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Abstract

This study aims to examine the impacts of energy consumption and economic growth on the human development
index of seven emerging countries (E-7) with high economic performance for yearly observations from 1992 to
2021. The analyses were carried out with second-generation panel data analyses: (i) Panel cointegration test with
structural breaks proposed by Westerlund (2006), (ii) augmented mean group estimator recommended by Eber-
hardt and Bond (2009), and (iii) Dumitrescu and Hurlin (2012) panel causality test. The empirical model also
included trade openness and urbanization parameters as control variables. The panel cointegration test outcomes
reveal the presence of a long-run relation among the human development index and energy consumption, economic
growth, urbanization, and trade openness for all countries. Augmented mean group test outcomes signify that
energy consumption, economic growth, and trade openness have positive and statistically significant impacts on
the human development index, whereas urbanization does not have any statistically significant impact in the long-
run. Finally, panel causality test results signify that there is a bidirectional relation between the human development
index and energy consumption, economic growth, and trade openness and also a unidirectional relation from ur-
banization to the human development index in E-7 countries. All these findings indicate that the main macroeco-
nomic indicators have an important role on the human development index in E-7 countries. In this context, these
countries should implement a more effective and innovative economic policy for Sustainable development goals.

Key words: human development index, economic growth, energy consumption, E-7 countries, panel data estima-
tions

Streszczenie
Niniejsze badanie ma na celu zbadanie wptywu zuzycia energii i wzrostu gospodarczego na wskaznik rozwoju
spotecznego siedmiu krajow wschodzacych (E-7) o wysokich wynikach gospodarczych w rocznych obserwacjach
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od 1992 do 2021 r. Analizy przeprowadzono z wykorzystaniem danych panelowych drugiej generacji analizy: (i)
panelowy test kointegracji z przerwami strukturalnymi zaproponowany przez Westerlunda (2006), (ii) rozszerzony
estymator grupy $redniej zalecany przez Eberhardta i Bonda (2009) oraz (iii) panelowy test przyczynowosci Du-
mitrescu i Hurlina (2012). W modelu empirycznym jako zmienne kontrolne uwzglgdniono takze parametry otwar-
tosci handlu i urbanizacji. Wyniki panelowego testu kointegracji ujawniaja istnienie dlugoterminowego zwiazku
pomi¢dzy wskaznikiem rozwoju spotecznego a zuzyciem energii, wzrostem gospodarczym, urbanizacjg i otwar-
toscig handlowa dla wszystkich krajow. Zwigkszone Srednie wyniki testow grupowych oznaczaja, ze zuzycie ener-
gii, wzrost gospodarczy i otwarto$¢ handlu maja pozytywny i statystycznie istotny wptyw na wskaznik rozwoju
spotecznego, podczas gdy urbanizacja nie ma statystycznie istotnego wplywu w dhuzszej perspektywie. Wreszcie,
wyniki panelowego testu przyczynowosci wskazuja, ze istnieje dwukierunkowa zaleznos$¢ pomiedzy wskaznikiem
rozwoju spolecznego a zuzyciem energii, wzrostem gospodarczym i otwarto$cig handlowa, a takze jednokierun-
kowa zalezno$¢ pomiedzy urbanizacja a wskaznikiem rozwoju spotecznego w krajach E-7. Wszystkie te ustalenia
wskazuja, ze gtdéwne wskazniki makroekonomiczne odgrywaja wazna rolg we wskazniku rozwoju spotecznego w
krajach E-7. W tym kontekscie kraje te powinny wdrozy¢ bardziej efektywng i innowacyjna polityke gospodarcza
na rzecz Celow zrownowazonego rozwoju.

Stowa kluczowe: Wskaznik rozwoju spotecznego, wzrost gospodarczy, zuzycie energii, kraje E-7, szacunki da-
nych panelowych

1. Introduction

The United Nations has been developing comprehensive policies to increase international cooperation in combat-
ing economic, social, and environmental problems experienced on a global scale since the 1990s. In particular, the
negotiations held in 2015 are the most important turning point of these efforts. At this meeting, joint negotiations
among 193 countries determined some valuable Sustainable development goals (SDGs) and reached a consensus
to achieve these targets by the end of 2030. SDGs include the solutions of some fundamental problems that directly
affect human life and well-being in developing and underdeveloped countries. Poverty, quality education, sustain-
able cities, climate change, economic growth and clean energy are some of the most important of these targets
(United Nations, 2023).

As an important engagement of development, energy is an indispensable input of production processes that directly
affects human welfare. Especially in the field of sustainable development, researchers are widely investigating
how increasing energy consumption will enable a healthier and higher standard of living without harming envi-
ronmental quality. In other words, they are trying to explain to what extent energy use/consumption will affect the
economic growth and development processes of countries (and, therefore, human well-being) without causing
environmental damage. It is widely accepted that energy consumption plays a key role in economic growth (Warr
& Ayres, 2010). It leads to high levels of economic activity and improved living standards (Hussein & Filho,
2012). In addition, it contributes to solving many social problems such as reducing poverty, increasing human
development, and improving the quality of life (Karekezi et al., 2012).

Energy usage/consumption has a close relation with both economic growth and development. First, in economic
literature, the relation among energy consumption and economic growth is commonly examined through the en-
ergy-growth nexus (Inglesi-Lotz, 2015; Ben Mbarek et al., 2016; Kahia et al., 2016; Bildirici & Gokmenoglu,
2017; Kogak & Sarkgiinesi, 2017; Gozgor et al., 2018; Stoenoiu, 2018; Chovancova & Vavrek, 2019). Energy is
considered the main driver of economic growth in traditional production processes (Stern, 2011), and its demand
is rapidly increasing due to social and economic developments in recent years (Kogak & Sarkgiinesi, 2017). Ac-
cording to the International Energy Agency (IEA, 2020), final energy consumption in the world was 4,667 million
tons of oil equivalent (mtoe) in 1973, and this demand reached 9,938 (almost doubled) mtoe in 2018. More spe-
cifically, the share of fossil fuels in total energy consumption in 2018 was at a high level of 67%, including oil at
40.8%, natural gas at 16.2%, and coal at 10%. This indicates that fossil fuels have significantly maintained (and
even increased) their important share in energy consumption in the last half century. Conversely, economic growth
also affects energy consumption patterns. Governments tend to prefer renewable energy sources rather than tradi-
tional energy derivatives such as coal, natural gas, and oil to prevent possible negative consequences of energy
consumption in the future (Wang et al., 2018). The IEA reports have emphasized that governments need to triple
their global renewable energy capacity by 2030. In this way, there will be a 39% increase in electricity production
from renewable energy by 2050 (Kogak & Sarkgiinesi, 2017).

Second, the relation among energy consumption and development is mostly examined through the energy—human
development nexus. The human development index is considered one of the most important indicators of social
welfare and is defined as a composite measure of countries’ income, health, and education levels (United Nations
Development Programme [UNDP], 1990). The increase in the human development index means that individuals
live a long, healthy, and quality of life (Akar et al., 2021). Undoubtedly, access to reliable and clean energy has
direct and positive effects on human welfare. It is important to have access to low-cost and reliable energy services


https://www.iea.org/

188 Kizilkaya et al./Problemy Ekorozwoju/Problems of Sustainable Development 2/2024, 186-202

to meet basic human needs such as lighting and heating (Alstone et al., 2015). In contrast, energy poverty, which
is a significant obstacle to human development, is defined as the lack of access to modern energy services (Casillas
& Kammen, 2010). It can hinder education, health, and economic opportunities, particularly in developing and
underdeveloped countries. Therefore, increases in energy consumption can contribute to human development by
improving living conditions and ensuring socio-economic progress (Sadiq et al., 2022a). However, millions of
people around the world are still left without the most basic and reliable services despite an increase in energy
production capacity (Alstone et al., 2015). The IEA (2022) estimated that the number of people living without
electricity rose by nearly 20 million in 2022, reaching nearly 775 million. This increase is expected to occur mostly
in sub-Saharan African countries, where the number of people without access to energy is almost back to its 2013
peak.

Finally, the relation among economic growth and human development is commonly examined through the growth—
human development nexus. In empirical studies, human development is considered both an input and an output of
economic growth (Boozer et al., 2003; Suri et al., 2011). Undoubtedly, economic growth contributes to the im-
provement of human development by increasing national income. However, economic growth alone cannot ex-
plain the basic features of human development because it does not reflect the improvement in people’s education
and living conditions. Instead, the human development index is a more realistic parameter for assessing the devel-
opment of a society and is the ultimate goal of economic development (Van Tran et al., 2019). In addition, the
improvement in the quality of labour is likely to contribute to economic growth by increasing productivity in
production. Ranis and Stewart (2005) stated that a high level of human development positively affects production
activities by increasing people’s creativity and productivity.

All countries severely need energy resources within the framework of their sustainable economic growth and de-
velopment policy targets. In literature, the economic and environmental effects of energy supply and demand are
discussed extensively by researchers. However, the impacts of energy consumption and economic growth on hu-
man development have received relatively little attention. The aim of this study is to analyze this relationship for
seven emerging market economies (E-7) with high economic performance and to contribute to the literature gap
on development economics.

E-7 economies are the countries with high energy consumption as a result of increasing population and rapid
urbanization (Tong et al., 2020). The lack of capital and technology investment in these countries causes environ-
mental regulations to not be implemented effectively, resulting in intense environmental destruction (Han et al.,
2023). Research reveals that E-7 countries have had a significant share in carbon emissions since the 1850s. In
particular, China, Russia, Brazil, and Indonesia are among the top 10 countries that cause the most carbon emis-
sions, with their shares of 11%, 7%, 5%, and 4%, respectively (Carbon Brief, 2021). In addition, these countries
also make significant contributions to the world production level. Hussain et al. (2022) predicted that E-7 countries
will produce more than 25% of world production by 2032, thus leaving G-7 countries behind. Similarly, these
countries are expected to grow at an average annual rate of 3.5% between 2016 and 2050. Hussain et al. (2022)
also estimated this rate will be limited to an average level of 1.6% for G-7 economies. In contrast, the UNDP
(2022) report revealed that E-7 countries do not have good levels in human development rankings as of 2021.
Among 191 countries, Tiirkiye and Russia rank 48th and 52nd, respectively, and are among the countries with
high levels of human development. China, Mexico, and Brazil are characterized as countries with high levels of
human development, with rankings of 79th, 86th, and 87th, respectively. Finally, India is among the countries with
medium human development, with its rank of 132nd.

The concept of sustainability has a complex structure. Accordingly, sustainability is not the maintenance of a
system in a stable state, but the adaptation of the system to change and the preservation of renewal resources for
this purpose. The important factor for sustainability here is the improvement of social and ecological capacity.
Therefore, sustainable development does not mean the continuation of existing conditions (Gallopin, 2003). In this
context, in 1987, the World Commission on Environment and Development tried to resolve the conflict between
environment and development goals by defining the boundaries of the concept of sustainable development
(WCED, 1987). Since then, as a result of extensive discussion of the concept, the three pillars of sustainable de-
velopment — economic, environmental and social - have become more widely used. These three aspects of sustain-
ability cause the objectives of economic development to be multidimensional (Harris, 2003). Especially in recent
years, the rapid urbanization process experienced worldwide has led to the emergence of economic benefits and
problems. Therefore, urban sustainability has become important for achieving Sustainable development goals
(Shen et al., 2012). Because although urbanization has been identified as an important development strategy, es-
pecially for developing countries, it also carries concerns such as air pollution and loss of arable land (Shen et al.,
2016). However, countries' trade policy can also be a facilitating force for sustainable development, as it has the
ability to influence the economy, culture and environment in both directions (Sheikh et al., 2020). Another factor
that is important for sustainability today is energy. In this context, the gradual replacement of fossil fuels highlights
different energy sources that can sustainably meet the amount of energy needed in the long term. One of these
energy sources is nuclear fission technology (Brook et al., 2014). However, there are opposing views on the role
of nuclear energy in sustainable development. Accordingly, it is argued that it should be phased out because it is
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a dangerous energy technology. Moreover, nuclear energy is not among the clean energy options in the UN dis-
cussions on sustainable development (Mourogov, 2000). However, the advancement of renewable energy technol-
ogies is emphasized for the success of sustainable energy production worldwide (Elliott, 2000). Therefore, there
is a global need to harmonize the education system for the deployment of renewable energy sources, mitigation of
the nuclear energy process and identification of new strategies for sustainable energy development (Afgan et al.,
1998). In this context, in terms of sustainable development, the common view is that it is important to increase the
level of human capital for the effective use of renewable energy resources (Yumashev et al., 2020).

Based on above information, we analyzed the impacts of energy consumption and economic growth on the human
development index for E-7 countries, controlling variables such as trade openness and urbanization. This study
makes three main contributions to the literature. First, it is one of the pioneering studies that investigated the impact
of energy consumption and economic growth on human development specifically for E-7 countries. Second, it
applies powerful and up-to-date econometrics testing methods such as Westerlund (2006) cointegration test, aug-
mented mean group (AMG) estimator provided by Eberhardt and Bond (2009), and Dumitrescu and Hurlin (2012)
panel causality method. Thus, it aims to contribute to the existing literature by providing more robust and unbiased
empirical evidence. Finally, it provides practical and political implications based on empirical evidence for E-7
countries within the framework of the SDGs and guides decision-makers to achieve higher human development.
The rest of the study is organized as follows. Section 2 reveals the theoretical relationship between sustainable
development and human development. Section 3 provides detailed information about the empirical literature on
the relationships among economic growth, energy consumption, and human development. Section 4 includes the
data and Section 5 explains the econometric method. Section 6 discusses the empirical findings. Finally, Section
7 provides conclusions and policy recommendations for future research.

2. The Nexus between Sustainable Development and Human Development

Sustainable development represents progress in enhancing human well-being while staying within the ecological
limits of the biosphere. Because the necessary condition for sustainability is that resource use remains within the
limits of nature's capacity to renew itself (Moran et al., 2008). It is also important to consider development as a
process that diversifies people's options and increases their capabilities, and to ensure this for future generations.
In other words, development should be sustainable. There is strong evidence that sustainable development should
take into account all components in a balanced way to meet the needs of the environment and the economy (Jepson,
2004). Sustainable development should take into account economic growth and social development to improve the
quality of life of current generations while balancing intergenerational well-being (Jin et al., 2020). Moreover, in
terms of environmental sustainability, the complex system of linkages between human activities and nature con-
servation allows for a strong relationship between human development and sustainable development (Vasquez
Roldan and Henao, 2017). For this reason, it is not correct to see human development and sustainable development
as alternatives to choose between (Griffin et al., 1994). In this context, the sustainability dimension of human
development has been analyzed in many studies (Estoque and Murayama, 2014; Bravo, 2014; Berryman and
Sauve, 2016; Biggeri and Mauro, 2018).

The main objective of human development is to create an environment in which individuals can enjoy a healthy
and higher quality of life. Accordingly, in a sustainable development approach integrated with human develop-
ment, which is a dynamic process, targets for expanding human capacity to improve welfare should be such as to
guarantee a minimum quality of life for future generations. Improving health and education will contribute to
human capital stock and lay the foundation for higher living standards for future generations (Costantini and
Monni, 2005). Education that results in improved well-being of individuals can be seen as an important transform-
ative factor in improving the environment for sustainable human development and ensuring future sustainability
(Landorf et al., 2008). Accordingly, given the low stock of human capital, especially in developing countries,
governments need to increase investment in human capital if they want to promote ecological conservation (Cos-
tantini and Monni, 2008). In a study confirming this, Moyer and Bohl (2019) emphasized that improving human
development is important, especially for many developing countries to achieve their Sustainable development
goals. This is because the achievement of some development goals requires prior success in other factors, such as
achieving a certain level of education. In this context, especially in recent years, it is stated that sustainable devel-
opment emphasizes the welfare and happiness of people as well as the sustainability of natural resources and
ecological sustainability (Yan et al., 2018). The aim here is to achieve environmental sustainability along with
human development. This is now recognized as a process reflected in Sustainable development goals (Hickel,
2020). Because there is a strong relationship between achieving sustainable development and welfare indicators
(De Neve and Sachs, 2020). In a different approach, human development enables the identification of the appro-
priate route to achieve Sustainable development goals (Conceicao, 2019). In this respect, human development
offers a process that promotes a contextual framework for sustainable development that not only focuses on eco-
nomic growth, but also advocates for a more equitable distribution and regeneration rather than destruction of the
environment (Mosteanu et al., 2014).
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Figure 1. Trends in the Human Development Index of E-7 Countries

Figure 1 indicates the human development trends of E-7 countries from 1990 to 2021. As can be seen, the human
development index shows an uptrend in all E-7 countries in this period. India is the country with the lowest human
development index in the period 1990-2021. However, Tiirkiye and China have the highest growth rate in the
human development index, especially in recent years.

3. Literature Review

In recent years, a large and important research area has emerged specifically in the energy economics literature.
The basis of this development is undoubtedly the direct impacts of energy usage on both economic activities and
social welfare. Many of the studies in the energy-related literature are commonly shaped around several main
approaches. The first of these are studies investigating the relations among energy use and human development.
A large body of research has stated that energy consumption contributes to the human development process. Ac-
cordingly, Kanagawa and Nakata (2008) revealed that access to energy has significant impacts on education, econ-
omy, and health in rural areas of India. Martinez and Ebenhack (2008) analyzed the relation among energy con-
sumption and human development for 120 countries and discovered that there is a strong correlation among these
two variables, especially in energy-poor countries. Pasten and Santamarina (2012) stated that energy consumption
is a necessity to sustain life and is also directly linked to the quality of life. Roy et al. (2015) found that energy
consumption increases the human development index. Njiru and Letema (2018) revealed that energy poverty af-
fects the development of life expectancy, nutrition, and education in Kenya. They also found that access to energy
affects health and the ability to be successful. Murillo-Alvarado and Ponce-Ortega (2022) indicated that biogas
energy allows the improvement of the human development process in Mexico. Adekoya et al. (2021) examined
yearly observations of 126 countries from 2000 to 2014 and concluded that renewable energy positively affects
human development. Satrovic (2018) obtained similar results for Tiirkiye using annual data from 1992 to 2015.
Acheampong et al. (2021) examined 79 energy-poor countries using the ordinary least squares procedure for the
period 1990-2018 and concluded that access to electricity and clean energy is important for human development.
Banday and Kocoglu (2022) investigated a sample of emerging economies using a panel quantile regression ap-
proach for the period 1990-2014 and found that energy use has positive impacts on the human development pro-
cess. Sadiq et al. (2022b) researched BRICS countries from 1990 to 2019 and found that the renewable and nuclear
energy usage improves human development in these countries. Using data from the same period, Sadiq et al.
(2022a) also concluded that nuclear energy consumption increases human development for a sample of 16 selected
OECD countries.

Conversely, some studies focused on the causal relation among energy use and human development. Niu et al.
(2013) examined 50 countries using the panel data estimation for the period 1990 to 2009 and found there is
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bidirectional causality among electricity consumption and human development in the long run. They also con-
cluded that electricity consumption and human development increase if the countries have a high income level.
Ouedraogo (2013) investigated 15 selected developing countries from 1988 to 2008 and revealed that human de-
velopment has a negative relation with energy consumption and also a positive relation with electricity consump-
tion in the long run. The outcomes also showed that there is no causal relation among the series in the short run.
Wang et al. (2020) analyzed BRICS countries from 1990 to 2015 and revealed that biomass energy provides an
improvement in the human development index. Sasmaz et al. (2020) researched a sample of 28 OECD countries
from 1990 to 2017 and found that renewable energy positively affects human development in these countries.
Wang et al. (2021) obtained similar results for BRICS countries using similar variables for the period 1990-2016.
Similarly, Azam et al. (2021) found the same results for 30 developing countries in the period 1990-2017. Hash-
emizadeh et al. (2022) revealed bidirectional causal relations between non-renewable and renewable energy and
human development for the period 1990-2015 in the sample of G7 countries.

Several studies have found that energy consumption has negative impacts on human development. Pirlogea (2012)
indicated that high energy intensity harms human development in European Union countries. Huskic and Satrovic
(2020) examined the 10 countries with the highest energy consumption using the vector autoregressive model from
1990 to 2015 and concluded that renewable energy usage negatively impacts the human development process in
these countries. Ibrahim et al. (2021) analyzed 43 sub-Saharan African countries using OLS and SYS-GMM mod-
els from 1990 to 2017 and found that non-renewable energy has negative impacts on the human development index
and average life expectancy. Finally, a small number of studies found that energy does not contribute to human
development. Gohlke et al. (2011) found that electricity consumption does not provide more health benefits in
some countries with a certain level of birth rates. Mazur (2011) indicated that there is no relationship between the
increase in energy use and the improvement in quality of life. Wang et al. (2018) examined Pakistan using two-
stage least squares estimation method for the period 1990-2014 and concluded that renewable energy does not
contribute to human development.

The second part of the studies commonly focused on the relation among economic growth and human develop-
ment. Increase in per capita income will contribute to the improvement of education and health quality because of
the increase in purchasing power. A high level of human development is expected to contribute to the development
process (Sofilda et al., 2015). Additionally, human development can also have an important role in sustainable
economic growth (Suri et al., 2011). Ranis and Stewart (2005) found that the human development process is di-
rectly linked to economic growth. Arisman (2018) revealed that per capita income affects human development for
ASEAN countries. Khan et al. (2019) indicated that economic growth and communication technologies support
human development for Pakistan. In another study using data from 1990 to 2016 for the same sample, Fatima et
al. (2019) found causality relation among economic growth and human capital.

The third part of the studies focused on the relations between international trade and human development. Inter-
national trade increases the income levels of countries and thus contributes to the improvement of development
indicators such as health and education as well as human development. For this reason, recent research has tended
to examine the impacts of international trade on human development as well as its stimulating feature of economic
growth. Accordingly, Hamid and Amin (2013) indicated that trade is related to the human development process
only through the income channel. Kabaday1 (2013) revealed that an increase in trade openness improves the stand-
ard of living. Tahir and Khan (2014) found that trade openness positively affects economic growth by using the
two-stage least squares procedure for developing countries in the Asian region. Kumar (2017) found that there is
a significant relation among trade openness and human development for seven ASEAN member countries.
Mbabazi (2017) examined for sub-Saharan African countries using the GMM procedure from 2004 to 2014 and
found that the increase in trade has positive impacts on the improvement of social welfare. For the same sample,
Tsokalida and Yang (2019) and Behailu (2023) found that trade openness positively affects the level of human
development. Mustafa et al. (2017) revealed that trade liberalization policies contribute to the human development
process for a sample of Asian economies. Fankem and Oumarou (2020) revealed that an increase in trade openness
promotes economic growth for a sample of sub-Saharan African countries.

Finally, the fourth part of the studies focused on the relations between urbanization and human development. It is
possible to explain the relation between human development and urbanization through economic growth (Nguea,
2023). Accordingly, some studies have found that urbanization has a close relationship with economic growth
(Solarin & Shahbaz, 2013; Tamang, 2013; Hong et al., 2021). Urbanization has positive effects on human life such
as safe nutrition and easy access to health services. Conversely, it also has many harmful effects such as urban
congestion, crime, and the emergence of stress-related diseases. In addition, unplanned urban growth and popula-
tion increases negatively affect human health by causing environmental degradation (Moore et al., 2003). Uche
(2022) indicated that urbanization negatively affects environmental quality. Li et al. (2012) stated that urbanization
in China causes health problems by causing changes in the environment and lifestyle. In contrast, Kongkuah et al.
(2022) found that urbanization reduces environmental pollution caused by carbon emissions in the long term.
There are many studies in the literature investigating the relation among environmental pollution and human de-
velopment (Nazeer et al., 2016; Smith, 2016; Van Tran et al., 2019; Wang et al., 2019; Amer, 2020; Omri &
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Belaid, 2021; Dumor et al., 2022; Opoku et al., 2022; Saqip et al., 2022). Nathaniel (2021) found that the interac-
tion among human capital and urbanization contributes to the reduction of environmental degradation. Opuku et
al. (2022) concluded that improvement in human development has an important role in ensuring environmental
sustainability. Chankrajang and Muttarak (2017) revealed that increasing the duration of education increases the
possibility of environmentally friendly activities for Thailand. In this context, urbanization has significant potential
to promote human capital accumulation (Bertinelli & Black, 2004).

Urbanization contributes to human development by providing improvements in income, health, and education.
However, these improvements may not always be possible. Daneshm Naruee et al. (2022) examined a sample of
developing countries using regression analysis from 1990 to 2017 and revealed that urbanization has a negative
impact on human development. Njoh (2003) indicated urbanization and development were positively related to
the sub-Saharan African region. Anisujjaman (2015) found that there is a positive relation among urbanization and
the level of human development for the state of West Bengal in India. In same region, Bhattacharya (1998) con-
cluded that the human development level is higher in regions with higher urbanization. Huang and Jiang (2017)
found that the human development index was higher in urban areas than in rural areas in China. Maiti (2017) stated
that urbanization is an important factor in increasing the human development index for China and India. Tripathi
(2021) analyzed a sample of 187 countries with different income levels by using Tobit model and concluded that
urbanization is necessary for a higher human development index for these countries. Nipo et al. (2021) examined
33 low- to middle-income countries for the period 2000-2019 and found that the increase in urban population
increased the level of human development. Nguea (2023) researched 33 African countries for the period 1990—
2019 and concluded that the increase in urbanization led to an improvement in the level of human development.
As a summary of this section, most of the studies emphasized the important relations between energy consumption,
economic growth, urbanization, and human development. However, the results showed a mix character due to the
differences of data range, selected country and/or country groups, and estimation method. Accordingly, increases
in energy use supports human development. Moreover, the human development index is likely to be high because
of better living standards in urban areas. As we know from the above literature, there is no study examining the
relation among energy consumption, economic growth, urbanization, and the human development index in E7
countries together. The aim of this research is to enrich the literature by analyzing the relationships among the
relevant variables in more detail.

4. Data

This study examined the impacts of energy consumption and economic growth on human development by con-
trolling trade openness and urbanization in E-7 countries for the period 1992-2021. The countries in question are
Brazil, China, Indonesia, India, Mexico, Russia, and Tiirkiye, respectively. Following Wang et al. (2018) and
Pham et al. (2024), we construct the model given by Equation (1):

hdi;y = ag + Brecie + Bregi + Bstrade; + Pyurby + & (1)
In the equation, hdi is the human development index, ec is the total primary energy consumption, eg is the level
of real gross domestic product per capita, trade is trade openness, and finally, urb is the level of urbanization. i
and t are the cross-section (country) and the time (year) subscript, respectively. a, is the constant term, and ¢&;; is
the error term. Error term demonstrates the impact of other determinants on human development in E-7 countries.
B1, B2, B3, and B, express the coefficients of energy consumption, economic growth, trade openness, and urbani-
zation parameters, respectively.

Table 1. Variable Definitions

Variables Indicators Measurements Sources
Human Development hdi Human Development Index UNDP
Energy Consumption ec Primary Energy Consumption British Petroleum
(Exajoules) (2022)
Economic Growth eg GDP per capita (constant 2015 US$) World Bank (2023)
Trade Openness trade Trade (% of GDP) World Bank (2023)
Urbanization urb Urban Population Growth World Bank (2023)

Definitions of the variable used in the study are given in Table 1. To reduce the effect of outliers and heterogeneity,
the human development index, energy consumption, GDP per capita, and trade openness series have been trans-
formed into natural logarithm form. Because of the presence of negative values, natural logarithm transformation
was not applied to the urbanization series. Pairwise correlation outcomes are included in Table 2.

The correlation analysis outcomes given in Table 2 demonstrate that there is a positive and statistically significant
relation between economic growth, trade openness, and urbanization and the human development index. In addi-
tion, the correlation coefficient showing the relation among energy consumption and the human development index
is statistically insignificant.
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Variable(s) hdi ec eg trade urb
hdi 1

ec 0.065 1

eg 0.917* -0.064 1

trade 0.369* -0.010 0.200* 1

urb -0.659* -0.119*** -0.553* -0.123*** 1

Note: *, ** and *** demonstrate statistical significance at the 1%, 5% and 10% level, respectively.
5. Econometric Methodology

Examination of the relations among the variables included in the study was carried out using panel data analyses.
Before investigating the presence of cointegration relationship, cross sectional dependency and unit root analyses
were performed. The cross-sectionally augmented Im-Pesaran-Shin (CIPS) test recommended by Pesaran (2007)
was applied to examine the stationarity of the series. Then the structural breaks panel cointegration method (West-
erlund, 2006) was performed to investigate the presence of the cointegration relation. Long-run coefficients were
obtained using the AMG estimator provided by Eberhardt and Bond (2009). Finally, Dumitrescu and Hurlin (2012)
procedure was applied to check the causality relation among variables.

5.1. Cross-Sectional Dependency and Slope Homogeneity Tests

An economic shock in one country can impact the economic activities of other countries directly and indirectly.
In this context, it is imperative to investigate cross-sectional dependence in order to choose the suitable method in
econometric analysis. Pesaran (2006) stated that ignoring cross-sectional dependence will result in significant bi-
ases and size distortions. Conversely, Breitung (2005) specified that the assumption of homogeneity for the panel
data does not capture the heterogeneity because of country-specific characteristics. For this reason, the study will
first check the cross-sectional dependence and slope homogeneity. In this study, the presence of cross-sectional
dependence was investigated using the bias-adjusted Lagrange Multiplier (LM) test recommended by Pesaran et
al., (2008). The LM,; test statistics is given in Equation (2)

LMaaj = (N(N— 1)) Z Z

i=1 j=i+1
Here, k is the number of regressors and ur;; and vr;; express the exact mean and variance of (T — k)ﬁizj, respec-
tively. The null hypothesis of this test states that there is no cross-sectional dependence. It is also important to take
into account heterogeneity in the estimated parameters for each panel. Swamy (1970) proposed the slope homo-
geneity test given in Equation (3) to determme cross-country heterogeneity.

§= Z(:Bl ,BWFE),xl M (.81 ,BWFE) 3)

In Equation (3), f3; is the pooled least squares estlmator and BWFE is the Welghted fixed effects pooled estimator.
M indicates the identity matrix, and 67 represents the estimator of ¢. Pesaran and Yamagata (2008) recom-
mended the following standardized distribution statistics:

(T = k)P — pry

Urij

(2)

o N71S—k
A=VN|——— 4
(5 @
The small sample properties of the A test can be improved by using the following bias-adjusted version under
normally distributed errors:
- N71§ —E(z;
Rgaj= VN <¢) (5)
yvar(Zy)

where E(Z;;) = k and var(Z;,) = 2k(T —k—1)/(T + 1).

5.2. Panel Unit Root Test

Second-generation unit root tests consider cross sectional dependence and provide consistent and reliable out-
comes for balanced panel data. In this study, the second generation CIPS unit root test developed by Pesaran (2007)
was employed. The CIPS test statistic is calculated using cross-sectionally augmented Dickey-Fuller (CADF) sta-
tistics. CADF test statistics are obtained by the following equatlon

Aylt =a; + .Blylt 1 + 6Lyt 1 + Z gleyt -j + Z#L]Ayl t—j + Eit (6)
j=0 j=1
Here, A states the difference operator and y,_; is the average of the lagged level of each cross-section. The CIPS
statistics is presented in Equation (7) as follows:
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CIPS =N~ ZCADF (7)

where CADF; represents the CADF test statistics for the ith cross -sectional unit in Equation (6). Although the null
hypothesis of the test (Hy: 8; = 0 for all i) signifies the existence of unit root in the panel, the alternative hypoth-
esis signifies stationarity.

5.3. Panel Cointegration Test
Westerlund (2006) recommended a cointegration procedure based on the McCoskey and Kao (1998) study that
allows for multiple structural breaks. The Westerlund (2006) cointegration test takes cross-sectional dependency
into consideration. This method allows different numbers and different dates of breaks for each individual. The
data generation process in the Westerlund (2006) test is defined as follows:
Vit = VijZir t BiXie + €y (8)
€ir = Tip + Wi, Tie = Tie—1 + DiUye €))
where x;; = x;;_; + v;; IS a dimensional vector of explanatory variables; z;, denotes a vector of deterministic
components. The null hypothesis (Hy: @; =0 for alli =1,...N) is tested against the alternative hypothesis
(Hi:9; #0 foralli=1,..N; and @; =0 for alli = N; + 1, N; + 2, ... N) for all countries of the panel under
multiple structural breaks. Here, the null hypothesis states that all individuals forming the panel are cointegrated.

In the Westerlund (2006) panel cointegration test, the LM statistics is obtained as follows:
N M;+1 Tij

Z(M) = ZZ Z - 1) (10)

Ll]ltTUl+1 Tij =
In Equation (10), j =1, ..., M; + 1 signifies structural breaks; T;; is the ]th break date of country i; S;; =
ZizT”_lﬂ é;. and &, are any efficient estimates of e;; and @7 represents a consistent estimate of the long run

variance of e;.. Within the framework of this test, the procedure developed by Bai and Perron (2003) was used to
determine structural break dates endogenously.

5.4. Panel Causality Test

The Granger (1969) causality procedure assumes that the slopes are homogeneous across the cross section. The
Dumitrescu-Hurlin (D-H, 2012) causality technique allows heterogeneity across the cross-sectional units. Because
of the existence of heterogeneity and cross sectional dependence in our panel data, the D-H causality analysis was
employed. The D-H test procedure is based on the Granger procedure. Dumitrescu and Hurlin (2012) suggested
the model given in Equation (11):

K K
Vie = a; + Z 88k + Z 0%, i + & (11)
k=1 k=1
where i is the cross-sections and ¢ is the time period. a; denote fixed individual effects. 6i(k) and 9}") are auto-
regressive parameters and regression coefficients, respectively. In the D-H causality test, the null hypothesis of no
causality is tested. D-H test statistics are given below:

Wy'P¢ =N~ ZWLT (12)
N
Zyy© = /W(WW—M) ~N(0,1) (13)

where W; ;- shows the individual Wald statistical values; Wy/¥¢ and Z§¥¢ are the average and standardized test
statistics, respectively; and N signifies the number of cross sections and M is the appropriate lag length.

6. Findings

6.1. Cross-Sectional Dependency and Slope Homogeneity Tests Results

The first stage of the econometric analysis involves examining cross-section dependence (CD) and slope homoge-
neity. Findings from the CD test help decide among first and second generation estimation approaches. In this
study, we used LM (Breusch & Pagan, 1980), CDm (Pesaran, 2004), CD (Pesaran, 2004), and LM,; (Pesaran et
al., 2008) methods. The findings obtained from the cross-section dependency and slope homogeneity tests are
presented in Table 3.
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Table 3. Cross-Sectional Dependence and Slope Homogeneity Results
Panel A: Cross-Section Dependency Tests
hdi ec gdp trade urb M.OdEI
residuals
48.622* 29.981*** 37.012** 46.007* 187.335* 45.405*
LM (BP,1980) (0.001) (0.092) (0.012) (0.001) (0.000) (0.002)
€D, (Pesaran, 2004) 4.262* 1.386*** 2.471* 3.859* 25.666* 3.766*
Ly : (0.000) (0.083) (0.007) (0.000) (0.000) (0.000)
-3.140* -2.774* -3.099* -2.572* -2.557* 3.772*
CD (Pesaran, 2004) (0.001) (0.003) (0.001) (0.005) (0.005) (0.000)
65.853* 68.699* 66.053* 35.197* 62.367* 6.001*
LMaq; (PUY, 2008) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Panel B: Slope Homogeneity Tests
Statistics p-value
A 11.575* 0.000
Agaj 12.890* 0.000

Note: *, ** and *** demonstrate statistical significance at the 1%, 5% and 10% level, respectively.

According to the cross-sectional dependence outcomes, the null hypothesis of no cross sectional dependence for
the variables and model residues is strongly rejected. These results signify that there is cross sectional dependence
among panel members. In other words, any shock that occurs in one of the countries considered also impacts other
countries. As can be seen in Table 3, the null of homogeneity is rejected for two homogeneity tests (A and ﬁadj).
This outcome reveals the presence of slope heterogeneity. The presence of slope heterogeneity means that slope
coefficients vary across countries.

6.2. Unit Root Analysis

In testing the stationarity of the variables, panel data methods that take cross-sectional dependence into consider-
ation should be employed. In this regard, the stationarity properties of the series were examined using the CIPS
unit root test. Panel unit root test findings are given in Table 4.

Table 4. CIPS Unit Root Test Results

Levels First Differences
Variable(s) Constant Constant and Trend Constant Constant and Trend
hdi -2.276%** -2.368 -3.427* -3.512*
ec -2.171 -2.420 -2.842* -2.775***
gdp -1.749 -1.666 -2.871* -2.895**
trade -2.001 -2.450 -3.782* -3.067**
urb -2.318*** -2.382 -2.932* -3.014**

Note: *, ** and *** demonstrate statistical significance at the 1%, 5% and 10% level, respectively.

Table 4 signifies that the null hypothesis of unit root for the human development index, energy consumption,
economic growth, trade openness, and urbanization variables cannot be rejected. In other words, all series have
unit roots. When the first differences of these variables are taken, it is seen that they become stationary. Unit root
test outcomes display that all series are I(1) and that the necessary prerequisite for examining the cointegration
relationship is met.

6.3. Cointegration Analysis

After we performed unit root analysis, the cointegration approach should be applied in the next step. The cointe-
gration approach is used to solve the problem of building models with non-stationary variables. If there is a coin-
tegration in the model, it means there is a long-run equilibrium relation among the variables. In this study, the
Westerlund (2006) panel cointegration method, which considers multiple structural breaks, was employed. In this
cointegration test, to determine whether there is a cointegration relation, the asymptotic p-value is employed in
cases where there is no cross-sectional dependence, and the bootstrap p-value is employed in cases where there is
cross-sectional dependence. Because there is cross-sectional dependence in this study, bootstrap p-values were
taken into account. The results of the cointegration method presented in Table 5.

Failure to reject the null hypothesis in the Westerlund (2006) procedure indicated the presence of a cointegration
relationship. As seen in Table 5, the null hypothesis cannot be rejected for all models. The panel cointegration test
outcomes indicated evidence of the presence of a long-run relation among the human development index, energy
consumption, economic growth, urbanization, and trade openness. Table 5 also shows the number of breaks and
break dates. Accordingly, it is seen that countries generally have two structural breaks.
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Table 5. Westerlund (2006) Cointegration Test Results
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Description LM Asymptotic Bootstrap
p-values p-values
Model 1 No break in constant -0.627 0.735 0.999
Model 2 No break in constant and trend -0.129 0.551 0.987
Model 3 Break in constant -66.517 0.999 0.871
Model 4 Break in constant and trend -1006.432 0.999 0.979
Breaks
Model 3 Model 4
Break Number Break Dates Break Number Break Dates
Brazil 2 1997 2005 2 2002 2012
China 2 2009 2015 2 2006 2013
Indonesia 0 - - 2 1998 2014
India 1 2000 - 1 2004 -
Mexico 2 1998 2013 2 2007 2014
Russia 1 2005 - 2 1999 2008
Tiirkiye 2 1999 2010 1 2012 -

Note: The structural breaks are estimated using the Bai-Perron (2003) methodology.

6.4. Estimating Long-Run Cointegration Coefficients

In this part of the study, after determining the cointegration relation among the series, long run coefficients were
estimated using the AMG estimator method provided by Eberhardt and Bond (2009). The AMG method estimates
long-run parameters by taking cross sectional dependence into account in the analysis. This method also allows
for heterogeneous slope coefficients among panel members. AMG estimation findings are shown in Table 6.

Table 6. AMG Estimation Results

Countries ec gdp trade urb
Brazil 0.077** -0.004 0.009 0.011
(0.042) (0.909) (0.327) (0.199)
China -0.010 0.139* 0.035* -0.004
(0.458) (0.000) (0.000) (0.402)
Indonesia 0.092* 0.063* 0.003 0.001
(0.000) (0.000) (0.656) (0.765)
india 0.113 0.126*** 0.016 0.036
(0.212) (0.097) (0.129) (0.163)
Mexico 0.122* 0.051** -0.009 -0.015**
(0.000) (0.049) (0.193) (0.020)
Russia 0.030 0.067* 0.021* 0.014*
(0.250) (0.000) (0.006) (0.009)
Tiirkiye -0.087 0.252* 0.001 0.005
(0.123) (0.000) (0.987) (0.357)
Panel 0.048*** 0.099* 0.011** 0.007
(0.092) (0.001) (0.049) (0.247)

Note: *, ** and *** demonstrate statistical significance at the 1%, 5% and 10% level, respectively. The p-values are reported
within the parentheses.

As can be seen in Table 6, energy consumption has a statistically significant and positive effect on human devel-
opment for Brazil, Indonesia, and Mexico, which indicates that increases in energy consumption tend to increase
human development. Specifically, the energy consumption coefficient for Brazil, Indonesia, and Mexico was ob-
tained as 0.077, 0.092, and 0.122, respectively. Accordingly, a 1% increase in the energy consumption in Brazil,
Indonesia, and Mexico causes a 0.077%, 0.092%, and 0.122% increase in the human development index, respec-
tively. The coefficients of energy consumption for China, India, Russia, and Tiirkiye are statistically insignificant.
The economic growth is statistically significant and has a positive impact on human development in all E-7 coun-
tries except Brazil. Accordingly, increasing economic growth in these countries leads to increased human devel-
opment. Specifically, the economic growth coefficient for China, Indonesia, India, Mexico, Russia, and Tiirkiye
was obtained as 0.139, 0.063, 0.126, 0.051, 0.067, and 0.252, respectively. This result means that a 1% increase
in economic growth in China, Indonesia, India, Mexico, Russia, and Tiirkiye causes a 0.139%, 0.063%, 0.126%,
0.051%, 0.067%, and 0.252% increase in the human development index, respectively. The trade openness has a
statistically significant and positive impact on human development for China and Russia, which demonstrates that
increases in trade openness tend to increase human development. Specifically, the trade openness coefficient for
China and Russia was obtained as 0.035 and 0.021, respectively. Accordingly, a 1% increase in the trade openness
in China and Russia causes a 0.035% and 0.021% increase in the human development index, respectively. The
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coefficients of trade openness for Brazil, Indonesia, India, Mexico, and Tiirkiye are statistically insignificant. Fi-
nally, the coefficient of urbanization is negative and statistically significant for Mexico, whereas it is positive and
statistically significant for Russia. Accordingly, an increase of urbanization in Mexico leads to a decrease of human
development. In addition, an increase in the rate of urbanization leads to an increase in human development for
Russia.

The long run findings of the panel signify that the level of economic growth has positive and significant impact
on human development at the 1% level. Accordingly, a 1% increase in economic growth increases the human
development index by 0.099%. That the energy consumption coefficient is positively significant at the 10% level
in the long run signifies that a 1% increase in energy consumption will cause the human development index to
increase by 0.048% in the long run. The coefficient of the trade openness is positive and statistically significant at
the 5% level. This means that a 1% increase in the level of trade openness increases the human development index
by 0.011% in the long run. Finally, the coefficient of the urbanization variable is positive and statistically insig-
nificant.

Overall, we can draw some important country-specific inferences from these results. First, economic growth has
a vital importance on human development in E-7 countries because it shows increasing impacts on all emerging
countries except for Brazil. Despite some global challenges such as economic, political, financial, and natural
issues, these countries keep their priority on sustained and inclusive economic growth, and therefore they can
contribute to human development standards by creating decent jobs and improving living conditions in their coun-
tries. Second, energy consumption has a second importance on human development in E-7 countries. Only three
countries can benefit from the advantages of energy consumption on human development, namely Brazil, Indone-
sia, and Mexico. Energy usage is an indispensable input for both production and consumption processes across the
world. The widespread use of fossil fuels, especially in crowded countries such as China and India, can cause
environmental pollution and serious harm to human health. In contrast, the use of clean energy can contribute to
human development by decreasing health damage and environmental degradation. These three emerging countries
are more successful than others in terms of the contribution of energy consumption to human development thanks
to clean energy and technology investments. Third, international trade (or trade openness) has limited impact on
human development in only two countries. As is known, China is one of the most important trading countries in
the world. Its comparative advantages in terms of the labor force and capital stocks in the production process make
a significant contribution to its economic growth potential. This also contributes to the use of trade earnings on
human development and to increase social welfare. Finally, urbanization is the only parameter that shows no im-
pact on human development in E-7 countries in group estimation. Specifically, it decreases the human development
process in Mexico because irregular and unplanned urbanization brings with it many social, economic and social
problems. For Russia, urbanization has a positive but negligible impact on human development.

6.5. Causality Analysis

After investigating the presence of cointegration, the direction of the causality relations among the variables needs
to be determined. Therefore, the D-H test was applied to investigate the pairwise causal dynamics. The findings
of the causality analysis presented in Table 7.

Table 7. D-H Panel Causality Test Results

Causality path W-statistics Z-statistics p-values
ec—hdi 6.621 8.970 0.000
gdp—hdi 9.644 13.868 0.000
trade—hdi 8.618 12.207 0.000
urb—hdi 9.520 13.667 0.000
hdi— ec 5.952 7.888 0.000
hdi— gdp 6.678 9.063 0.000
hdi— trade 2.949 3.022 0.003
hdi— urb 1.435 0.569 0.569

The outcomes of the causality analysis have displayed that there is a bidirectional causality relation between the
human development index and energy consumption, economic growth, and trade openness in E-7 countries. Ad-
ditionally, unidirectional causality relation is obtained from urbanization to the human development index.

7. Conclusion and Policy Recommendation
Developing countries need energy resources more and more each day as a result of increasing production capacities

and rapid population growth. The lack of energy capacity creates a new obstacle to a sustainable economic growth
policy for countries that currently have capital and technology deficits. Efforts to meet the energy demand of
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developing countries generally entail environmental costs, especially in terms of human health and climate crisis,
and also lead to a conflicting relationship with the Sustainable development goals of the United Nations.

It is widely discussed in the literature that developing countries are moving away from their development goals
while realizing their economic growth potential. However, there is no clear consensus on the dimensions of this
relation. This study addresses this literature gap. In this context, the study examined the dimensions of the long-
run relation among the human development index and energy consumption, economic growth, urbanization, and
trade openness for the emerging seven (E-7) countries that show a high economic performance among the devel-
oping countries. In the empirical model, the human development index has been evaluated as a proxy of Sustain-
able development goals.

This study covers the annual observations from 1992 to 2021, and the analyses were carried out in five stages.
First, a priori tests were used to determine the cross-sectional dependence and homogeneity relationship among
the series. The results pointed to the existence of cross-sectional dependence and heterogeneity among the sections.
Second, CIPS test was employed to determine the stationarity levels of the series. The outcomes revealed that all
series show stationarity at the first difference. Third, we applied the cointegration test developed by Westerlund
(2006) and that also considers the structural breaks. The results demonstrated the presence of long run relation
among the human development index and energy consumption, economic growth, urbanization, and trade open-
ness for all countries. Fourth, the AMG estimator was applied to reveal the long-run coefficients that were provided
by Eberhardt and Bond (2009). The results in the panel indicated that energy consumption, economic growth, and
trade openness have positive and statistically significant impacts on the human development index, whereas ur-
banization does not have any statistically significant effect on these countries. Finally, the panel causality method
recommended by Dumitrescu and Hurlin (2012) was applied to robust check the cointegration test outcomes. The
findings indicated the presence of a bidirectional causal relation between the human development index and energy
consumption, economic growth, and trade openness and also unidirectional causality relation from urbanization to
the human development index in E-7 countries.

Specifically, individual results from the AMG estimator indicated different findings. Accordingly, energy con-
sumption has a positive effects on the human development index only for Brazil, Indonesia, and Mexico. Economic
growth has a positive impacts on human development for all countries except Brazil. Trade openness has a positive
effects on the human development index only for China and Russia. Finally, urbanization has a negative effect for
Mexico and a positive effect for Russia.

Overall, these results have some important policy implications for E7 countries. First, the decisive role of economic
growth on human development in E-7 countries is quite striking. In this context, sustainable and inclusive eco-
nomic growth policies will contribute to the increase of human life and welfare in these countries. Second, energy
consumption has a second importance on human development in E-7 countries. Advances in green energy and
technology will contribute to human health and environmental quality, thereby contributing to human development
in these countries. Finally, international trade and urbanization have limited and negligible impacts on human
development relative to these two variables. In other words, trade openness and urbanization do not support human
development in the majority of the relevant countries. As a result, we recommend that E-7 countries should in-
crease the effectiveness of international trade and urban policies within the framework of their development poli-
cies.

For future studies, we mainly propose investigating the effects of some critical uncertainties such as economic
policy uncertainty and geopolitical risks on the development processes of emerging market economies. For this
purpose, it is of great importance to evaluate the Soviet invasion on Ukraine, which has occurred since 2022, in
terms of development economics. Since our sample covers the years 1992-2021, we cannot detect the effects of
this invasion, and we acknowledge that this is a significant shortcoming. Researchers' consideration of the effects
of this war in future studies will allow more comprehensive results to be obtained in terms of development eco-
nomics.
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