 -1.201 1.559 -0.031 1.763 0.142 0.892 1.625 -2.342 -2.148 1.873
1999 1.324 0.837 0.875 -0.033 1.755 -0.449 0.326 1.434 -0.877 0.360 1.534
2000 1.448 1.463 -3.109 -0.035 1.747 -2.096 -1.110 1.197 -0.306 1.011 1.018
2001 1.657 1.636 1.155 0.209 1.813 0.328 0.627 1.165 -0.218 1.041 1.226
2002 1.830 1.782 1.841 0.405 1.875 0.976 1.228 1.132 -0.137 1.071 1.399
2003 1.689 1.855 1.822 0.672 1.729 1.108 1.507 0.898 -1.099 1.420 1.360
2004 1.899 1.974 1.452 1.087 1.659 0.768 1.360 -0.423 0.464 1.803 1.352
2005 1.916 1.825 1.767 1.023 1.642 1.123 1.298 0.367 0.641 1.842 1.255
2006 1.697 1.819 1.872 1.335 1.745 1.411 1.252 -1.507 1.146 1.801 1.218
2007 1.733 1.846 1.750 1.337 1.576 1.294 1.247 0.259 1.033 1.559 1.261
2008 1.546 1.833 1.932 1.510 1.466 1.163 1.114 1.155 1.209 1.772 1.011
2009 1.811 1.866 1.930 1.446 1.176 1.287 1.233 1.405 1.067 1.717 1.066
2010 1.633 1.902 1.944 1.459 1.145 1.242 1.431 1.635 1.217 1.662 0.720
2011 1.394 1.887 2.000 1.541 1.163 1.183 1.219 1.673 1.110 1.732 0.887
2012 1.454 1.917 1.862 1.471 0.853 1.356 1.659 1.780 0.895 1.605 0.261
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2013 1.228 1.964 1.889 1.491 0.917 1.490 1.756 1.755 1.303 1.446 -0.215
2014 1.333 1.966 1.993 1.757 0.069 1.715 1.858 1.858 1.543 1.543 -0.114
2015 1.344 1.890 2.061 1.832 -0.167 1.768 2.000 1.811 1.594 1.503 0.151
2016 1.591 1.932 1.975 1.817 -3.214 1.713 1.983 1.401 1.665 1.724 0.260
2017 1.725 1.950 2.062 1.823 -0.005 1.720 1.886 0.966 1.677 1.429 -0.530
2018 1.726 2.003 1.973 1.851 -0.567 1.672 1.726 0.823 1471 1.328 -0.053
2019 1.844 1.987 1.937 1.870 -1.293 1.858 1.967 0.890 1.483 1.477 0.744
2020 1.161 1.944 2.022 1.894 -0.659 1.894 2.010 0.499 1.557 1.563 -0.357

Source: authors’ computation using PCA method in EViews 12.0
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