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Today, carbon dioxide emission is one of the concerns of all countries
in the world, so in this paper, we examine the effect of export qual-
ity, energy efficiency, and economic complexity on CO, emissions
per capita from 1990 to 2014 in emerging economies. For this pur-
pose, first, energy efficiency is calculated using mathematical pro-
gramming methods (DEA). Then, the effect of export quality, energy
efficiency, and economic complexity on per capita carbon dioxide
emissions in the panel of emerging economies is investigated using
panel quantile regression. The analysis of energy efficiency reveals a
steady improvement in the average efficiency of the countries studied
from 1990 to 2014. Among these nations, China recorded the lowest
efficiency score. Additionally, the results from the quantile regression
suggest that export quality and per capita fossil fuel consumption sig-
nificantly contribute to increases in CO, emissions per capita across
all levels of the data distribution. The results also show that the coef-
ficient increases by moving in the level of quantiles, so that the high-
est effect coefficient of export quality on carbon dioxide emission is
related to the quantile 90th and about .874. Energy efficiency has a
negative and significant effect in all quantiles except the 90th, and
the highest coefficient of influence (0.133) is related to quantile 10th.
The increase in economic complexity increases the CO, emissions
in all quantiles except the 10th, and the highest coefficient (about
0.487) is related to the quantile 90th. The trade openness index has
a negative and statistically significant effect on CO, emissions per
capita. Urbanization has different effects on carbon dioxide emissions
in different quantiles. The empirical implications of this study help to
guide the sustainable development policies of emerging economies.
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1. Introduction

In recent years, with rapid economic growth, car-
bon dioxide emissions have increased significant-
ly. One of the significant consequences of carbon
emissions is global warming and climate change,
which poses many environmental problems to
communities. Therefore, most countries are look-
ing for ways to reduce CO: emissions as a major
environmental goal [1, 2]. Since this is a global is-
sue, countries and international organizations have
sought solutions to the problem of global warm-
ing. For this purpose, some countries hold con-
ferences and agreements, including the protocols
of the 2015 Paris Climate Change Conference, to
address global warming. At the conference, it was
decided that global economies would share their
assessments and strategies to reduce CO: emis-
sions at regular intervals [3].

Recently, the study in this field has been consid-
ered by many researchers and economists. Many
researchers have studied the effect of economic
growth on the environment in the context of the
Kuznets curve in different countries [4, 5, 6, 7, 8].
Kuznets hypothesis argues that countries in the
early stages of economic growth do not pay much
attention to the environment, but as income and
welfare levels increase, governments are turning
to advanced technologies that reduce environmen-
tal damage [9].

Some studies have also focused on economic
growth, energy consumption, and environmental
degradation [10, 11, 12, 13]. Economic growth
and energy consumption have a significant impact
on CO: emissions, but these variables alone cannot
explain the changes in CO: emissions [14]. There-
fore, in addition to economic growth and energy
consumption, some studies examined the effect
of other variables such as financial development,
trade openness, urbanization, etc. on environmen-
tal degradation [2, 15, 16, 17, 18, 19, 20, 21, 22,
23]. However, few studies have investigated new
indicators such as economic complexity index, ex-
port quality, and export diversity [5, 19, 24, 25].

Emerging economies seek to increase their share
of international trade to achieve high economic
growth so that the average share of international
trade in GDP during the period under review for
16 emerging economies is about 70% [26]. The
expansion of trade leads to rapid economic growth
but also increases energy consumption. Increasing
energy consumption due to expanding trade in-
creases greenhouse gas emissions [21, 24]. There-
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fore, the development of trade regardless of tech-
nology, production process, and quality of export
products causes more damage to the environment
[20, 27]. The quality of exports is related to cer-
tain characteristics of countries (such as the level
of production productivity, resources, and R & D
activities) and indicates an increase in the added
value of export products [24, 28]. Many studies
have examined the effect of trade openness on
environmental [24, 29]. However, studies on the
impact of export quality on quality of environment
were limitedly reviewed, and of course, the exist-
ing studies did not reach a single conclusion on
the impact of export quality on the environment.
Some studies argue that increasing the quality of
a country’s exports increases its competitive ad-
vantage in international trade and thus increases its
wealth and income. Increasing demand for goods
in a rich society leads to more energy consumption
and it increases environmental degradation [2, 24,
30]. On the other hand, increasing the quality of
export products is accompanied by improving pro-
duction technologies, which leads to a reduction in
CO: emissions [19, 25, 31]. Therefore, examining
how the quality of exports affects CO- emissions
provides policymakers with important policy im-
plications for sustainable development.

To achieve a high level of export quality, coun-
tries must produce different types of products
with higher knowledge and more advanced tech-
nology. Diverse and high-quality products require
a complex economic structure. The Economic
Complexity Index measures the ability of coun-
tries to produce complex goods that require higher
knowledge and better technologies. Therefore, the
production of complex products, requiring high
innovation and knowledge, can help improve the
environment with high efficiency of production
resources (such as energy) [30, 32, 33]. In addi-
tion, emerging economies in the middle stages of
economic growth have moved towards producing
goods with higher knowledge, so that most of the
countries studied in this article rank high in the in-
dex of economic complexity. On the other hand,
countries with higher ECI have competitive ad-
vantages over countries with lower ECI. So more
complex economies are more inclined to trade and,
with the income from trade, they have the financial
resources to create green technologies and carry
out innovative environmentally friendly activities
that can reduce environmental degradation [33,
34]. Therefore, examining the effect of ECI and
export quality on environmental sustainability in
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emerging economies can provide many policy im-
plications. Complex structures that use green tech-
nologies in the production of goods with the help
of extensive knowledge increase energy efficiency
and have a great positive impact on environmental
performance by making optimal use of resources
and energy. Regarding the fact that there are no
single accepted standard criteria for energy effi-
ciency, the DEA approach provides an opportunity
for a more comprehensive analysis of energy inef-
ficiency that is important to policymakers [35]. In
this study, energy efficiency is calculated by the
DEA method for emerging economies. In addition,
evaluating the energy efficiency of a region gives
planners a direction in implementing environmen-
tal protection policies. Therefore, by evaluating
energy efficiency, in addition to orienting regional
policies and ranking countries in terms of energy
efficiency, the effect of energy efficiency on CO2
emissions can also be analyzed.

Samples from the study countries were selected
from 16 MSCI Emerging Markets. This classifi-
cation was selected based on financial market cri-
teria including access, liquidity size, and market
size, which indicates the similarity of the structure
of the countries studied [36, 37]. In addition, pre-
vious studies have not analyzed the effects of ex-
port quality, energy efficiency, and economic com-
plexity on per capita CO2 emissions in emerging
economies, and it is important to study effective
policies to reduce environmental degradation.

As mentioned above, environmental research-
ers did not focus on studies with new indicators
such as ECI, export quality, and energy efficiency.
Therefore, the purpose of this article is to contrib-
ute the literature related to these topics. This study
enriches the literature in several points. First, in
this study, energy efficiency is calculated using
the DEA model, and in the next step, the effect
of export quality, energy efficiency, and econom-
ic complexity on CO: emissions per capita in the
panel of emerging economies is investigated using
quantile regression. On the other hand, this study
helps policymakers to guide development policies
by classifying emerging economies into 6 groups
based on characteristics related to per capita CO2
emissions. Second, choosing to calculate energy
efficiency with mathematical programming mod-
els gives us more interesting community results.
Third, to our knowledge, no studies have yet ex-
amined the impact of export quality, energy effi-
ciency, and economic complexity on CO: per cap-
ita in the emerging economies. On the other hand,
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it is predicted that the economic complexity and
quality of exports will increase in most emerging
economies, and a better understanding of how
these variables affect CO- emissions per capita is
essential. Therefore, in this research, we answer
the following questions:

1. Are emerging economies efficient in ener-
gy consumption?

2. What is the energy efficiency score of
each country compared to other countries in the
group?

3. Does increasing energy efficiency in the
studied countries reduce CO: emissions?

4. Does increasing the complexity of the
economic structure in emerging economies help
improve the environment and reduce carbon emis-
sions?

5. Can increasing the export quality of
emerging economies lead to an improvement in
the  environment?

To answer these questions, the main purpose of
this article is to study the effect of export quality,
energy efficiency, and economic complexity on
per capita CO: emissions. Experimental models
are analyzed using the DEA model and quantile
regression. The empirical findings of this study
not only contribute to the development of the ex-
isting literature but can also have significant im-
plications for emerging economies’ policies with
complex and diversified export products to reduce
carbon dioxide emissions and can contribute to the
development of new policies to use clean energy,
to increase energy efficiency, and to help sustain-
able development. The rest of the paper is orga-
nized as follows. The 2nd section presents the lit-
erature review. The 3rd section describes the data
and models. The 4th section provides the empiri-
cal results and discussion. The 5th section discuss-
es conclusions and policy implications.

2. Literature review

This section examines previous studies related to
the variables of export quality, energy efficiency,
and economic complexity on environmental per-
formance.

2.1. The relationship between export quali-
ty and CO: emissions

Studies show that in addition to the volume of
exports, the quality of export goods is of impor-
tance [34]. Moreover, improving the quality of ex-
port products leads to faster economic growth. The
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nature of exports in emerging countries is related
to structural change [38]. In this regard, economic
growth causes a change in the economic structure
of a country, including the creation of new sectors
and opportunities, allocation of resources to effi-
cient manufacturing enterprises, higher knowledge
and more advanced technologies, and increasing
the quality of exports. The Export Quality Index
was presented by [39], which increases the value
added of export goods.

The relationship between international trade and
CO: emissions has been well studied [19, 22]. But
the quality of exports has not yet been considered
widely enough. This study is also an attempt to fill
the gap identified in the literature on export qual-
ity. Studies on the effect of export quality on CO2
emissions and the environment have also yield-
ed different results. Some studies have found a
positive relationship between export quality and
CO: emissions. [24] analyzed the effect of export
product quality on per capita CO: in 82 develop-
ing countries during the period of 1970 to 2014
using a fixed-effects model. The control variables
used in their study included per capita income, per
capita energy consumption, natural resource rent,
and trade openness. They found that increasing
the quality of exports increased environmental
degradation and CO: emissions. [2] examined the
impact of export quality, urbanization, trade open-
ness, economic growth, and energy consumption
on CO: per capita in 63 developing and developed
countries during the period of 1971-2014 using the
quantum panel model. Their results showed that
increasing the quality of exports causes environ-
mental degradation. [30] examined the dynamic
correlation between per capita income, renewable
and non-renewable resources, urbanization, export
quality, and CO: emissions with the DOLS and
FMOLS approach in the top ten renewable en-
ergy countries and 10 countries with the highest
ECI rankings. They found that renewable energy,
urbanization, per capita income, and export qual-
ity increase CO: emissions in the long run. Some
studies also showed that increasing the quality of
exports reduces environmental degradation. [24]
analyzed the effect of export quality on CO: emis-
sions in China during the period of 2010-2017.
They showed that the quality of exports helps to
protect the environment. [31] examined the effect
of export quality on environmental degradation in
the selected South Asian countries during the pe-
riod of 1972-2014 with the FMOLS approach and
found that improving export quality would reduce
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2.2. The relationship between energy efficien-
cy and CO: emissions

CO: emissions.

Today, the expansion of economic activities
causes a greater need for energy consumption,
which increases energy consumption and reduces
energy efficiency, and this leads to a worsening of
the environmental situation [40]. Therefore, the
calculation of energy efficiency has recently been
considered by many researchers. Many studies use
different types of DEA models to evaluate energy
efficiency [35, 41]. Energy efficiency is an import-
ant indicator of restructuring policy to achieve the
goals of sustainable development [5]. Improving
energy efficiency, as reported by the IEA, provides
the most cost-effective opportunities to control
energy demand and reduce CO: emissions [42].
Therefore, evaluating energy efficiency helps poli-
cymakers in line with environmental improvement
policies.

[43] calculated energy efficiency in OECD coun-
tries using the DEA approach. Some researchers
have also studied the effect of energy intensity on
the environment. Some studies have analyzed the
effect of energy efficiency on environmental deg-
radation [44, 45]. [45] examined the relationship
between economic development, corruption, ener-
gy efficiency, and ecological footprint in Brazil,
Russia, India, China, South Africa (BRICS), and
other 11 countries from 1995 to 2014 with two
approaches DEA and GMM. They found that in-
creasing energy efficiency improves the environ-
ment. [46] studied the effect of improving energy
efficiency on CO- emissions in 30 OECD coun-
tries and found that improving energy efficiency
has the greatest contribution to reducing CO: emis-
sions. In this study, energy efficiency is also calcu-
lated with the DEA model. Assessing the energy
efficiency of a particular region can determine the
direction for regional development policies [35].
Therefore, in this study, the energy efficiency of
emerging economies is calculated in order to make
policy proposals related to these countries.

2.3. The relationship between economic com-
plexity and CO: emissions

A complex structure means a production struc-
ture that produces a variety of high-tech products
through a wide range of highly knowledgeable in-
dividuals [47]. Countries with a lower complexity
index produce fewer products. Producing fewer
products reduces energy demand [48, 49]. On the
other hand, a country with a high complexity index
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indicates a high level of knowledge with advanced
technologies that can reduce environmental degra-
dation due to the availability of financial resources
for research and development activities, invest-
ment in clean technologies, and development of
alternative energy sources (e.g.: renewable, core)
[34, 50].

Despite the importance of the relationship be-
tween the complexity of the economy and the
environment, this issue has received very little at-
tention so far [2, 19]. Previous studies on the eco-
nomic complexity of environmental quality have
not reached a single conclusion. Some researchers
have concluded that there is a positive relationship
between economic complexity and CO2 emissions.
[51] analyzed the effect of ECI on the ecological
footprint under the Kuznets hypothesis in China
during the period of 1965-2016 using the ARDL
approach and the time-varying causality test. Their
results showed that increasing ECI increases the
ecological footprint in the short and long term.
[52] examining the effect of ECI on the ecologi-
cal footprint in 25 countries with data during the
period of 1970-2016, they found that increasing
ECI improves the state of the environment. On the
other hand, some studies have found a negative
relationship between economic complexity and
environmental degradation. [19] analyzed the rela-
tionship between ECI and CO: emissions in France
during the period of 1964-2014 using the DOLS
method and found that increasing ECI improves
the environment. [33] examined the impact of ECI
on environmental performance in 88 developing
and developed countries were examined using the
ARDL model. Their results showed that increasing
ECI helps to improve environmental performance.
[53] also examined the effect of ECI, globaliza-
tion, renewable, and non-renewable energy con-
sumption on the Kuznets environmental curve for
the United States during the period of 1980-2017
in 2020 and found that the EKC hypothesis is valid
for the United State and increasing the ECI reduc-
es CO: emissions. [32] also examined the effect
of economic complexity, economic development,
renewable energy consumption, and population on
CO: emissions in 28 OECD countries from 1990
to 2014 and found that increasing ECI reduces CO-
emissions. Since economic complexity plays an
important role in CO: emissions, investigating the
relationship between ECI and environmental deg-
radation can provide manufacturing and industrial
policies for emerging economies to accelerate eco-
nomic growth while protecting the environment.
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As can be seen, the results of different studies are
different. This can be due to the choice of different
environmental indicators, the choice of country
(which country or group of countries and the con-
ditions of their development), the study period, and
also econometric methods. Therefore, according to
the above overview of the literature, it is clear that
existing empirical studies on export quality, en-
ergy efficiency (energy intensity), and economic
complexity have not reached a single conclusion.
On the other hand, due to the few studies on export
quality, energy efficiency, and economic complex-
ity, the recent study updates the previous literature
and offers new insights into the importance of ex-
port quality, energy efficiency, and economic com-
plexity (ECI) on the environment. In addition, the
present study is different from previous studies us-
ing the quantum econometric method that has been
analyzed in different quantiles. The main purpose
of this paper is to provide innovative evidence and
findings to achieve energy efficiency goals and
improve the environment of emerging economies
by studying the role of export quality, energy effi-
ciency, and economic complexity.

This study contributes to the literature in several
ways. First, analysis based on a sample of emerg-
ing economies can provide specific development
policies for emerging economies. Secondly, in this
study, energy efficiency was first calculated by
the DEA method and the studied countries were
ranked in terms of energy efficiency, then the effect
of energy efficiency, export quality, and economic
complexity on per capita CO: emissions was an-
alyzed by quantitative regression. By classifying
the countries into 6 groups based on the CO: vari-
able, the results for each classification were tab-
ulated separately. Finally, to our knowledge, this
is the first research that, unlike previous studies,
examines the effects of export quality, energy ef-
ficiency, and economic complexity on per capita
CO: emissions in emerging economies. In the next
section, we will present the data and methods used
for the experimental studies.

3. Data and Methods

This section is divided into two parts. The first
section describes the data and variables. The sec-
ond section presents the models used in this study.

3.1. Data

The dataset includes data for 16 emerging econ-
omies (including Brazil, Chile, China, Colombia,
Egypt, Hungary, India, Indonesia, Korea (South),
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Malaysia, Mexico, Morocco, Philippines, South
Africa, Thailand, and Turkey) during 1990-2014.
16 countries were selected from the MSCI Emerg-
ing Markets Classification. MSCI classifies coun-
tries based on financial market metrics.

From 20 indicators for measuring the level of en-
vironmental degradation, the CO: index is supe-
rior to the other indicators [4]. Therefore, in this
study, CO: per capita is considered as a proxy for
environmental degradation. In addition, the CO:
per capita variable provides better measurements
and more realistic results than total CO2 [24].

In the experimental study, all variables are con-

—

DEA is a parametric linear programming method
used to evaluate the performance of decision units
[54]. DEA efficiency score indicates the ability to
obtain the maximum output of given inputs, which
is calculated by its relative distance from the pro-
duction boundary by the mathematical program-
ming method. This approach is based on input and
output [41]. DEA is more objective and, therefore,
used by many researchers in various fields [41,
55].

Energy efficiency is calculated by solving the
following linear programming problem:

Table 1 Define variables and their sources.

Abbreviation | Variables Sources

CO, CO, emission per capita (kg) WBD (2021)

EQ Export quality index IMF (2021)

EF Energy Efficiency Calculated by the method DEA

ECI Economic Complexity Index Observatory of Economic Com-

plexity (OEC) (2021)

TO Trade openness = (Import+Export)/GDP WBD (2021)

URB Urban population = % of total population WBD (2021)

FOSSIL Consumption of fossil fuels per capita (e.g., oil, gas, | British Petroleum (BP) (2021)
and coal) kg of oil equivalent

L Labor force total WBD (2021)

K Total capital stock (constant 2010 USS$) WBD (2021)

E Energy consumption total(kg) WBD (2021)

Y GDP (constant 2010 US$) WBD (2021)

This table was created by the authors.

sidered logarithmically. Since some data were
available until 2014, the study period of 1990 to
2014 is intended for analysis. The frequency of
data is annual. Variables are presented in Table 1.

Descriptive statistics of the variables are present-
ed in Table 2. Mean CO: is 3548.041, mean ECI is
3.23039, and mean EQ is 0.872225. Min efficien-
cy is 0.124 and max is 1.

3.2. Method approach

Two different methods are applied in this re-
search; the data envelopment analysis (DEA) and
the panel quantile regression model. The methods
are explained in the following subsections.

3.2.1. Data Envelopment Analysis (DEA)

Min 0

S.t:
n AL <L
j-1 4K < K;
" AE; < OF;
j1 4% = Y

Ao, i=1,2,...,n (1)

In this study, three inputs of capital (K), labor
(L), and energy consumption are considered (E) to
produce the desired output (GDP, denoted by Y)
according to previous studies [56] and based on
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the input CRS model. The decision-making units
are 16 emerging economies. Assessing energy
efficiency is very essential for environmental im-
provement policies.

3.2.2. The panel quantile regression

The quantile panel regression was introduced by
[57] for variables with asymmetric distributions.
Quantile regression is by identifying the distri-
bution pattern of the dependent variable of the
model at different levels of the independent vari-

The Effect of Export Quality, Energy ...

metric theories, to eliminate the possibility of het-
erogeneity of phenomena, it is better to use vari-
ables as logarithms in the model. Therefore, our
model follows Equation (4), below:

LCOs =La+ LEQ,+B,LEF +,LECL+B,LTO,_
+B,LURB, +3,LFOSSIL, +5. )

where CO: represents CO: per capita emissions;
EQ is export quality; EF is energy efficiency cal-

Table 2 Descriptive statistics of the variables

Variables Mean Std. dev Min Max Obs
CO, 3548.041 2719.554 620.9146 12956.42 400
EQ 0.872225 0.0832474 0.66 1.05 400
EF 0.81229 0.2310129 0.124 1 400
ECI 3.23039 0.551969 2.141288 4.90646 400
TO 67.04386 41.52926 15.16176 220.4068 400
URB 58.75274 17.90882 25.547 87.303 400
FOSSIL 1.22e+09 9.51e+08 1.98e+08 4.81e+09 400
L 9.79¢+07 1.91e+08 4011205 7.84e+08 400
K 8.70e+12 4.26e+13 9.40e+09 3.65e+14 400
E 2.13e+12 4.36e+11 7.62e+09 3.04e+12 400
GDP(Y) 6.73e+11 1.03e+12 4.32¢+10 8.32e+1216 400

Obs: the number of observations; Std. dev: the Standard Deviation.

able, which is done by fitting multiple regression
patterns on a data set for different quantiles. Each
quantile regression defines a unique point in the
conditional distribution. This model is suitable for
studies with asymmetric distribution, distribution
with wide sequences. Quantile regression esti-
mates the pattern parameters by minimizing the
sum of the absolute values of the residuals.

YiX; byt - 0<0<1

Quant,, (y/X,)=x, B, )

x: the vector of independent variables, y: the
vector of the dependent variable, p: random error,
Quant_i0 (y/x,): the 6th quantile of the explana-
tory variable; the O estimate shows the quantile
regression Oth and solves the Eq. 2:
min Y Olye=xifl+ Y (1= 0)ly—xif| 3)

yilef B yi<xif B

Given that 0 takes different values, so different
parameters are also estimated, for example 6 = 0.5
is the mean regression [58]. According to econo-

culated with the DEA model; ECI denotes eco-
nomic complexity; TO is trade openness; URB is
urban population and FOSSIL is fossil per capita
energy consumption (which includes oil, gas, coal)
calculated in a kg of oil equivalent.

Given that in this study panel quantile regression
was used to measure CO:, Equation (5) is changed
to the following form:

Q, (LCOz)=(La) +, LEQ +B, LEF + B, LECI-
i1:+l34‘r LTOit+BS LURBit+ B6‘r LFOSSIL”_"S” (5)

Q,: The estimation of the quantile regression tth
in the COz, (la) : the constant component. The co-
efficients B, ,B,.B,.B,.B,, : the quantile regression
parameters.

4. Empirical results and discussion

This section consists of two parts. In the first
part, we calculate energy efficiency using the DEA
model. Then we examine the effect of independent
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variables on the CO- using the panel quantile re-
gression model.

4.1. DEA model

In this study, energy efficiency is calculated by
Equation (1). The energy efficiency results are
shown in Table (3). In addition, the countries stud-
ied in this article are ranked based on efficiency
scores.

In this study, like most studies [35, 41], to eval-
uate Energy efficiency, we used DEA models.
As shown in Table 3, Brazil, Chile, and Hungary
scored an efficiency score, meaning they are more
energy-efficient than other countries studied. In ad-
dition, the average efficiency score of these coun-
tries is 0.799, which indicates that most emerging
economies in energy consumption are very close
to the optimal stage. As [56] found that China was
inefficient in energy consumption, in this study
the lowest efficiency score is related to China,
significantly different from the efficiency score
of other countries, although China was the larg-
est energy consumer since 2010 in the world. This
may explain the large difference between China’s
performance score and the average performance
score of other emerging economies under study
[41]. Of course, many issues such as unfavorable
energy structures, high energy consumption, and
technology gaps between the studied countries can
account for the difference in efficiency scores of

—

these economies [35]. Achieving optimal energy
consumption must, therefore, be a key goal in Chi-
nese policy. China, on the other hand, is the world’s
largest consumer and consumer of coal. Since coal
consumption is one of significant reasons in CO2
emissions, achieving a higher score on energy ef-
ficiency in China, in addition to reducing energy
consumption and economic benefits, would help
to improve the environment.

After calculating the energy efficiency in this
study, panel quantile regression is now used to
study the effect of the export quality, energy ef-
ficiency, and economic complexity on CO: emis-
sions.

4.2.  Panel quantile regression results

Before estimating the econometric method,
pre-estimation tests should be performed to en-
sure the reliability of the estimation results. The
precondition for the quantile test is the absence
of data normality, so first, the data normality test
is performed, which is possible in both graphical
and numerical. In the next step, other tests such as
variance inflation factor (VIF) test, cross-sectional
dependence test, unit root test, and finally cointe-
gration test are performed.

4.2.1 Normal distribution test

In some cases, economic phenomena do not fol-
low a normal distribution because they are change-

Table 3 Energy efficiency means and ranks from the DEA model.

Country DEA(CRS) Rank
Brazil 1 1
Chile 1 1
China 0.229 14
Colombia 0.957 5
Egypt 0.92 7
Hungry 1 1
India 0.576 12
Indonesia 0.561 13
South Korea 0.991
Malaysia 0.746
Mexico 0.944
Morocco 0.684 10
Philippines 0.816 8
South Africa 0.971 4
Thailand 0.598 11
Turkey 0.995 2
Mean 0.799 -

Authors’ calculations
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able. The quantile panel regression is more power-
ful than ordinary least squares regression when the
data is not normally distributed or the data is out
of date. Using the OLS method is inefficient when
the data is abnormally distributed. Therefore, be-
fore estimating the model, the normality test is
performed first. Numerical tests of Skewness and
Kurtosis and Shapiro-Wilk and Shapiro-France
tests are used to check the normality of the data.
Skewness results show that the coefficients are
significantly non-zero, which indicates that the
data are abnormal. On the other hand, considering
that the results of Kurtosis coefficients are signifi-
cantly different from 3, it confirms the abnormali-
ty of the data. Also in Table 4, the probability val-
ues of the Shapiro-Wilk and Shapiro-France tests
indicate that the null hypothesis (data normality)
is rejected.

According to the results in Table (4), the variables
do not have a normal distribution, so quantitative
panel regression is suitable for estimation.

4.2.2 Multicollinearity tests and Cross-sec-
tional independence test

In this section, after examining the normality of
variables, we used the VIF test to check the multi-
linearity of the variables. VIF test results are less
than the normally accepted standard value (10)
and the mean VIF is less than the normally accept-
ed standard value (6) (see table 5). In the next step,
several tests can be used to check for cross-sec-
tional correlation (LM Brush Pagan; CD Pesaran).
In this study, since the number (T> N) means that
the number of years (T) is more than countries (N),
the Im test was used to examine the cross-sectional
dependence of the data.

The results of the Breusch-Pagan LM test of in-
dependence are shown in Table 5. According to the
above results, the null hypothesis is rejected and
this means that the variables are cross-sectionally
dependent.

4.2.3. Panel unit root tests

The selection of the appropriate test from among
the unit root tests depends on the results of the
cross-sectional dependency test of the previous
stage. Given that the results of the pagan Im test
(see Table (5)) confirm the existence of cross-sec-
tional dependence, we must use the generalized
unit cross-sectional root test (CIPS) to check the
significance of the variables. In this study, due to
cross-sectional correlation, panel unit root test was
used. See the results of this test in the table below.

The Effect of Export Quality, Energy ...

In this study, the CIPS panel unit root test with
the trend and without trend was used for variables.
As you can see in Table (6), except for the ener-
gy efficiency variable which is significant at the
level with the trend at the level of 1%, the other
variables are not significant at the level. The unit
root panel test in the first-order difference indi-
cates that all variables without trend at the level
of 1% and except the urbanization variable other
variables with trend at the level of 1% are signif-
icant. According to the results of the table, since
all variables are significant in the first-order differ-
ence, the cointegration test can be used to examine
the long-run relationship between the CO: variable
and other variables.

4.2.4. Panel cointegration test

Panel cointegration test is used for long-term re-
lationships between variables [4]. In this study, Pe-
droni and Kao cointegration tests were used to in-
vestigate the existence of a long-term relationship
between variables. Null-hypothesis in both tests is
the absence of a long-run relationship. The results
in Table (7) show that both tests reject the null hy-
pothesis, which indicates a long-term relationship
between CO: and explanatory variables. There-
fore, by confirming the existence of a long-run re-
lationship between variables, we can estimate the
models without worrying about the existence of
false regressions.

After reviewing the pre-estimation tests, and ac-
cording to their results, the best regression model
was selected. The quantile regression is more ro-
bust than OLS regression if the data is not normal-
ly distributed. According to the results of the nor-
mality test, it was found that all variables had an
abnormal distribution, so quantitative regression is
suitable for estimation. The next section presents
the results of the quantile test.

4.2.5. Quantile panel regression results

Quantile panel regression estimates the effects of
independent variables on the dependent variable in
different quantiles between 0 and 1.

Similar to most studies, we used quantile values
of 10th, 25th, 50th, 75th, and 90th as representa-
tive values for experimental analysis [36]. In addi-
tion to quantiles regression, OLS regression was
used to robustness check results and comparative
analysis (See the results of the Fixed Effects panel
in Table 8). Different quantiles (10th, 25th, 50th,
75th, and 90th) were used to estimate this research.
The results of these estimates are reported in Table
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Table 4 Normal distribution test results

Variables | Skewness | Kurtosis | Shapiro-Wilk test Shapiro-Francia test Obs
Statistic Statistic
CO, 1.254739 | 4.036175 | 0.86135 oAk 0.86263 ok 400
EQ 0.1880609 |2.298991 | 0.98112 oot 0.98255 oot 400
EF -1.11362 3.347742 ] 0.91948 ok 0.93964 e 400
ECI 0.2741492 | 2.83816 0.96734 Ak 0.96856 o 400
TO 1.670142 5.459807 | 0.81749 ok 0.81810 ok 400
URB -0.150751 | 1.82842 0.95003 Ak 0.95308 Ak 400
FOSSIL 1.407392 5.004455 | 0.85893 ok 0.85981 Rk 400

*** means statistical significance at a 1% level.

8 and Fig 1.

As shown in Table 8, the export quality has a
positive and significant effect on CO- at all quan-
tiles levels (See Table 8). Some studies support
our results [24, 30, 36]. In previous studies, [24]
in 82 developing countries and [2] in 63 develop-
ing and developed countries found that increasing
export quality leads to increased CO: emissions,
we came to the same conclusion in this study. A
similar result was found by [30] studying the ef-
fect of export quality on CO: emissions in the top
10 renewable energy producing countries and 10
countries with high ECI rankings, and they found
that increasing export quality would increase

as follows. Since emerging economies are in the
middle stage of economic growth and are trying to
achieve a high level of economic growth through
advantage in the international market, despite the
increase in the volume and quantity of their export
goods, they do not consider environmental issues.
Some studies have shown that higher quality of
export goods reduce CO: emissions. As improv-
ing the quality of exports increases the income of
people in society, people’s demand for a healthier
and cleaner environment in a richer society is in-
tensifying [19, 31].

The results of Table (8) show that the effect of
energy efficiency on CO: emissions in the 10th,

Table 5 VIF test and Breusch- Pagan (LM test) results

Variables VIF-test Breusch- Pagan (LM test)
VIF Mean VIF t-statistic Prob.

CO, n.a. 2.27 573.027 0.000

EQ 2.30

EF 245

ECI 2.23

TO 1.23

URB 2.53

FOSSILP 2.85

n.a. it means not available.

CO:2 emissions in the long run. [36] also found
that increasing the quality of exports in emerging
economies causes an increase in the ecological
footprint and environmental degradation. The pos-
itive relationship between export quality and CO-
emissions in emerging economies can be argued

25th, 50th quantiles is negative and significant.
Improving energy efficiency reduces costs in en-
ergy consumption, reduces dependence on energy
imports, and reduces regional and global envi-
ronmental damage. In addition, higher efficiency
leads to higher value-added economic activities
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Table 6 Panel unit root test (CIPS) results

Variables CIPS (Zt-bar) CIPS (Zt-bar)
Without trend | With trend Variables Without trend | With trend
CO2 -0.738 -0.993 LCO2 -2.906%** -2.536%**
EQ -0.076 -0.016 LEQ -3.047%** -2.85%**
EF -1.588 -2.633%** LEF =221 5% -3.202%**
ECI -1.442 -1.35 LECI -3.82 ¥** -2.81#**
TO -0.774 -0.972 LTO -3.04%%* -2.068%**
URB 0.523 1.384 LURB -3.021%** -1.063

FOSSIL -1.303 -0.985 LFOSSILP -4, 154%%* -3.343%%*

“L” denotes variables in the natural logarithms; *** denotes statistical significance at 1% and ** denotes statistical

significance at 5% level.

Table 7 Kao and Pederoni cointegration test

Kao cointegration test

Pedroni cointegration test

Estimators t-Statistic Prob. Estimators t-Statistic Prob.

Modified Dick- | 3.5764 0.0015 Modified Phil- | 6.1969 0.0000

ey-Fuller t lips-Perron t

Dickey-Fuller t | -3.0905 0.0010 Phillips-Per- -3.0638 0.0011
ron t

Augmented -2.9757 0.0176 Augmented -1.9205 0.0000

Dickey-Fuller t Dickey-Fuller t

Unadjusted -16.4892 0.0000

modified Dick-

ey-Fuller t

Unadjusted -13.5893 0.0000

Dickey-Fuller t

and lower energy consumption [10, 35]. In this
study, energy efficiency, like previous studies [35,
43, 56] improves the environment. [36] also found
that increasing energy efficiency helps to reduce
the ecological footprint in emerging economies.
[59] also found that increasing energy efficiency
reduces the ecological footprint in the short and

long term in 45 exporting countries.

The ECI has a negative and significant effect on
CO: at 25th, 50th, 75th, and 90th quantiles lev-
els (See Table 8). Complexity arises through the
type of goods produced that make up a country’s
production structure [47]. Countries with higher
complexity have better infrastructure that reduces

Table 7 Kao and Pederoni cointegration test

Quantile

Country

The lower 10th quantile group

Philippines, India

The 10the25th quantile group

Morocco, Indonesia

The 25the50th quantile group

Colombia, Brazil, Egypt, Thailand

The 50the75th quantile group

Turkey, Mexico, Chile, China

The 75the90th quantile group

Hungary, Malaysia

The upper 90th quantile group

South Africa, South Korea

According to the level of CO,, 16 countries into six groups.
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environmental degradation. Complex economies
use advanced energy consumption structures [60]
in their economic structure, which increases pro-
ductivity [24, 60]. In this study, the effect of the
economic complexity index on CO: emissions is
negative, as [2] showed that the economic com-
plexity index in high-income countries controls
CO: emissions. More sophisticated products can
also lead to economic prosperity, but they can
also increase or at least maintain the quality of
the environment [19, 32, 33, 53]. The results of
[59] also support our results. They found that in-
creasing economic complexity reduces ecological
footprints in exporting countries. Some studies
also consider the index of economic complexity as
a threat to the environment [36, 51]. [29] found
that economic complexity in the long run increases
pollution emissions in 8 Asian economies.

The effect of trade openness on CO: has a nega-
tive and significant effect on all quantiles. In this
study, a negative relationship was found between
CO: emissions and trade openness. Trade liberal-

—

Some studies did not find a significant relationship
between trade expansion and CO: emissions [61].

The results show that the effect of urbanization
on the COz, in the 10th and 25th quantiles is pos-
itive and significant and in 50th, 75th, and 90th is
negative and significant (see Table 8). Today, cit-
ies’ share of economic growth is increasing [11].
Increasing the share of urbanization in econom-
ic growth has led to prosperity and wealth [62].
Growing urbanization will change the pattern of
consumption and production and development of
urban public infrastructure (including hospitals,
public transportation, education, etc.), which can
help improve the environment. Theories of eco-
logical renewal and urban environment transfer
argue that urbanization can have both positive and
negative effects on the environment. [63], as the
finding in this study also demonstrated a negative
relationship between urbanization and environ-
mental degradation in the 50th, 75th, and 90th
quantiles and positive relationship in the 10th and
25th quantiles. Numerous studies have shown that

Table 9 the panel quantile regression estimation results and panel fixed effects

Variables Quantiles OLS
10th 25th 50th 75th 90th Fixed Effects

LEQ 0.429 0.774 0.584 0.610 0.874 0.6266

LEF -0.113 -0.085 -0.043 -0.016 0.034 -0.0425
LECI 0.006 -0.141 -0.174 -0.379 -0.487 -0.2039

LTO -0.032 -0.029 -0.063 -0.089 -0.137 -0.0895
LURB 0.059 0.083 -0.025 -0.121 -0.155 -0.0429
LFOSSIL 0.949 0.916 0.955 1.014 1.042 0.9855
Constant -11.87 -11.03 -11.18 -11.61 -11.62 -11.592
Pseudo R2 0.9134 0.9130 0.9137 0.9068 0.9030 0. 9997

“L” denotes variables in natural logarithms; ***, ** denote statistically significant at the 1%, and 5%, levels, respective-

ly.

ization improves the environment due to the use
of advanced technologies and energy efficiency
in developed countries and the transfer of tech-
nology to other countries [20]. Some studies have
also found a positive relationship between trade
openness and CO: emissions. They argued that
as expanding trade leads to economic growth, it
causes an increase in environmental degradation
as well [21, 22, 24]. Trade openness requires more
production, which leads to more energy use [21].

increasing urbanization reduces CO: emissions
because, as economic activity increases, citizens
become wealthier, and in some societies, wealth-
ier citizens are more inclined to use quality prod-
ucts and clean technologies. Urbanization leads
to greater use of public infrastructure that is en-
vironmentally friendly [2, 61, 63]. Some studies
have also concluded that increasing urbanization
leads to increased environmental degradation [20].
Therefore, urbanization changes have a significant
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Fig. 1 Quantile estimate: Shaded areas: 95% confidence band for the quantile regression estimates. The vertical axis:
shows the elasticities of the explanatory variables. The red horizontal lines: the conventional 95% confidence intervals
for the OLS coeftficient

impact on energy consumption and CO- emissions,
which can affect sustainable development policies.

The results of Table (9) show that fossil energy
consumption has a positive and significant effect
on CO: emissions in all quantiles. Every country
that seeks sustainable economic growth and de-
velopment needs energy consumption. Energy is
a key factor in production to achieve economic
growth, which in turn increases CO: emissions
(Kraft & Kraft, 1978). In this study, as in previ-
ous studies [2, 20, 61], fossil energy consumption
causes degradation of the environment.

Fig. 1 Quantile estimate: Shaded areas: 95%
confidence band for the quantile regression esti-
mates. The vertical axis: shows the elasticities of
the explanatory variables. The red horizontal lines:
the conventional 95% confidence intervals for the
OLS coefficient

5. Conclusion and policy implications

In this article, energy efficiency for emerging
economies with three inputs of labor, capital, and
energy consumption, and an optimal output of
GDP is first calculated by the DEA method. The
results of mathematical models of energy effi-
ciency show that Brazil, Chile, and Hungary are
more efficient in using their energy consumption
compared to other emerging economies and have
obtained an efficiency score of one. China has the
lowest efficiency score, given that it has the high-
est energy consumption in the world. The average
efficiency score of these countries is about 0.799,
this shows that China is very different from other
emerging economies in terms of energy consump-
tion, which can be explained by the fact that one of
the most important factors affecting CO. emissions

is the level of production. Energy demand raises
with increasing production and economic activi-
ty, and this leads to increased CO2 emissions. The
primary goal of countries like China is to achieve
sustainable economic growth to create new job op-
portunities. Therefore, the effects of incomes and
rapid economic growth of countries like China on
CO: emissions are not negligible.

In the second step, after calculating energy ef-
ficiency, the effect of export quality, energy ef-
ficiency, and economic complexity on per capita
CO: emissions in panel 16 of emerging economies
during the period of 1990-2014 with quantile pan-
el regression was examined. The results showed
that there is a positive relationship between the
independent variables of export quality and the
amount of non-renewable energy consumption
per capita with CO- emissions. There is a negative
relationship between energy efficiency, economic
complexity, and trade openness with CO: emis-
sions in emerging economies. Urbanization has a
positive relationship with environmental degrada-
tion in the 10th and 25th quantiles and a negative
relationship with CO:z emissions in the 50th, 75th,
and 90th quantiles.

As economies move from the lower to the higher
stages of development, environmental problems
increase, because in the middle stages of devel-
opment, in emerging economies such as China,
economic growth is the primary goal and environ-
mental protection is the next step. As communities
continue to evolve to higher stages of develop-
ment, environmental protection becomes more im-
portant and communities seek ways to make their
environment more sustainable. In addition, these
countries consume large amounts of fossil fuels to
produce the energy needed to accelerate econom-
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ic growth, which is a major source of greenhouse
gas emissions and environmental damage. China,
for example, has a significant impact on global
warming and other environmental hazards due
to its relatively low energy efficiency due to high
energy consumption. Taking the fact into account
that fossil fuels are the main source of total energy
consumption in emerging economies, to improve
energy efficiency and reduce CO: emissions, gov-
ernments must impose strict regulations on fossil
fuel products and inefficient low-tech products.
Since higher energy efficiency can be achieved
through joint efforts at the micro and macro lev-
els, imposing a tax on carbon emission, increasing
investment in advanced technologies, financial
incentives in research and development activities,
as well as eco-friendly technologies can increase
energy efficiency. It can also develop countries’
ability to upgrade their export portfolio with clean
technologies. Governments need to legislate for
more renewable energy consumption. Therefore,
emerging economies should aim to improve en-
ergy efficiency through appropriate policies and
investment projects because energy efficiency
requires less energy and resources to produce the
same amount of products and services, and this in-
creases the quality of the environment. In addition,
policymakers should formulate policies related to
environmental protection. To this end, encourag-
ing manufacturers to use clean technologies will
be very useful because higher quality products will

—

increase the quality of export products, which will
help reduce carbon dioxide emissions in emerging
countries.

The results of this paper show that the greatest
way for the emerging economy to reduce CO:
emissions is to reduce the consumption of fossil
fuels and replace renewable energy and reduce
exports of low-tech and low-quality goods. How-
ever, emerging economies are on track to increase
per capita production and expand trade. On the
other hand, as countries increase their incomes as
production increases, communities use more ad-
vanced and environmentally friendly production
techniques that reduce environmental degradation.
As a result, reducing CO- emissions is possible
due to increased energy efficiency and greater ef-
forts to replace fossil fuels with renewable sourc-
es. Pricing carbon dioxide emissions or the trade
system tax can also help reduce fossil fuel con-
sumption. Emerging economies tend to stabilize
export demand and sustainably improve econom-
ically in the face of global warming and climate
change during the development process.
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