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Abstract

Green growth has emerged in recent years to respond to environmental problems caused
by climate change and the scarcity of resources. However, today’s green growth involves
environmental, social and financial dimensions. In this context, many countries are cur-
rently seeking green growth for their economic development through the efficient use of
their resources. This study aims to assess the impact of green growth performance on the
economic development of countries. A quantitative approach was applied to a sample of
172 countries worldwide, and the formulated hypotheses were tested through multiple
linear regressions estimated by the ordinary least squares method. The economic devel-
opment of countries was measured by the Human Development Index (HDI) and meas-
ures the sustainability performance of countries by the Green Growth Index (GGI). The
results of this study demonstrate that (i) the measures of green growth performance have
a positive impact on the economic development of high-income, upper-middle-income,
and lower-middle-income economies, (ii) in poorer economies, less is the contribution of
green growth to economic development, mainly because they neglecting the social dimen-
sion despite the numerous existing projects in these economies for greater inclusion and
(iii) green economic opportunities (green investment, green trade, green employment and
green innovation) do not influence green economic development in all analysed economies.
Consequently, suggestions were made for policymakers from different groups of countries
to increase and accelerate their sustainable green growth. Literature on economic develop-
ment and green growth is still scarce, especially at the empirical level, and few studies use
the 2020 GGI data. In addition, this study also uses recent rankings of world economies to
categorize the economic development of countries.
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1 Introduction

At the global level, for about three decades, we have witnessed the creation of various
instruments and programmes to reduce poverty and enhance sustainable green growth,
such as Country Strategy Papers, Poverty Reduction Strategy Papers (PRSPs) and the Mil-
lennium Development Goals (MDGs). Thus, these types of programmes have been widely
discussed by policymakers, who have increasingly fostered and intensified open dialogue.
Thus, green growth-based policies and macroeconomic, social and structural programmes
have been developed to promote green growth and reduce poverty, involving all regional
actors (Kararach et al., 2018).

Green growth is defined as a path to economic growth, which is based on the use of
natural resources in a sustainable manner (Abramovay, 2015; Bagheri et al., 2018). Thus,
in recent years, green growth has become increasingly relevant. Politicians have been pro-
moting and warning about the need for economic development and growth based on poli-
cies that protect the environment (Bagheri et al., 2018). On the other hand, regions with
many natural resources may have serious problems transitioning and transforming to green
growth (Cheng et al., 2020b). Natural resources must be managed with criteria in order not
to unbalance regional ecosystems (Oliveira et al., 2021).

Thus, combining economic growth and development with environmental protection is
not always easy. This new environment for green economic growth may imply restructur-
ing the industry to promote the gradual transformation of green growth. New models are
intended to emerge, are increasingly green, and allow reaching the defined goals of carbon
neutrality (Zhao et al., 2022). Economic models must stop being climate-change resilient
(Dercon, 2014; Houssini & Geng, 2022). To this end, policymakers have been making
policy reforms to adjust laws to the needs of today, directing the state budget and its strate-
gies towards sustainable development and accelerating green growth (Akbilgic et al., 2015;
D’Souza, 2017). Decisions about sustainable strategies are extremely dynamic and com-
plex because they have to combine energy, environmental and economic measures (Derber,
2015; Schandl et al., 2016). Technological innovation is widely recognized as essential in
achieving green growth while reducing poverty. Therefore, technological innovation has
to be considered in the constant search for new viable and realistic paths to green growth
(Zhao et al., 2022).

Currently, there is no abundant literature about green growth (Kararach et al., 2018;
Pan et al., 2019). The years 2011 and 2012 were when the first reports appeared in an
attempt to propose some indicators to measure green growth (OECD, 2011; UNEP, 2011).
The studies of Kararach et al., (2018), Lyytiméki et al., (2018), Yang et al., (2019) and
Sneideriené et al., (2020) are quantitative studies on green growth, but different indicators
are used. So, it can be seen that the application of green growth indices used by research-
ers is not yet standardised (Zhao et al., 2022), which may lead to different conclusions and
recommendations. Thus, scientific knowledge about green growth assessment is still scarce
and needs further development (gneideriené et al., 2020).

On the other hand, green growth is referred to as an ideal model for developing coun-
tries to achieve sustainable economic growth, making it compatible with an increasingly
inclusive society and greater environmental protection (Houssini & Geng, 2022). Thus,
developing countries face several challenges as natural resources deplete and environ-
mental conditions degrade. From this perspective, policy makers must carry out structural
reforms in using natural resources while simultaneously reducing poverty. Therefore, green
growth policies must promote the most efficient use of the primary resources they have
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through technological innovation and the dissemination of knowledge, thus promoting
large investments and inclusion (Barbier, 2016).

In this context, in 2019, the “Green Growth Index” was published for the first time
by the Global Green Growth Institute. More recently, the green growth index 2020 was
published. The Green Growth Index includes 4 dimensions: (1) social inclusion; (2) natu-
ral capital protection; (3) green economic opportunities; and (4) efficient and sustainable
resource use (Acosta et al., 2019). From this perspective, the sustainable and efficient use
of resources has to involve the use of natural capital in a more productive way. It must also
produce more economic value using fewer resources, thus not compromising the future
wellbeing of society (Acosta et al., 2020a). In this way, it is intended to directly contribute
to protecting natural capital (e.g. materials, land, energy, water) and ecosystem services
(Flachenecker & Rentschler, 2018; Oliveira et al., 2021).

International organizations, governments, and academia have discussed the growing
concerns about green growth (Cheng et al., 2020a; Sneideriené et al., 2020; Yeh et al.,
2019); therefore, the theme is current and pertinent to be studied. In this context, this study
aims to assess the impact of green growth measures on the economic development per-
formance of countries. The present study is original since studies encompassing the 2020
Green Growth Index (GGI) data are rare. Moreover, this study also considers the recent
classifications of the world economies (high-income countries, upper-middle-income
countries, lower-middle-income countries, and low-income countries), which are based on
Gross National Income (GNI) per capita. This paper contributes new findings to assess
the impact of green growth measures on the economic development performance of high-
income, upper-middle-income, lower-middle-income, and low-income countries.

This paper found that green growth performance measures positively impact the eco-
nomic development of high-income, upper-middle-income, and lower-middle-income
countries. The results suggest that the poorer the economies (low-income countries), the
less green growth measures contribute to economic development performance. Thus, the
poorest economies may be implementing measures that are not reflected in the indicators
present in the green growth index. As an alternative to the above, the poorest economies
may not value and implement measures that lead to sustainable green development. This
article contributes to the development and clarification of the literature on economic devel-
opment and green growth, a relatively recent topic. We also leave some suggestions for
policymakers of different groups of countries to increase and accelerate their sustainable
green growth.

2 State of the art of green growth and economic development

There is an increasing importance of welfare measurement that goes beyond the analysis
of gross national income per capita. In this sense, the Human Development Index (HDI)
is a welfare indicator comprising three issues: (1) life expectancy at birth; (2) mean years
of schooling and expected years of schooling; and (3) gross national income per capita
(Kalimeris et al., 2020). The green growth strategies may positively influence this index,
although there are different strategies according to the country’s income level. This
depends not only on the particularities of the human, natural and physical capital of the
country but also on the environmental culture of each society (Bobylev et al., 2015).

In countries presenting higher-income levels, the focus is the sustainable reduction
of per capita environmental footprints, but simultaneously the preservation of human
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well-being and the mitigation of the in-country inequality while, in countries with lower-
income levels, the major question is decreasing poverty and deprivation with inclusive
growth and sustainable consumption to meet basic human needs (Luukkanen et al., 2019b).
Nevertheless, the majority of residents of big cities around the world, including in low- and
middle-income countries, is affected by higher levels of pollutants that originate deadly
health effects, decrease labour productivity, boost health expenditures, and diminish crop
yields (Akan et al., 2022). In this sense, green growth measures may positively affect the
economic development of all countries, regardless of their income level.

H1 The green growth measures have a positive impact on the economic development of
(a) high-income countries, (b) upper-middle-income countries, (c) lower-middle-income
countries, (d) low-income countries.

2.1 Efficient and sustainable resource use

One of the dimensions of the GGI is efficient and sustainable resource use. The sustain-
able use of energy, water, and materials, through, for example, the adoption of renewable
energy, efficient technologies or materials reuse, consume fewer resources as well as may
produce more outputs not only in higher but also lower-income countries (Shahbaz et al.,
2014; Tian et al., 2020), improving human welfare. In the same way, the sustainable use
of land is crucial to human, social and economic activities, especially in rural areas where
farmland is a critical livelihood resource (Zhang et al., 2020). Even the natural resource
abundance of developing countries is not a sufficient condition to improve their economic
development since it requires elevated efficiency governance, the rational distribution of
resource returns, and the improvement of other growth-oriented measures (Wang et al.,
2022).

H2 A efficient and sustainable resource has a positive impact on the economic develop-
ment of (a) high-income countries, (b) upper-middle-income countries, (c) lower-middle-
income countries, and (d) low-income countries.

2.2 Natural capital protection

Another dimension of the GGI is natural capital protection. The decreasing of environmen-
tal quality on the planet has been accelerated, not only by greenhouse gas emissions and
solid and air pollutants but also by the biogeochemical cycles through land-use change or
other natural processes (Liu et al., 2021). Despite developed countries often not depending
on natural resource endowment to improve competitiveness, access to natural resources is
still the basis for guaranteeing development, influencing their competitive advantage (Li
et al., 2021). Hence, to increase human welfare, various governments with different levels
of income have recently changed policies to decrease greenhouse gas emissions from only
defining carbon abatement targets to promoting various supply and demand-side incentives
(Zhang & Wang, 2017), along with biodiversity protection (Bjelle et al., 2021).

H3 A natural capital protection has a positive impact on the economic development of (a)
high-income countries, (b) upper-middle-income countries, (c) lower-middle-income coun-
tries, and (d) low-income countries.
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2.3 Green economic opportunities

Despite the differences between higher- and lower-income countries, green economic
opportunities may enhance the countries’ human welfare through green investment,
trade, employment and innovation. The positive effects of economic policies promot-
ing green employment can be direct through creating jobs in green areas and indirectly
through their contribution to economic growth (Aceleanu et al., 2015). Attending to the
increase of greenhouse gas emissions, green trade may be crucial to combat the environ-
mental crisis and increase human welfare (Kang & Lee, 2021), along with green inno-
vation (Choi & Han, 2018) and green investment made by private and public sectors in
energy conservation and environmental protection projects (Ren et al., 2020). Albeit
creating green economic opportunities, such as the promotion of new green jobs and
associated training of workers, requires more financial efforts by developing countries
(Bobylev et al., 2015), those opportunities may positively influence the economic devel-
opment of all economies.

H4 The green economic opportunities have a positive impact on the economic develop-
ment of (a) high-income countries, (b) upper-middle-income countries, (c) lower-middle-
income countries, and (d) low-income countries.

2.4 Social inclusion

Social inclusion is heterogeneous across countries, but their improvement may increase
countries’ human welfare through access to basic services and resources, gender balance,
social equity and social protection. Developed countries tend to perform better in social
inclusion, which impacts their economic development (Li et al., 2021), although social
inclusion may also positively influence the economic development of developing countries.
To improve human welfare, it is required to increase social equity and social protection and
a more equal and just distribution of access to essential services such as water, sanitation,
energy, food, transportation and shelter (Thomas, 2019). In the same way, the improvement
of the economic power of women has important impacts on society, affecting pensions,
health, poverty and fiscal policy (Sanchez et al., 2021).

H5: Social inclusion has a positive impact on the economic development of (a) high-
income countries, (b) upper-middle-income countries, (c) lower-middle-income countries,
(d) low-income countries.

The conceptual model and the hypothesis of this study are presented in Fig. 1.

3 Methodology and data

3.1 Data

To achieve the objective of this study, data were collected on economic development
measured by the 2019 Human Development Index (HDI) collected by the United Nations

(United Nations, 2021) and on the measures of green growth performance in the GGGI
Technical Report - Green Growth Index 2020 (Acosta et al., 2020b) for the year 2019 (data
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Fig. 1 Research framework

were consulted in July 2021). This is the second report published on this topic (the previ-
ous report was published in 2019, with data from 2018) (Acosta et al., 2019).

According to Acosta et al., (2020b), the GGI is an index that measures the sustainabil-
ity performance of countries, including the Sustainable Development Goals, Aichi Bio-
diversity Targets and Paris Climate Agreement. It is measured by four dimensions (green
economic opportunities, efficient and sustainable resource use, social inclusion and natural
capital protection) and is the first index that measures green growth directly related to sus-
tainable development.

The 2020 green growth index was calculated for 115 countries (21 countries from
Africa, 21 from America, 32 from Asia, 38 from Europe and 3 from Oceania) using 2019
data. However, the four dimensions that comprise this index are measured for 186 coun-
tries worldwide (48 countries in Africa, 36 in America, 49 in Asia, 42 in Europe and 11 in
Oceania). Of these countries, the United Nations made available HDI data in 2019 for 172
countries, and in this way, the database for this study is composed of observations in 2019
for 172 countries (Acosta et al., 2020b).

Following the World Bank classification (Serajuddin & Hamadeh, 2020), the world’s
economies will, as of July 1, 2021, be classified in terms of income into four groups based
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on Gross National Income per capita (GNI per capita) in the current USD: low-income
economies with a GNI per capita of $1.045 or below; lower-middle-income economies
with a GNI per capita between $1,046 and $4,095; upper-middle-income economies with a
GNI per capita between $4,096 and $12,695; and high-income economies with a GNI per
capita of $12,696 or above.

According to this classification, the 172 countries that make up the sample were divided
into four income groups (the high-income economies group consisting of 57 countries,
the upper-middle-income economies group consisting of 45 countries, the lower-middle-
income economies group consisting of 50 countries and the low-income economies group
consisting of 20 countries (Serajuddin & Hamadeh, 2020). Table 1 shows the statistics
(maximum, minimum, mean and standard deviation) of the variables collected to measure
economic development and green growth measures by groups of countries.

3.2 Methodology
This study uses a quantitative methodology allowing testing relationships between varia-

bles and indicators, replicating the methods and techniques applied in other samples and, if
the sample size is representative, generalizing the results (Pitkénen et al., 2016; Yin, 2012).

Table 1 Statistics of economic development variables and green growth measures by groups of countries

Mean Min Max Standard Deviation

High-income economies

Efficient_Sustainable_Resource 4954.400 1224.000 7579.000 1662.412
Natural_Capital_Protection 6672.196 2856.000 8335.000 1425.953
Green_Economic_Opportunities 3766.979 245.000 6384.000 1682.855
Social_Inclusion 7984.537 3882.000 9370.000 1124.795
HDI 0.884 0.778 0.957 0.053
Upper-middle-income economies

Efficient_Sustainable_Resource 4168.049 758.000 7828.000 1310.414
Natural_Capital_Protection 6817.756 3367.000 8484.000 1186.195
Green_Economic_Opportunities 2441.091 359.000 5541.000 1287.510
Social_Inclusion 6504.844 4039.000 8159.000 918.934
HDI 0.761 0.646 0.845 0.047
Lower-middle-income economies

Efficient_Sustainable_Resource 4042.178 984.000 8352.000 1578.998
Natural_Capital_Protection 6609.640 3107.000 8408.000 1148.732
Green_Economic_Opportunities 2058.103 331.000 4834.000 1363.270
Social_Inclusion 4814.700 2036.000 7081.000 1405.214
Green_Growth_Index 3235.931 25.000 5554.000 1681.160
HDI 0.628 0.480 0.783 0.079
Low-income economies

Efficient_Sustainable_Resource 4220.200 2141.000 7201.000 1491.117
Natural_Capital_Protection 6603.150 4054.000 8455.000 1121.206
Green_Economic_Opportunities 1485.500 398.000 2710.000 956.821
Social_Inclusion 2853.200 1459.000 3948.000 671.531
HDI 0.482 0.394 0.574 0.047
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In addition, the quantitative methodology allows for more detail in the results, encourages
discussion and is more flexible (Qu & Dumay, 2011).

There is still no time series of data on measures of green growth that allows the con-
struction of a panel dataset to estimate multiple linear regressions using the generalized
methods of moments. As the data of the variables used were collected only for the year
2019 (smallest sample), linear regressions (single and multiple) were estimated by the ordi-
nary least squares method (OLS) in Eviews 6.0. However, this method has the disadvan-
tage of not being easy to apply to censored data, has optimality properties, and can be quite
sensitive to the choice of initial data (Greene, 2020).

As mentioned above, the 2020 green growth index, calculated based on the four meas-
ures of green growth (green economic opportunities, efficient and sustainable resource use,
social inclusion and natural capital protection), is not published for all countries. In order
to obtain the green growth index for all economies in the sample, a cluster or construct
was created that aggregates the four green growth measures. The aim is to obtain the green
growth index for each country by a group of economies in order to assess the impact of the
green growth index on economic development. To this end, with the obtained GGI, a sim-
ple linear regression was estimated for each group of economies, which is broadly specified
as follows (Eq. 1):

HDI; = ¢ + p,GGI; + y; (1)

where HDI measures economic development (dependent variable) in country i; GGI is
the green growth index (independent variable) of country i, being a cluster grouping of the
four green growth measures;  is the error term; i is the country.

In the second step, the impact of each of the four measures of green growth on the
economic development of the four economic groups into which the sample countries were
divided was assessed, and four multiple linear regressions were estimated. In generic
terms, multiple linear regression is specified as follows (Eq. 2):

HDI; = c+ p,ESR; + p,GEO,; + p;sNCP; + 3,51, + u; )

where HDI measures the economic development of country i and is the dependent vari-

able; the independent variables are ESR—efficient and sustainable resource use; GEO—
green economic opportunities, NCP— natural capital protection, and SI—social inclusion
of country i; y is the error term; i is the country.

For the estimation of the multiple linear regressions, it was verified that the following
assumptions were met (Greene, 2020): (1) errors (y;) are random variables of zero mean;
(2) errors (y;) are random variables of constant variance (62) - hypothesis of homoscedas-
ticity; (3) the random variables are independent; (4) the explanatory variables are uncor-
related - hypothesis of absence of multicollinearity between the explanatory variables; (5)
the errors y; follow a normal distribution. Additionally, a panel data stationarity analysis
was performed.

4 Results

The results of the stationarity analysis of sample data are shown in Table 2. We conclude
that our data are stationary, for mean stationarity is significant at 1%, 5% and 10%.

The first group of simple linear regressions estimated by OLS, as described above, aims
to assess the impact of the green growth index on economic development measured by HDI
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Table 2 Panel unit root tests

Tests variable

Levin-Lin-Chu
(2002) - adjusted t*

Breitung (2000) —
lambda (statistics)

Im-Pasaran—Shin
(1997) — t-tilde-bar
(statistics)

Efficient_Sustainable_Resource —1,9641%* —1,8531%* —1,6536%*
Natural_Capital_Protection —1,8922%* —1,7364%* —1,8034%*
Green_Economic_Opportunities —2,2254%%:% —1,5654%* —1,7509*
Social_Inclusion —2,3456%* —1,6345%%*:* —1,8306%**
Green Index —2,6987* —1,7543%:* —1,6649%*
HDI —17,9873 ##* —1,7385 ** —1,7942 **

Notes: (i) **%, ** * mean stationarity significant at 1%, 5% and 10%; (ii) In all tests, the null hypothesis
(HO) is all data panels contain a unit root. (iii) In the case of the Levin—Lin—Chu (2002) test and Breitung
(2000) test, we have used a time trend for all variables; In the case of the Im—Pasaran—Shin (1997) test, we
have used the time trend for all variables and subtracted cross-sectional means for Efficient Sustainable
Resources, Natural Capital Protection, Green Economic Opportunities, Social Inclusion and Green Index.

by a group of economies. The green growth index is a cluster or latent variable measured
by the green growth indicators—green economic opportunities, efficient and sustainable
resource use, social inclusion and natural capital protection. The results of the estimation
of simple linear regressions are shown in Table 3.

We can conclude that the green growth index measured by the four green growth meas-
ures significantly explains the economic development of three groups of economies (high-,
upper-middle-, and lower-middle-income economies). More specifically, a 10% variation
in the green growth index causes the HDI to vary by 61.6% in high-income economies
and 65.7% in upper-middle-income economies. However, it is not significant to explain the
economic development of low-income economies. Thus, we can conclude that hypotheses
Hla, H1b, and Hlc are confirmed, and H1d is rejected. Unlike other countries, the poorest
countries do not have the financial capacity to adopt more advanced and efficient technol-
ogy (Shahbaz et al., 2014). They have serious problems arising from population growth in
the context of very scarce resources, gender imbalance, low social equity and social protec-
tion, and low purchasing power (Duro et al., 2020). In this way, the priority of these coun-
tries is universal access to the most basic and essential levels of resources, justifying their
lesser concern with green growth.

Subsequently, as described above, the impact of each of the green growth measures
on countries’ economic development was assessed, and a multiple linear regression was
estimated for each group of economies. The results of these regressions are described in
Table 4.

We can conclude that although the green growth measures, when aggregated into clus-
ters (forming the green growth index), are explanatory of economic development, the
results change when their impact is assessed separately on the HDI. In high-income econo-
mies, natural capital protection and social inclusion are explanatory of economic develop-
ment, but with different impacts. While natural capital protection has a negative impact on
HDI (# = —0.313), social inclusion has a positive impact on HDI (8 = 0.842). Thus, the
SHa hypothesis is confirmed, and the 3Ha hypothesis is rejected.

The efficient and sustainable resources have a negative impact on HDI (8 = —0.022),
and the green growth opportunities have a positive impact (f = 0.151), although these vari-
ables are not significant in high-income economies. Therefore, we reject hypotheses H2a
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Table 4 Results of multiple linear regressions for each measure of green growth

Economies Variables Original sample (O) T Statistics P values R? R? Adjusted
10/
(STDEVI)
High-income economies ESR>HDI  -0.022 0.159 0.874 0.987 0.955
NCP>HDI -0.313 2.827 0.005%*
GEO>HDI 0.151 1.189 0.235
SI>HDI 0.842 5.798 0.000*
Upper-middle-income ESR>HDI  0.437 2.508 0.012*%* 0.810 0.861
economies NCP>HDI —0.292 1.488 0.137
GEO>HDI  0.188 1.620 0.106
SI>HDI 0.631 6.694 0.000*
Lower-middle-income ESR>HDI -0.069 0.498 0.619 0.766 0.736
economies NCP>HDI -0.003 0.036 0.972
GEO>HDI 0.073 0.940 0.347
SI>HDI 0.777 12.067 0.000%*
Low-income economies ESR>HDI —-0.074 0.190 0.849 0.707 0.731
NCP>HDI  0.161 0.512 0.609
GEO>HDI 0.212 0.926 0.355
SI>HDI 0.176 0.460 0.646

Note: * p=0.000; ** p<0.05

and H4a. In upper-middle-income economies, efficient and sustainable resource use and
social inclusion are explanatory of economic development, both positively impacting HDI
(# =0.437 and # = 0.631, respectively). Thus, hypotheses H2b and H5b are confirmed.

Natural capital protection has a negative impact on HDI (f = —0.292), and green eco-
nomic opportunities have a positive impact (3 = 0.188) in upper-middle-income econo-
mies, but they are not significant in explaining the economic development of this type of
economies, rejecting hypotheses H3b and H4b. In lower-middle-income economies, only
social inclusion is explanatory of economic development, positively impacting the HDI (3
= 0.777). Thus, hypothesis H5c is confirmed.

Also, in lower-middle-income economies, efficient and sustainable resources and natu-
ral capital protection have a negative impact on HDI (B = -0.069 and B = -0.003, respec-
tively), and green economic opportunities have a positive impact on HDI (8 = 0.073),
although they are not significant in this type of economies (hypotheses H2c, H3c and H4c
are rejected). In low-income economies, none of the green growth measures explain eco-
nomic development in this group of countries. The efficient and sustainable resource has a
negative impact (# = —0.074), and natural capital protection, green economic opportunities
and social inclusion have a positive impact (8 = 0.161, # = 0.212 and 8 = 0.176, respec-
tively), although they are not significant (rejects H2d, H3d, H4d and H5d).

Generally, we can conclude that the poorer the economy, the less green growth meas-
ures contribute to economic development. This may be because, in these economies, pri-
orities are still focused on other sustainable development goals that the green growth index
does not yet comprehensively assess in this type of economy. On the other hand, green
economic opportunities are not significant in explaining economic development in all
economies. This may result from the fact that this green growth measure, which encom-
passes green investment, trade, employment and innovation, is more focused on measuring
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economic growth, neglecting the social aspect. Social inclusion is a measure of green
growth that is significant in all economies except low-income economies, where the road to
social inclusion is still a difficult battle to win, despite the numerous projects that exist in
these economies on this topic.

5 Discussion

The results of this study point out that the positive impact of the global green growth index
on the HDI is significant in almost all economies except for the low-income economies. In
those countries, the separate effect of each dimension related to the green growth index is
not also significant. Despite several low-income countries improving their human devel-
opment significantly over the last years while maintaining a small ecological footprint, it
seems the majority increase HDI while also increasing their ecological footprint (Moran
et al., 2008). Hence, those countries should use green growth to improve economic and
development outcomes, although implementing alternative green pathways will require
adequate supporting policies (Luukkanen et al., 2019b).

Resources consumption is necessary for the economic development of all countries,
although it may increase emissions of greenhouse gases (Adedoyin et al., 2021). This study
shows that the effect of efficient and sustainable resources on HDI is only significant in
upper-middle-income economies since the use of resources is different accordingly to the
economic activities of each country. Hence, lower-middle-income and low-income econo-
mies are based largely on the agriculture sector, while high-income economies are based
on the service sector, which is associated with lower use of resources as energy when com-
pared to the industry sector, which mostly supports upper-middle-income countries (Shah-
baz et al., 2014). In this way, previous studies already concluded the increase in efficiency
of particular resources in middle-income countries is the reduction of cropland demand per
food consumption (Duro et al., 2020). The adoption of advanced technology allows more
sustainable use of resources, but the higher- and upper-middle income countries have more
financial capacity to invest in this technology (Shahbaz et al., 2014). The main sustainabil-
ity challenge is for low-income countries facing population growth, low agricultural yields
and purchasing power (Duro et al., 2020).

In high-income economies, natural capital protection has a significant but negative
effect on HDI, which may reflect the higher costs of their policies directed to the protection
of biodiversity, greenhouse gas emissions reductions and the improvement of environmen-
tal quality (Bjelle et al., 2021), while the economic development impacts may be felt only
a long run. According to Li et al., (2021), although the most evolved economies do not
essentially depend on natural resources, access is still essential to ensure economic devel-
opment and maintain competitive advantages. Attending that this specific green growth
measure may not be enough to increase HDI in countries where environmental limits have
already been largely exceeded, it will be required a combination of measures like substitu-
tion of industries, efficiency focus and sustainable consumption (Cibulka & Giljum, 2020).
In the other groups of economies, natural capital protection does not significantly impact
HDI, contradicting the positive contribution to economic development identified by Zhang
& Wang (2017) and Liu et al., (2021). The role of income has a significant impact on the
policies adopted, with high-income countries promoting incentives to reduce carbon emis-
sions, while middle-income countries tend to decrease carbon emissions by a policy of
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transferring economic structure, and low-income countries focus on mandatory measures
such as regulations and targets (Zhang & Wang, 2017).

In all groups of economies, the green growth opportunities do not significantly impact
HDI. Green employment, innovation, investment, or trade do not seem to present a dimen-
sion capable of making a difference in HDI. However, according to Bobylev et al., (2015),
green economic opportunities can promote economic development by creating new jobs
and greater investment in economies. In this sense, more policies to promote green growth
opportunities are essential, although they should focus on economic development goals
(Aceleanu et al., 2015). Moreover, green financial policies need to be more stable and con-
tinuum since deep fluctuations negatively influence carbon intensity and human welfare
(Ren et al., 2020).

Social inclusion has a significant and positive impact on HDI in all economies except
for low-income economies. These countries have significantly fewer social inclusion
expenditures per capita than others, including access to basic services and resources, gen-
der balance, social equity, and social protection (Ross et al., 2012). The more developed
economies have fought over the years for a more inclusive and less discriminating soci-
ety, influencing their levels of economic development (Li et al., 2021). Furthermore, social
inclusion measures are essential to prevent people from falling into poverty (Fiszbein
et al., 2014), especially in a period where the impacts of the COVID-19 pandemic affect
the groups already in or at risk of poverty (Banks et al., 2021). In the poorest economies,
despite the existing advances over time, they still have profound problems of social imbal-
ances in terms of equal opportunities, gender equality, equity, and inclusion (Sanchez et al.,
2021).

Countries with higher-income levels may provide more social wealth, resources, and
products to their citizens and invest more in environmental protection, which promotes
social inclusiveness and economic growth (Li et al., 2021). In this sense, the results of this
study show that the impact of efficient and sustainable resources on HDI is only significant
in the upper-middle-income economies, while social inclusion has a positive effect on HDI
in all economies, excluding low-income economies. Nevertheless, our study concludes that
the green growth opportunities do not have significant impacts on HDI, independently of
their level of income, distinguishing itself from the studies of Aceleanu et al., (2015) and
Kang & Lee (2021). Furthermore, natural capital protection has a negative impact on the
HDI of high-income economies. In this sense, there is still a long way to improve green
growth outcomes worldwide, especially those related to green growth opportunities (green
employment, green innovation, green investment, or green trade) and natural capital pro-
tection. This involves enlarging the existing global change research agenda and even creat-
ing new tools for measuring green growth (Luukkanen et al., 2019a).

6 Conclusion

International organizations, governments, and academia have expressed and discussed their
growing concerns about green growth (Sneideriené et al., 2020). For increasingly green
sustainable development to exist, there needs to be development, and for that sustainable
development to be long term, it must be accompanied by increased social, ecological, and
economic benefits (Lu et al., 2018). In this context, this paper aimed to assess the impact of
green growth measures on the economic development performance of high-income, upper-
middle-income, lower-middle-income, and low-income countries.
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In general, we find that green growth performance measures positively impact the eco-
nomic development of high income, upper-middle income, and lower-middle income coun-
tries. The results indicate that the poorer the economies (low-income countries), the less
green growth measures contribute to economic development performance. These econo-
mies may not be valuing and implementing measures that lead to green sustainable devel-
opment, or they may be implementing measures that are not reflected in the indicators pre-
sent in the green growth index (it is still very recent).

6.1 Policy recommendations

More specifically, the results point out that efficient and sustainable resource positively
impacts the economic development of upper-middle-income countries. Thus, high-income,
lower-middle-income, and low-income countries have to strengthen their policies regarding
material use efficiency, sustainable land use, efficient and sustainable water use, and effi-
cient and sustainable energy. These policies have to consider market coordination, mecha-
nisms available in institutions, industry, science and technology, and rural and urban coor-
dination to create an adequate infrastructure for green growth (Lu et al., 2018).

Regarding natural capital protection, in high-income countries, policymakers have to
focus on developing policies that enhance cultural and social value, biodiversity and eco-
system protection, greenhouse gas emissions reductions and environmental quality. Specif-
ically, policymakers have to make considerable investments in renewable energy to reduce
environmental quality and greenhouse gas (GHG) emissions. High-income countries must
eliminate biodiversity losses due to continued intensive agriculture and deforestation.
These countries must be able to reduce emissions from their natural resources, such as gas
and oil, and they must also reduce the unsustainable use of their scarce natural resources,
such as arable land and fresh water (Acosta et al., 2020a; Fang, 2013).

Concerning green economic opportunities, it is suggested that the policymakers of these
countries focus on developing policies in order to increase the rates of green investment,
green trade, green employment and green innovation. Thus, they must invest in scientific
knowledge and provide incentives for developing green skills. Therefore, business culture
must change, and job sustainability guidelines must be given (Grant, 2019). The develop-
ment and creation of green technology parks can be considered (Oliveira et al., 2021).

Regarding social inclusion, the road to good performance in social inclusion is still
long. Policymakers must join efforts to improve and guarantee social protection, social
equity, gender balance and access to basic services and resources. Policymakers can pro-
vide incentives for creating green companies and even provide benefits for hiring workers
for such companies. The waste management sector is an emerging and essential sector for
decreasing waste and transitioning to a greener and sustainable economy (Bozkurt & Stow-
ell, 2016; Stowell & Brigham, 2018). Thus, intensive practices should be encouraged, such
as composting, recovery, recycling, manufacturing of recycled materials, and transforming
waste into energy, eliminating open dumps and landfills (Hajar et al., 2020).

This paper is original, as studies covering the 2020 GGI data are rare. Moreover, this
study also considers the recent classifications of the world’s economies (high-income,
upper-middle-income, lower-middle-income, and low-income countries), based on Gross
National Income per capita (GNI per capita). No known papers assess the impact of green
growth measures on economic development performance, taking into account the most
recent classifications of the world’s economies. This article contributes to the development
and clarification of the literature on economic development and green growth, a relatively
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recent topic. We also leave some suggestions for policymakers of different groups of coun-
tries to increase and accelerate their sustainable green growth.

6.2 Limitations and future lines of research

As limitations, we mention that this study, due to the availability of GGI data, only pertains
to green growth performance in 2019. Some countries whose green growth index meas-
ures were presented for 2019 in the GGGI Technical Report - Green Growth Index 2020
had to be excluded from the sample due to a lack of data in 2019 and prevented build-
ing panel data and calculating regressions applying more robust statistical and econometric
techniques. On the other hand, OECD data concerning the green economy could have com-
pleted our database, but the lack of updated data collected in recent years made it impos-
sible to include them. The absence of longitudinal data prevented the application of more
robust econometric methods, such as the generalized method of moments.

As future lines of research, as soon as more data are available, it is possible to verify the
evolution of green growth from year to year (longitudinal study), that is, to build a panel of
data with several years and observations for several countries, allowing more robust econo-
metric methods to be applied. We can also test the impact of the sub-variables that make up
the four dimensions of the Green Growth Index. The HDI measured human development
and in future studies, we can use human development control variables such as average
life expectancy, education and GNI per capita. On the other hand, it would be interesting
to use a green HDI that directly incorporates the environmental dimension of economies
into measuring the economic development of countries. It is also pertinent to understand
the impact of green economic opportunities on the economic growth of economies and
innovation on green growth performance. Other variables not present in the Green Growth
Index can also be considered to study green growth. Studies comparing the green growth
of Northern Europe, Western Europe, Central-Eastern Europe and Southern Europe can
also be carried out. It is pertinent to study the green growth of peripheral and outermost
regions of the European Union. Qualitative and mixed studies can be elaborated, specifi-
cally studying which policies for green growth were implemented in each region and their
real impacts. New macroeconomic methods for sustainable growth (e.g. green technology
and investment, finance, tax) should be tested to help economies become greener. They can
also be considered, and taken into account, socio-economic variables that should be the
subject of reflection to reduce the deterioration of climate change.
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