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Abstract
This study analyzes the impact of economic growth, energy consumption, trade openness, and tourism on environmental
degradation measured by CO2 emissions by using annual data of 112 countries for the period 1995 to 2017. Furthermore, the
study also analyzes the relationship of the variables as mentioned above in four income and five regional groups of the world. The
findings confirm the existence of environmental Kuznets curve (EKC), and level of income (turning point) is also determined,
which helps in the improvement of the environmental quality of selected sample countries. The results of the overall sample show
that economic growth, use of energy, and tourism are proved to be harmful to the environment, whereas the result of trade
openness is not statistically robust. Results of sub-samples are mixed. Findings of this study highlight some essential steps which
must be taken by the government and international environmental agencies for the protection of the environment through efficient
utilization of energy and sustainable tourism.
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Introduction

Due to the increased emission levels of greenhouse gases
(GHG), global warming has become a significant risk to the
global environment and living organisms. These greenhouse
gases include carbon dioxide (CO2), methane, and nitrous
oxide. The amount of carbon dioxide in the atmosphere was

90% while that of methane and nitrous oxide was 9% and 1%,
respectively (IEA 2017). Different human activities are re-
sponsible for these increased emissions, and one of the main
consequences is extreme weather. The average temperature
has been increasing, which results in changing the pattern of
rain and melting the snow and glaciers, which in turn raises
the water level in the sea and oceans. All these changes badly
affect the environment and human life (Boutabba 2014).

The relationship between income and any type of pollution is
studied under the environmental Kuznets curve (EKC) hypothe-
sis. It states that the relationship between growth and emissions is
quadratic, which means that in early phases of growth, CO2

emission increases, but after reaching some threshold, it starts
decreasing. The reason behind this decrease is that due to the
increase in income, individuals started demanding a cleaner en-
vironment. Thus, it can be said that economic progress solves the
problem of environmental degradation (Appiah 2018; Mercan
and Karakaya 2015; Soytas et al. 2007).

Energy is considered a vital determinant of economic
growth but excessive use of the energy to sustain economic
growth also harms the environment by raising the amount of
different GHGs in the air. According to IEA (2017), the global
energy demand for production had increased 150% from 1971
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to 2015, while the total amount of CO2 in the atmosphere was
increased by 40% in 2016 compared with 1800 with an aver-
age growth of 2 ppm/year in the last decade which severely
affected the environment. The share of the non-renewable fuel
sources in the world total energy supply remained unchanged
for the last many years and accounting for 82% of total pri-
mary energy supply (TPES) until 2015, even though renew-
able energy sources have grown considerably consisting of
34% of total energy supply in the world.

Over time, countries are moving towards trade liber-
alization, which also affects the environment through
raising emissions. Free trade has three types of effect
on the environment, i.e., scale, technique, and composi-
tion effect. Environmental quality deteriorates due to
expansion in the economic activities and demands for
exported products whose production harms the environ-
ment or for imported products whose use can damage
the environment. It is considered the scale effect of
trade. Thus, the quality of the environment deteriorates
as the scale of trade expands. On the other hand, com-
position effect of free trade on the environment can be
either good or bad. Composition of products (dirty or
cleaner) in the gross domestic product (GDP) deter-
mines the scale of the positive and negative effect of
free trade on the environment. Due to free trade, coun-
tries can use advanced, better, and cleaner technologies
that helped reduced pollution and improves environmen-
tal quality whereas free trade can influence environment
negatively if free trade helped in moving polluting in-
dustries from high-income to low-income nations.

Trade’s composition effect is similar to the concept of “pol-
lution heaven hypothesis” (PHH), meaning that the countries
having strict environmental laws shift their industries to na-
tions having lenient environmental laws. As for technique
effect, the impact on the environment is positive as the import
of the cleaner techniques of production can reduce the pollu-
tion level in the country. Technique effect of trade also referred
to as technology transfer view which states that free trade
enhances mobility of advanced technologies which are suit-
able for the environment, and this mobility can improve the
environment in the long run (Keho 2016; Kukla-Gryz 2009).

International tourism is the third top export category world-
wide after chemicals and fuels and amounts 7% of world
export of goods and services and has become the fastest-
growing economic sector of the world. The emergence of
new destinations and continued expansion in the tourism sec-
tor has brought the total volume of this sector up to 1.4 trillion
US dollars in 2016 (UNWTO 2017). Importance of tourism
for economic development cannot be denied, but this enor-
mous growth of the tourism sector has also negatively impact-
ed the destination’s environment. The increased use of energy
as a direct consequence of increased tourism is resulting in
environmental degradation. For example, energy is needed for

different purposes such as traveling and construction of infra-
structure like hotels, roads, etc. that adversely impact the qual-
ity of the environment (Katircioglu 2014). These construc-
tions affect the environment and life of all living things in a
negative way (Apergis and Ozturk 2015), and these impacts
are most probable to occur in those countries which welcome
the tourists from other countries (Butler 1991).

Considering the adverse consequences of the CO2 emis-
sions, previous researches have studied numerous determi-
nants of pollution and environmental degradation by
combining one or two independent variables and by using
different time periods, estimation techniques, and sample
countries. The present study investigates the effect of GDP,
trade liberalization, energy use, and tourism on CO2

emissions. To the best of our knowledge, only two studies
have been conducted to explore the impact of all variables
mentioned above on the environment. Dogan and Aslan
(2017) investigated the effect of trade liberalization, growth,
tourism, and the use of energy on emissions by covering the
data from 1995 to 2010 for OECD countries. Their study is
criticized on different grounds such as they only focus on
OECD countries which are 27 and their contribution in the
world CO2 emission was only 36% while non-OECD coun-
tries contributed 60% in 2015 (IEA 2017). According to the
report ofWTO (2017), the share of less developed countries in
the world trade was 41% in 2016. On a regional basis, Europe,
Asia, and North America are three important regions which
performed well in trade. Concerning tourism, growth in the
number of tourists who traveled to Europe is only 2% while
the growth of tourist traveled to Asia and Pacific, Americas,
Sub-Saharan Africa, and South Asia was 9%, 3%, 10%, and
8% respectively (UNWTO 2017). The second study was con-
ducted by Ben Jebli et al. (2014) who analyzed the relation
among GDP, tourism, renewable energy consumption, trade,
and CO2 emissions from 1995 to 2010 using a sample of 22
nations of Central and South America. Their research was also
limited in terms of selection of sample and study period. The
present study is more comprehensive because it used not only
an extended study period from 1995 to 2017 but also data of
112 countries.

Moreover, the present study also studied the relationship
between the variables in low-income, lower-middle-income,
upper-middle-income, and high-income countries. Further,
the current study also examined the relationship of the variable
in the five regions, i.e., East Asia and Pacific, Europe and
Central Asia, Latin America and Caribbean, Middle East
and North Africa, and Sub-Saharan Africa. This study is es-
sential because it not only explained the role of GDP, trade
liberalization, energy use, and tourism on CO2 emissions at
world level but also at different income and geographical re-
gions. The finding of this study will help policymakers and
concerned parties to understand the role of these variables in
different regions and income groups.
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Literature review

Among recent literature, Danish and Wang (2018) argued that
the tourism sector significantly encourages economic growth;
however, it also negatively impacts the environment in BRICS
economies between 1995 and 2014. Moreover, they proved
the existence of EKC in BRICS economies. The similar neg-
ative impact of tourism on the environment quality is reported
for Egypt by Sghaier et al. (2019). However, they also report-
ed a positive impact of tourism on the quality of environment
for Tunisia. They suggested an inverted U-shaped relationship
between CO2 emissions and level of income for Morocco and
Egypt and a U-shape relationship for Tunisia. For a panel of
top ten induced countries from 1995 to 2016, the presence of
EKC is confirmed by Shaheen et al. (2019). Furthermore, their
study also supported the feedback hypothesis, i.e., the link
between tourism and energy demand and CO2 emissions and
international tourism departure.

Qureshi et al. (2017) revealed that inbound tourism has a
positive effect on energy demand, per capita income, trade,
and CO2 emissions while tourism receipts increase GHG
emissions and CO2 emissions. Whereas, in economic growth
and trade openness, both increase inbound tourism. The study
further confirmed the EKC hypothesis for CO2 and GHG
emissions, respectively. Brahmasrene and Lee (2017) proved
the long-run impact of CO2 emissions, tourism, industrializa-
tion, urbanization, globalization, and economic growth in
Southeast Asian countries. Doğan (2017) concluded that re-
newable energy mitigates pollution, whereas real GDP and
tourism contribute to the level of emissions for the top 10
most visited countries. For a panel of 11 transition
economies from 1995 to 2013, Zaman et al. (2017) showed
that per capita income escalates CO2, which deteriorates the
natural environment of these countries. Furthermore, they
found that international tourism receipts and international
tourism expenditures for travel items are associated with the
intensifying CO2 emission and per capita income in the
region.

Empirical studies investigating the factors influencing en-
vironmental degradation have addressed different economics,
and political factors, e.g., GDP, trade openness, economic lib-
eralization, types and use of energy, tourism, economy and
industrial growth, and financial development under different
methodological settings, and have reported diverse findings.

The following table has summarized the relevant empirical
literature in the context of different countries, study periods,
variables, and econometric techniques.

The literature reviewed revealed that only two studies
(Dogan et al. 2017; Ben Jebli et al. 2014) had examined the
effect of GDP, trade liberalization, energy use, and tourism on
CO2 emissions (Table 1). All other studies analyzed the effect
of either one or two of these factors on environmental degra-
dation by using the different study periods, estimation

techniques, and sample countries. Therefore, it is desired to
conduct a study that used not only a large sample and an
extended time period but also different econometric specifica-
tions to check the robustness of the results. The current study
is aiming to fulfill this gap by using the data from 112 nations
and an extended study period, i.e., from 1995 to 2017
(22 years).

Data and methodology

The current study used yearly data of all variables from 1995
to 2017 for the sample of 112 countries. These countries were
further divided into groups based on regions and income.
World Bank divides countries into seven regions, namely,
East Asia and Pacific (EAP), Europe and Central Asia
(ECA), Latin America and the Caribbean (LAC), Middle
East and North Africa (MENA), North America (NA), South
Asia (SA), and Sub-Saharan Africa (SSA). North America
and South Asia were excluded from the sample because the
number of countries in these two regions is less than the var-
iables. On an income basis, countries were divided into four
groups. According to the World Bank income classification
2019, low-income countries (LIC) are those whose per capita
income is equal or less than $995. Lower-middle-income
countries (LMIC) have a per capita income between $996
and $3895. The range of the income of upper-middle countries
(UMICs) is between $3896 and $12,055, and high-income
countries (HIC) have a per capita income of more than
$12,055. Data on the required variables were obtained from
World Development Indicators (WDI) 2018. Statistical pack-
age EViews 9 was used for estimation.

The estimation model based on Dogan et al. (2017) is as
follows

CO2ð Þit ¼ β0 þ β1GDPit þ β2 GDPitð Þ2 þ β3EGYit

þ β4TRit þ β5TOURit þ eit ð1Þ

whereβ0 is the intercept, whileβi shows slopes of their respective
variables. CO2 represents CO2 emission per capita metric ton,
GDP is GDP in constant 2010 US dollar, GDP2 is the square of
GDP, EGY is energy consumption in kg of oil equivalent per
capita, TR is trade as a percentage of GDP, and TOUR is the
number of international tourist arrivals. All variables were log-
transformed for econometric estimation. The error term is repre-
sented by “e,” time by “t,” and countries by “i.”

This study hypothesized that GDP, energy, trade openness,
and tourism have a positive influence while GDP2 has a neg-
ative influence on CO2 emissions.

Initially, the econometric model is estimated by pooled
ordinary least square, which pooled all observations and
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Table 1 Tabulated literature review

Author/year Countries/region/
time

Variables Estimation technique Results

Ang (2007) France; 1960–2000 GDP, energy, and CO2 VECM and ARDL EKC exists. EC increases CO2 emissions.
Jalil and

Mahmud
(2009)

China; 1975–2005 Trade, energy, GDP, and
CO2

ARDL EKC exists. Growth causes CO2, and trade degrades
the environment, but this impact is not
significant.

Menyah and
Wolde-Ruf-
ael (2010)

USA; 1960–2007 GDP, NE, REC, and
CO2

Toda and Yamamoto Granger
non-causality test

NEC causes emissions, whereas REC does not
cause emissions.

Shahbaz et al.
(2012)

Pakistan;
1971–2009

Trade, energy, GDP, and
CO2

Granger causality and ARDL EKC exists. Energy was negatively related with
environment, whereas trade significantly
decreases emissions in the long run.

Hwang and
Yoo (2014)

Indonesia;
1965–2006

Energy, GDP, and CO2 ECM CO2 ↔ energy; GDP→ energy and emissions

Katircioǧlu
(2014)

Singapore;
1971–2010

Tourism and CO2 Quasi generalized least square, dynamic
ordinary least square, and ECM

Tourism decreases emissions, tourism causes
emissions, and EKC exists in Singapore.

Katircioglu
(2014)

Turkey;
1960–2010

Use of energy, tourism,
and CO2

ARDL, impulse response, and variance
decompositions

Tourism degrades the environment by increasing the
use of energy.

de Vita et al.
(2015)

Cyprus;
1970–2009

Tourism, energy use,
CO2

ARDL, ECM Tourism increases CO2 and energy use.

de Vita et al.
(2015)

Turkey;
1960–2009

GDP, energy use,
tourism, and CO2

DOLS, and ECM All variables increase carbon dioxide emissions, and
EKC was valid.

Ali et al.
(2016)

Nigeria;
1971–2011

GDP, energy, urban
population, trade, and
CO2

ARDL Prosperity of economy and energy increases
emissions while trade negatively affects this
level.

Attari et al.
(2016)

Pakistan;
1971–2009

Growth of industrial
sector and CO2

ARDL and Granger causality EKC does not exist. Industrial growth → CO2

Zaman et al.
(2016)

Portugal;
1971–2011

GDP, credit to the
private sector, energy
intensity, and CO2

ARDL, VECM, and innovative
accounting approach

Impact of energy and growth was positive, whereas
that of financial development was negative.

Yorucu (2016) Turkey;
1960–2010

Tourism, electricity use,
and CO2

ARDL Tourism increases CO2.

Bélaïd and
Youssef
(2017)

Algeria;
1980–2012

Renewable and
non-renewable
electricity use GDP
and CO2

ARDL GDP and NREC put positive, while REC has a
negative impact on emission. GDP→NREC

Cherni and
Essaber
Jouini
(2017)

Tunisia;
1990–2015

GDP, REC, and CO2 ARDL and Granger causality Income ↔ REC and emissions; CO2 ≠REC

Mikayilov
et al. (2018)

Azerbaijan;
1992–2013

GDP and CO2 FMOLS and DOLS GDP increases CO2.

Khan et al.
(2019)

Pakistan;
1972–2013

GDP, trade, use of
energy, financial
development,
urbanization, and
CO2

ARDL and ECM EKC exists. All variables have a detrimental impact
on the environment via increasing pollution level.
Trade ↔ CO2

Apergis and
Payne
(2009)

Six Central
American
nations;
1971–2004

GDP, energy, and CO2 VECM EKC exists. Impact of energy on the environment is
negative.

Apergis et al.
(2010)

19 countries GDP, REC, nuclear
energy (NE), and
CO2

ECM and Granger causality REC increases CO2 while nuclear energy mitigates
this level.

Pao and Tsai
(2010)

Brazil, India,
China, and
Russia; different
periods

GDP, use of energy, and
CO2

VECM Energy usage increases CO2, and EKC was
supported.

Arouri et al.
(2012)

12 MENA
countries;
1981–2005

GDP and CO2 ECM Weak evidence of the presence of EKC

Lee and
Brahmasre-
ne (2013)

27 EU countries;
1988–2009

Tourism, GDP, FDI, and
CO2

Fixed effects models and Fisher-type
Johansen panel cointegration test

FDI, CO2, and tourism stimulate growth. Tourism
and FDI improve environmental quality while
GDP degrades it.

Mehrara and
Rezaei
(2013)

Brazil, Russia,
India, China,
and South
Africa;
1960–1996

GDP, trade, and CO2 Kao panel cointegration test Emissions are increasing due to trade openness
while the association between economic welfare
and environment is non-linear, but these findings
are weak proof of EKC.

Saboori and
Sulaiman
(2013)

Five Southeast
Asian Nations;
1971–2009

Energy, GDP, and CO2 ARDL and VECM A positive impact of energy on emissions was
found. EKC exists in Singapore and Thailand
only.

Environ Sci Pollut Res (2020) 27:13477–1348713480



Table 1 (continued)

Author/year Countries/region/
time

Variables Estimation technique Results

Akin (2014) 85 countries;
1990–2011

Trade, energy use, GDP,
and CO2

OLS, FMOLS, DOLS, and VECM CO2 increases energy use, and GDP promotes trade.
In the long run, trade is negatively related to
emissions. CO2→ trade. Growth→ CO2 and
energy. GDP ↔ trade and square of trade.

Ben Jebli et al.
(2014)

22 nations of
Central and
South America;
1995–2010

GDP, tourism, REC,
trade, and CO2

FMOLS, DOLS, and pairwise Granger
causality

Tourism and REC improve environmental quality
while trade and income degrade it. REC→CO2,
and trade, GDP→ tourism and liberalization,
tourism → trade in short run. Two-way relation
was found among variables in the long run.

León et al.
(2014)

14 advanced and
31 less
developed
countries;
1998–2006

Tourism and CO2 STIRPAT approach Tourism increases the level of CO2 emission in both
types of sample nations.

Uçak et al.
(2015)

19 countries;
1961–2004

GDP and CO2 FMOLS and DOLS There is a positive relationship between GDP and
environmental degradation in 19 countries except
Norway.

Al-mulali et al.
(2015)

129 nations;
1980–2011

Trade openness and
CO2

DOLS and Granger causality test Free trade decreases emissions in
upper-middle-income and high-income countries
while in lower-middle-income nations, it harms
the environment.

Bilgili et al.
(2016)

17 OECD
countries;
1977–2010

GDP, REC, and CO2 DOLS and FMOLS EKC exists. REC improves the quality of the
environment.

Dizaji et al.
(2016)

D8 countries;
1975–2012

GDP and CO2 Fixed effects model EKC exists.

Dogan and
Seker
(2016a)

16 OECD
countries;
1975–2011

GDP, energy, trade,
development of
financial sector, and
CO2

Seemingly unrelated regression, LM
bootstrap cointegration test, and the
Emirmahmutoglu-Kose Granger
causality test

Results support the EKC. Energy consumption was
positively related to gas emission while domestic
credit to private sector and openness improves
environmental quality.

Dogan and
Seker
(2016b)

15 states of the
European
Union;
1980–2012

GDP, liberalization,
REC, NREC, and
CO2

DOLS and Dumitrescu-Hurlin
non-causality test

EKC exists. NREC deteriorates while REC and
trade improve the quality of the environment.
REC ↔ CO2, Trade→ CO2. CO2→NREC and
GDP→CO2

Ben Jebli et al.
(2015)

25 OECD
countries;
1980–2010

GDP, trade, energy, and
CO2,

Granger causality, FMOLS, and DOLS EKC was valid, and NREC enlarges the level of
emission while REC and trade negatively affect
this level.

Keho (2016) 11 West African
states;
1970–2010

Trade and CO2 ARDL and Granger Causality Liberalization improves environmental quality in
Benin and Gambia while it harms the
environment in Burkina Faso, Ghana, Senegal,
and Togo.

Lee and
Brahmasre-
ne (2016)

14 Sub-Saharan
African
countries;
1988–2010

GDP, energy, tourism,
and CO2

Johansen panel cointegration and random
effects model

Findings for the whole panel revealed that tourism
increases GDP. Energy utilization, growth, and
tourism degrade the environment.

Dogan and
Aslan
(2017)

25 EU countries;
1995–2011

GDP, EC, tourism, and
CO2

LM bootstrap panel cointegration,
FMOLS, DOLS, OLS, group mean
estimator, Emirmahmutoglu-Kose
panel Granger causality

Findings showed a negative impact of energy,
whereas a positive impact of tourist arrivals and
growth on the environment. Tourism→ CO2.
CO2 ↔ energy and growth.

Dogan et al.
(2017)

27 OECD
countries;
1995–2010

CO2, real GDP, energy
use, trade, and
tourism

DOLS, Dumitrescu-Hurlin causality, and
LM bootstrap panel cointegration test

Use of energy and tourism stimulate pollution while
free trade decreases CO2. EKC was not present.
GDP ↔ CO2, energy use, tourism, and trade.
Energy↔ CO2. Tourism → CO2, energy and
trade. Trade → CO2 and energy.

Cai et al.
(2018)

G7 countries;
different time
periods

GDP, use of clean
energy, and CO2

Bootstrap ARDL bounds test and Granger
causality

CO2→ energy in Germany. Energy → CO2 in the
USA. Growth hypothesis was supported in
Canada, Germany, and the USA. CO2 ↔ clean
energy in Germany.

Khoshnevis
Yazdi and
Ghorchi
Beygi
(2018)

25 African
countries;
1985–2015

GDP, REC, use of
energy, FD, trade,
growth of urban
population, and CO2

Pooled mean group approach andGranger
causality

Findings support EKC. Renewable energy and trade
liberalization improve environmental quality.
GDP ↔ CO2. Financial development↔ CO2.
Renewable energy→CO2

Sghaier et al.
(2019)

Egypt, Morocco,
and Tunisia;
1980–2014

Number of tourist, GDP,
and CO2

ARDL Results affirmed the presence of EKC in Egypt and
Morocco only. Tourism has good, bad, and no
impact on the environment in Tunisia, Egypt, and
Morocco, respectively.

Environ Sci Pollut Res (2020) 27:13477–13487 13481



provided a regression impact without considering the prob-
lems of cross-sections and time series in the data. Hausman
test is then used to decide between fixed effects or random
effects model. Redundant test is used to decide that between
time and country differences, i.e., which one should be treated
as constant. Two types of variations exist in panel data. The
first one is differences among countries due to different econ-
omy sizes, geographical locations, area, etc., while the second
types of variations are due to some sudden policy shocks in a
specific period. These variations affect empirical results;
therefore, it is essential to find out whether these variations
exist in the data and if variations exist then whether these
significantly affect the results or not. When independent var-
iables are correlated with the error term, fixed effects test is
used to keep this correlation constant. In other cases, when
they are not correlated, random effects model is used.
Generalized least square (GLS) is used to check the robustness
of a fixed effects model. Further, GLS estimators are robust
even if the data is being autocorrelated and heteroskedastic.

Results and discussion

Table 2 contains descriptive statistics. The minimum value of
CO2 emissions is of Congo in 2001, and the maximum value
was of Kuwait in 1995. Among sample countries (Table 7 in
the Appendix), the USA in 2017 had the highest GDP while
Eritrea in1995 had the lowest GDP. During the study period,
Bahrain had the highest energy consumption in 1998; where-
as, Bangladesh had the lowest energy consumption in 1996.
Singapore in 2008 was the most open nation because of its
highest trade volume while Iraq was a closed economy in
1995 due to its lowest volume of trade. France had the max-
imum number of tourists in 2015, whereas the least traveled
destination was Turkmenistan in the year 2000.

Table 3 reports the correlation matrix. CO2 emissions are
positively correlated with GDP, energy consumption (EGY),
trade (TR), and tourism (TOUR). GDP is positively correlated
with EGYand TOUR, whereas it is negatively correlated with
TR. Use of energy has a positive but weak significant corre-
lation with trade, whereas it has a positive correlation with
tourism. Correlation among all variables is statistically
significant.

Whole sample results of fixed effects (FE) and GLS are
reported in Table 4. According to the results of both models,
a quadratic relationship is validated between economic growth
and environmental degradation, as the coefficient of GDP is
positive, whereas GDP square’s coefficient is negative. The
presence of the EKC suggests that the prosperity of an econ-
omy is good for the environment when an economy achieves
the threshold level of income. Higher utilization of energy has
a detrimental impact on the environment via increasing emis-
sions. This result is similar to Dogan and Aslan (2017), Dogan
and Seker (2016b), Dogan et al. (2017), and Pao and Tsai
(2010). More use of energy is harmful to the environment
because mostly used energy is oil-based and non-renewable.
Energy is used for different purposes like production, travel-
ing, and heating, resulting in increased gas emissions. Trade
increases pollution in the fixed effects model while it is insig-
nificant in GLS. Increased CO2 emissions are linked to in-
creased arrival of tourists. This positive impact has also been
reported by the number of previous studies (Dogan et al. 2017;
León et al. 2014; Shakouri et al. 2017). Tourism also degrades

Table 2 Descriptive statistics (1995–2017)

Mean Std. dev. Max. Min. Obs.

CO2 5.093 5.235 34.037 0.017 2576

GDP (bn) 513 1590 17,300 1.67 2576

EGY 2188.52 2128.25 12,406.71 131.891 2576

TR 86.65 52.733 441.604 0.021 2576

TOUR (bn) 0.007 0.013 0.084 3400 2576

Table 3 Correlation matrix

1 2 3 4 5

LnCO2 1.000

LnGDP 0.521a 1.000

LnEGY 0.920a 0.536a 1.000

LnTR 0.233a − 0.314a 0.240a 1.000

LnTOUR 0.522a 0.756a 0.497a − 0.047b 1.000

The letters a and b in superscript show significance at 1% and 5%,
respectively

Table 4 Relationship among GDP, energy consumption, trade, tourism,
and CO2 emissions in the whole sample

Variables Fixed effects GLS

Constant − 11.940a (0.428) − 7.913a (0.220)
LnGDP 1.293a (0.075) 0.901a (0.039)

LnGDPsq − 0.039a (0.004) − 0.040a (0.002)
LnEGY 0.825a (0.030) 1.040a (0.017)

LnTR 0.041a (0.012) − 0.005 (0.006)

LnTOUR 0.041a (0.004) 0.013a (0.003)

Turning point (constant 2010 US$) 15,807,265.02 71,300.422

Test statistics

R-squared 0.992 0.998

Adjusted R-squared 0.991 0.998

F-statistics 2093.104a 8894.234a

Hausman statistics 23.088a ---

The letter “a” in superscript shows significance at 1%. Values in paren-
theses show standard error. Dependent variable is CO2 emissions.
Turning point is found by using the formula e−β 1/

2β
2

Environ Sci Pollut Res (2020) 27:13477–1348713482



the environment by affecting the ecosystem through the mis-
management in the disposal of wastes.

The turning point of EKC is 15,807,265 USD in column 1
and 71,300 USD in column 2. The explanatory power of the
fixed effects model is excellent as 99% variation in CO2 is
explained by the independent variables. F-statistics of both
models is significant at 1%, which shows that these models
are statistically sound.

Table 5 presents the results of different income groups.
Robustness of FE is tested by applying the GLS method while
random effect (RE) model robustness is tested with the help of
pooled ordinary least square (OLS). Results of low-income
countries affirm EKC as GDP is positive while its square is
negative and significant. In literature, the same quadratic rela-
tionship was reported by Apergis and Ozturk (2015), Dizaji
et al. (2016), Pao and Tsai (2010), and Zaman et al. (2016).
This result shows that the continuous process of the develop-
ment of an economy is a cure for environmental degradation
after reaching the turning point of environmental Kuznets
curve. In lower-middle-income countries, GDP is negative,
and GDP2 is significantly positive, indicating that the relation-
ship between growth and pollution is U-shaped. Thus, these
results do not support the EKC hypothesis in pooled OLS
while in RE, GDP, and its square are insignificant.

In upper-middle-income countries, economic growth turns
out to be significantly positive for the level of emissions, while
GDP2 is insignificant. For high-income countries, the fixed
effects model suggested that increase in growth increases
emissions while GDP2 is insignificant. Findings from GLS
supported the presence of a non-linear relationship between
income and environmental quality. Higher utilization of ener-
gy significantly increases the amount of carbon dioxide emis-
sions in all groups, but the magnitude is different. This result is
in line with Dogan and Aslan (2017), Dogan et al. (2017), and
Pao and Tsai (2010). Energy is required mainly for production
purposes, and this energy is oil-based, which harms the envi-
ronmental quality; thus, this energy should be replaced with
renewable and clean energy. Trade significantly increases
emissions in the first three income groups while it is insignif-
icant in low-income and upper-middle-income pooled OLS
results. The negative impact of trade depicts that the scale
effect of trade is dominant on technique and composition ef-
fect. For high-income countries, trade proves to be good for
the environment by reducing the level of emissions. This re-
sult is also similar to Dogan and Aslan (2017) and Dogan et al.
(2017).

In low-income countries, tourism has a beneficial impact
on environment as it decreases emissions (Dogan and Aslan

Table 5 Relationship among GDP, energy consumption, trade, tourism, and CO2 emissions in different income groups

Variables Low-income countries Lower-middle-income
countries

Upper-middle-income
countries

High-income countries

FE GLS Pooled OLS RE FE GLS FE GLS

Constant − 41.065a

(10.144)
− 23.762a

(5.752)
2.512 (2.152) − 6.091a

(2.062)
− 5.863a

(0.833)
− 3.347a

(0.427)
− 4.231a

(0.631)
− 4.477a

(0.469)

LnGDP 6.649a (1.974) 3.359a (1.133) − 1.323a

(0.397)
0.382 (0.375) 0.315b

(0.131)
0.160b

(0.075)
0.171c

(0.102)
0.380a

(0.076)

LnGDPsq − 0.292a

(0.094)
− 0.139b

(0.055)
0.064 a

(0.018)
− 0.009

(0.017)
0.008 (0.006) − 0.005

(0.003)
− 0.004

(0.004)
− 0.021a

(0.004)

LnEGY 1.428a (0.188) 1.462a (0.110) 1.230a

(0.040)
0.970a

(0.050)
0.569a

(0.039)
0.849a

(0.018)
0.996a

(0.040)
1.124a

(0.023)

LnTR 0.040 (0.055) 0.118b (0.046) 0.190a

(0.055)
0.071b

(0.029)
0.011 (0.010) 0.023a

(0.006)
− 0.003

(0.023)
− 0.066a

(0.010)

LnTOUR − 0.083a

(0.028)
− 0.082a

(0.022)
0.088a

(0.020)
0.043a

(0.011)
0.034a

(0.006)
0.004 (0.002) 0.020b

(0.010)
− 0.013b

(0.007)

Turning point
(constant 2010
US$)

87,097.362 179,428.987 --- --- --- --- --- 9082.299

Test statistics

R-squared 0.979 0.971 0.706 0.690 0.978 0.994 0.990 0.994

Adjusted
R-squared

0.975 0.970 0.704 0.688 0.976 0.994 0.990 0.993

F-statistics 233.265a 505.530a 295.758a 274.063a 530.526a 3203.383a 1350.460a 3141.596a

Hausman
statistics

12.181b --- 8.759 --- 29.569a --- 10.606 ---

The letters a and b in superscript show significance at 1% and 5%, respectively. Values in parentheses show standard error. Dependent variable is CO2

emissions
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2017; Katircioglu 2014) while contradictory to this result,
tourism increases emissions in lower-middle-income coun-
tries; these findings are aligned with those of Dogan et al.
(2017) León et al. (2014), and Shakouri et al. (2017).
Tourism is beneficial for the environment in low-income coun-
tries, suggesting that these counties should encourage tourism,
while LMIC should make policies for sustainable tourism. In the
upper-middle-income group, coefficient of tourism is positive in
FE, whereas it is insignificant in GLS. In high-income group, the
impact of tourism is positive in FE,whereas it is negative inGLS.
The turning point of environmental Kuznets curve for low-
income countries is USD 87,097 and USD 179,428 in fixed
effects and GLS, respectively. For low andmiddle-income coun-
tries, the turning point cannot be calculated due to the absence of
EKC. In GLS, USD 9082 is regarded as the turning point of
EKC of high-income countries. Values of R-squared in all
models are significantly high, and F-statistics shows that all
models are statistically correct.

Table 6 reports the results of five regions included in this
study. The results of the EAP regions are obtained through
pooled OLS and random effects models while the results of
the remaining four regions were obtained by fixed effects and
generalized least square. In pooled OLS of the first group,
both GDP and its square are insignificant. The results of
East Asia and Pacific (in GLS), Europe and Central Asia,
and SSA support a quadratic relationship between economic
growth and CO2 emissions. In the FEmodel, for LAC, GDP is
insignificant while GDP2 increases CO2. Similar results were
reported by Ben Jebli et al. (2015) for Sub-Saharan Africa.
Both variables are insignificant in GLS and also in the results
of MENA. Energy consumption degrades environmental
quality via increasing carbon dioxide emissions in all groups
except in RE results of the first group where it is insignificant.
This result is aligned with previous studies of Dogan and
Aslan (2017), Dogan et al. (2017), and Pao and Tsai (2010).

Trade proves to be beneficial for the environment because
it decreases carbon dioxide emissions in the first group and the
results from GLS of the second group (Dogan and Aslan
2017; Dogan et al. 2017), whereas trade positively affects
pollution level in all the remaining groups (Shahbaz et al.
2017). Tourism increases emissions in all regions except in
East Asia and the Pacific, where it is insignificant. This
positive impact was also found by Dogan et al. (2017) and
León et al. (2014). In the results of the random effect of the
first group, the turning point of income is 193,671 US dollars,
and after this level of income, increase in economic growth
decreases CO2. For the second group, income which is re-
quired for improving the environment is 491,795 and 15,598
US dollars in FE and GLS, respectively. In the last group, the
turning point of EKC is 2,253,035 and 2,415,805 US dollars
in FE and GLS, respectively. F-statistics of all models is sig-
nificant which shows that these are the best fit while the value
of R-squared is good enough in all models to accept.

Conclusion and policy implications

The present study analyzed a sample of 112 countries
for the impact of economic growth, trade liberalization,
energy use, and tourism on CO2 emissions from 1995 to
2017. This study attempted to find out the existence of
EKC in 112 sample nations, and then, the sample was
divided on income and regional basis. Pooled OLS,
fixed and random effects models, and GLS were used
for estimations. The overall sample’s outcomes showed
that economic growth, energy use, and tourism are
proved to be harmful to the environment, and these
results remain unchanged in alternative estimation tech-
niques. More use of energy increased emissions because
this energy is non-renewable and oil-based. The in-
creased arrivals of tourists degrade the environment
and severely affect ecosystem. International tourism re-
quires the construction of supporting infrastructure and
requires energy not only in destination places but also
for traveling through road and airways. All of this neg-
atively affects environmental quality by increasing the
level of emissions. Existence of EKC means that initial-
ly, the progress of the economy is detrimental for the
environmental quality, but in later stages, it results in
improving the environmental quality. The results of sub-
samples are mixed. Based on the current study’s find-
ings, the following policy recommendations are
suggested:

1. Tourism and the associated increase in energy usage neg-
atively impact the environment via increasing emissions.
Therefore, renewable or green energy such as solar, wind,
or thermal should be used instead of non-renewable
energy.

2. Those countries for which study results are supporting
EKC existence should focus on increasing their economic
growth, as citizens’ income reaches some particular point,
they will be more concerned for the environment.

3. Tourism degrades the quality of the environment via im-
proper management of the disposal of wastes; thus, waste
management requires strict policies and their implemen-
tation by the government.

4. The government should encourage investments in green
energy projects by announcing subsidies and tax reduc-
tions on environmentally friendly energy projects.

5. The government should implement strict policies regard-
ing environmental protection. Cooperation among differ-
ent countries relating to design different policies for de-
creasing emission level is necessary.

6. Governmental and non-governmental organizations
should hold awareness campaigns because any restriction
and policy will not work until people understand and
show responsible behavior towards the environment.
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7. In upper-middle and high-income countries, economic
growth hurts the environment suggesting that these coun-
tries should adopt environmentally friendly methods of
production.

8. In Latin America and the Caribbean, MENA, and SSA,
more trade liberalization is dangerous for the environ-
ment; thus, these countries should impose tariffs on those
products which cause environmental degradation and de-
crease tariff rates on products made with the help of clean
and environmentally friendly energy.
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