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Abstract

Since the late 1980s climate change as an incessant
controversial topic has occupied the agenda of the top
economies, sparking a heated debate among researchers,
policy-makers, and international organizations. IMF
argued that climate change imposes a huge threat on the
long-run development and growth of world nations.
While trying to capture the real drivers behind it, the
United Nations (UN) reveals that CO2 emissions that
contribute to more than 66% of the greenhouse gases can
be claimed responsible. Hence, uncovering the relation-
ship between CO2 emissions and countries’ economic
growth is vital. To assess the relationship between CO2

emissions and economic growth, the paper will use the
Environmental Kuznets’ Hypothesis (EKC). The previous
empirical findings on EKC hypothesis found a bidirec-
tional relationship between CO2 emissions and growth.
Thus, a new functional form is introduced to capture the
empirical literature as well as test the normal functional
form. Using ARDLand stability testing as econometric
techniques. Employing time-series data approaches for
60 years from 1960 to 2018 for the low-income countries
group. The results are robust and support the presence of
both EKC and its extended version in the long-run in
some low-income countries.
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1 Introduction

Global warming has reached a level such that we can ascribe
with a high degree of confidence a cause-and-effect relationship
between the greenhouse effect and observed warming…In my
opinion, the greenhouse effect has been detected, and it is
changing our climate now. Dr. James Hansen, testimony before
U.S. Senate of Energy and Natural Resources Committee in
Congress, 1988.

Since 1988, Climate change is a non-ending controversial
topic on the agenda of top economies, policy-makers,
international organizations, and researchers. The entire globe
has been hit by atypical weather and the hottest temperatures
on record. Given the accrues in the average global temper-
ature a series of events are anticipated such as forest fires,
droughts, huge storms, unusually cold winters, and floods.
These forms of environmental degradations driven by
human activities and burning of fossil fuels that increased the
release of carbon dioxide (Greenhouse gases) in the atmo-
sphere (WHO, 2018). According to IMF (2020), climate
change is imposing a serious threat on the economic
well-being and long-run growth of world nations. Green
House Gases (GHG) is the main contributor in climate
change issues grew by 1.5% from 2009 to 2018, hitting a
new peak of 55.3 Giga Tone Carbon Dioxide Equivalent
(GT CO2E2) (Emission Gap Report, UN 2019). With CO2

consisting of 66% of the total emission GHG and the rest
34% attributed to other gases, studying CO2 emissions’
effect on global economies become a must (Akbostanci
et al., 2009; Emissions Gap Report, UN 2019).

Increasing of CO2 emissions are driven by
increasing levels of economic growth, population, and
energy consumption, according to the Kaya identity equation
(Kaya & Yokobori, 1997; Stern & Stern, 2007). On the other
hand, lowering CO2 emissions will decrease economic
growth; because energy consumption and specifically CO2 is
the key part of production (Ahmad et al., 2017; Al-Mulali &
Sab, 2012; Amano, 1993; Ang, 2007; Asafu-Adjaye, 2000;
Fan et al., 2010; Hourcade & Robinson, 1996; Mahadevan

levels
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& Asafu-Adjaye, 2007; Omri, 2013; Omri et al., 2014;
Sadorsky, 2011). These controverting arguments have been
reflected into three strands of theoretical and empirical lit-
erature in the climate change area.
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The first strand is pioneered by Kraft and Kraft (1978),
where the two economists studied the relationship between
energy consumption and gross national income as an indi-
cator for economic growth. Furthermore, the second strand is
pioneered by the work of Grossman and Krueger (1991),
which is built on Kuznets’ Inverted U Inequality Hypothesis.
Moreover, the third strand was analyzing the intersection of
the first two strands, where researchers empirically examine
the dynamic relationship between EG, EC, and environ-
mental pollutants. Economic growth is not only an indicator
for the Gross Domestic Product (hereafter GDP) or GNP, but
also macroeconomic and financial indicators such as foreign
direct investment, trade, financial development indexes.

According to Stern (2004), the negative consequences of
climate change are greater than that of WWI and WWII.
Thus, empirical studies on the effect of CO2 emissions on
economic growth are of a great importance. Hence, Envi-
ronmental Kuznets Curve (EKC) is still relevant today and
considered a cornerstone in analyzing the environmental
degradation in the world. Most of the empirical findings goes
in line with EKC hypothesis where a unidirectional causality
running from economic growth to CO2 emissions is present.
Furthermore, recent studies have shown a bidirectional
causality runs between CO2 emissions and economic
growth, in addition to the unidirectional causality (Acaravci
& Ozturk, 2010; Acheampong, 2018; Ahmad et al., 2017;
Al-mulali & Sab, 2012; Chang, 2010; Coondoo & Dinda,
2002; Dinda & Coondoo, 2006; Farhani et al., 2014; Ghosh,
2010; Govindaraju & Tang, 2013; Halicioglu, 2009; Lau
et al., 2014; Omri et al., 2014; Pao et al., 2011; Pao & Tsai,
2011; Saboori & Sulaiman, 2013; Shahbaz et al., 2013;
Tiwari et al., 2013; Zakarya et al., 2015). As a result, the
empirical foundation of EKC hypothesis requires an exten-
sion to allow for testing economic growth as a function of
CO2 emissions (Extended Environmental Kuznets’ Curve—
EEKC), besides testing the original hypothesis, which is
CO2 emissions as a function of economic growth (EKC).
Therefore, our research will examine the existance of the
EEKC hypothesis as well as the EKC.

This study will focus on low-income countries (as per
World Bank classification) given that they are known to be
more vulnerable to climate change and suffering from sev-
eral macroeconomic imbalances, institutional problems
(corruption), over population, high illiteracy rates, lower
productivity levels and generally low quality of life
(Al-mulali & Sab, 2012). Moreover, an increase in economic
growth seems an obvious target to this income group. Given
the dynamic relationship between economic activities and
climate change. A time-series data analysis will be employed

to capture it from 1960 till 2016. For countries Burkina Faso,
Ethiopia, Madagascar, Malawi, Mozambique, Guinea, Sierra
Leon, Sudan, Chad, Malawi, Togo, Guinea, Guinea Bissau,
Haiti, and Gambia. The uniqueness of this research is in the
sample selected and the long time frame covered.

2 EKC Hypothesis: Previous Empirical
Findings

Examining Environmental Kuznets Curve hypothesis is
pioneered by the seminal paper of Grossman and Krueger
(1991). The study was consisting of three main research
questions; the first one studies the relationship between air
quality and economic growth using panel data in 42 coun-
tries. While the second question examined the determinants
of trade between the USA and Mexico and whether envi-
ronmental pollution in the USA affects the trade with
Mexico. The third question tackles the effect of pollution on
the NAFTA trade agreement. In the first question, Grossman
and Krueger (1991) using random estimation technique for
42 countries with daily records of three environmental pol-
lutants for on average 2 years, found that sulfur dioxide and
smoke are the main contributors to the changes that occur in
growth in low-income countries; however, these two pollu-
tants emissions were decreasing in high-income countries. In
testing the following two questions, Grossman and Krueger
(1991) used random estimation regressions and computable
general equilibrium in the USA, Mexico, and Canada, the
results showed that the environmental pollutants decrease
after exceeding an income threshold for the sample courtiers,
as well as, production in the USA is capital intensive, while
labor-intensive in Mexico. In testing paper questions,
Grossman and Krueger (1991) utilized Simon Kuznets’
econometric technique in capturing income inequality,
which is through adding squared and quadratic terms of
GDP. This technique is then used extensively in the second
strand of literature and named after Environmental Kuznets
Curve (EKC) hypothesis.

EKC hypothesis testing continues to develop with the
attempts of economists to validate its existence, which is,
environmental deterioration measured through CO2 emis-
sions is increasing in the early stages of development; but
lessens as the country develop and have higher economic
growth. Moreover, the EKC hypothesis is identified through
the presence of an inverted U-shaped relationship between
CO2 emissions and economic growth (Coondoo & Dinda,
2002). Empirically, GDP and GDP squared are incorporated
with CO2 emissions to test for the EKC hypothesis, if the
GDP coefficient is positive and GDP square has a negative
coefficient; therefore, the EKC hypothesis is confirmed
(Acaravci & Ozturk, 2010; Coondoo & Dinda, 2002; Dinda,
2004). Coondoo and Dinda (2002) added that in the EKC



hypotheses, CO2 emission is a function of economic growth,
which is consequently resulted in an expected unidirectional
causality running from growth to emissions.
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In testing 88 countries over 1960–1990, Coondoo and
Dinda (2002) used ordinary least squares (OLS), ARDL
bound test for co-integration, and Granger causality to
investigate the causal relationship between income and CO2

emissions. The findings demonstrated that for the developed
country groups of North America, Western, and Eastern
Europe, causality runs from CO2 emission to income.
Besides, for the country groups of Central and South
America, Oceania and Japan causality runs from income to
CO2 emission is obtained. Lastly, for the country group of
Asia and Africa, causality is found to be bidirectional
between CO2 emissions and income.

On the other hand, Friedl and Getzner (2003) used a
time-series approach to check for the validity of EKC
hypothesis in Austria from 1960 to 1999 by using OLS,
co-integration technique based on Durbin Watson statistic
and stationery as econometric techniques. The study findings
emphasized that the relationship between CO2 emissions and
economic growth is N-shaped; thus, EKC hypothesis
validity is rejected. Likewise, Akbostancı (2009) tested the
validity of EKC in India from 1971 till 2006 using ARDL
and Granger causality econometric technique. The results
illustrated that EKC hypothesis does not hold in the
long-run, as well as, there is no co-integration between the
variables.

Furthermore, Galeotti and Lanza (2005) examined the
EKC hypothesis for a panel consisting of 100 countries from
1980 till 2005. The findings showed that using different
functional forms as linear and log-linear forms will lead to
the same finding, which is the confirmation of EKC in the
tested sample. Galeotti and Laanza (2005) used the OLS
estimation technique in investigating EKC hypothesis for
panel data. Besides, using panel data set for 29 provinces in
China from 1995 till 2012, Hao et al. (2016) investigated the
presence of EKC hypothesis through economic growth and
coal consumption and incorporating population density
along with urbanization rate. The study findings confirmed
the validity of EKC hypothesis in China.

Additionally, Coondoo and Dinda (2006) studied the
causal relationship between income and CO2 emissions
through a panel dataset for 88 countries from 1960 till 1990.
The study incorporates OLS, ARDL bound test, Granger
causality, and ECM for testing the research question. The
findings of the study supported the presence of bidirectional
causality runs between CO2 emissions and income in the
following subgroups, Africa, Central America, America as a
whole, Eastern Europe, Western Europe, Europe as a whole,
and the World as a whole. Important to realize that the
movement of either CO2 emissions or economic growth will
directly affect the other, which is Coondoo and Dinda (2006)

and Omri et al. (2014) named as feedback system; thus,
decision-makers should pay huge attention to feedback
system in order to achieve the highest economic return as
possible. Omri et al. (2014) added that the relationship
between CO2 emissions and economic growth can be neu-
tral, in which there is no relationship between them and it is
called the neutrality hypothesis.

Comparatively, Ghosh (2010) scrutinized the relationship
between CO2 emissions and economic growth by incorpo-
rating energy supply, investment, and employment levels.
The study examined the Indian economy from 1971 to 2006,
using ARDL bound test and granger causality as econo-
metric techniques. The study exhibited that there is no
long-run co-integration or causality relationship between
CO2 emissions, and economic growth. However, there is a
short-run bidirectional causality runs between CO2 emis-
sions and economic growth.

Nasir and Rehman (2011) analyzed the relationship
between CO2 emission, energy consumption, and economic
growth by incorporating foreign trade with time-series data
approach for Pakistan from 1972 till 2008. The results reveal
that the EKC hypothesis is not confirmed in the economy.
Nasir and Rehman (2011) emphasized that the study results
are unique from the literature; as none of the variables are
significant in the applied regression of the EKC hypothesis.
Nevertheless, Al-Mulali et al. (2015) explore the EKC
hypothesis in Vietnam from 1981 till 2011. The results
manifested that the Vietnamese economy did not exhibit the
EKC hypothesis; but rather a monotonic increasing rela-
tionship between the variables.

Indeed, time-series data is used more extensively in
testing the EKC hypothesis; as it better capture the long-run
dynamics considering the special economic and environ-
mental nature of each country (Akbostancı et al., 2009).
Using time-series approach, Jaunky (2011) examined 36
high-income countries from 1980 to 2005 through GMM
econometric techniques. The study findings confirm the
validity of EKC hypothesis in Greece, Malta, Oman, Por-
tugal, and the United Kingdom. In addition, Jaunky (2011)
examined 36 high-income countries with panel VECM
Granger causality for the same period of time; however, the
results did not support the existence of the EKC hypothesis.

Govindaraju and Tang (2013) investigated the EKC
hypothesis using CO2 emissions and real economic growth
(GDP) incorporating coal consumption. Time-series
approach was used for India and China over the period
1965–2009. Besides, Bayer and Hank co-integration test,
where multiple co-integration tests are used to provide a
conclusive co-integration finding and Granger causality are
used as econometric techniques. The findings showed that
there is a long-run co-integration relationship between CO2

emissions, growth, and coal consumption, as well as, a
unidirectional causality runs from growth to CO2 emissions



In 1991, and after Grossman and Krueger’s paper that
introduces the EKC hypothesis, economists start to use a
wide different range of techniques, methodologies and
variables to examine the relationship between CO2 emis-
sions and economic growth. This array of differences
between researches resulted in three distinct schools in
analyzing CO2 emissions and economic growth. As dis-
cussed earlier, each school has its group of variables in
analyzing our relation of interest. According to Saboori et al.
(2012), Riti et al. (2017), Ahmad et al. (2017), Akbostancı
et al. (2009), the theoretical basis for the EKC hypothesis is
as follows:

represents gross domestic production (GDP), Y2
T represents

gross domestic production (GDP) squared, and KT repre-
sents other variables that can cause changes in CO2 emis-
sions. Saboori et al. (2012), Riti et al. (2017), Ahmad et al.
(2017), Du et al. (2012), Yavuz (2014) added that examining
the effect of CO2 emissions on GDP should be kept in the
reduced functional form without including further explana-
tory variables. So that the investigated relationship kept
direct, eliminating the risk of omitting relevant variables;
due to data unavailability, and reducing the risk of analytical
freedom and keeping the model parsimonious. Therefore, the
investigated model of the Environmental Kuznets Curve will
be as follows:

the equation constant intercept, that represents a statistical
need and does not have an economic explanation. b1 and b2
are the two coefficients of the explanatory variables. YT
represents gross domestic production (GDP), Y2

T represents
gross domestic production (GDP) squared. The
empirical-based extension for the EKC hypothesis that is
suggested by the research has the following functional form:

in China. For India, there is only a bidirectional causality run
between CO2 emissions and economic growth.
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Moreover, Lau et al. (2014) explore EKC hypothesis
using CO2 emissions and real economic growth (GDP) in-
corporating foreign direct investment and trade openness.
Time-series data approach was applied with ARDL bound
test for co-integration and Granger causality for Malaysia
from 1970 to 2008. The study findings confirmed the
validity of EKC hypothesis in the country; however, the
hypothesis is confirmed only with controlling foreign direct
investment (FDI) and the trade size of Malaysia. Besides,
bidirectional causality runs between CO2 emissions and
economic growth have also been found.

Nevertheless, Ahmad et al. (2017) examined the validity
of EKC hypothesis in Croatia for 1992Q1 to 2011Q1 with
ARDL, VECM, and Granger causality econometric tech-
niques. The findings support the validity of EKC hypothesis
in Croatia. As well as, there is bidirectional causality runs
between CO2 emissions and economic growth in the
short-run. On the long-run, there is a unidirectional causality
runs from economic growth to CO2 emissions. The study
applies DOLS and FMOLS as robustness techniques for the
long-run relationship, and it indicated the same findings.

All the studies that investigate EKC hypothesis used CO2

emissions as the functional form of economic growth that
demonstrates a unidirectional causality runs from economic
growth to CO2 emissions and not vice versa (Coondoo &
Dinda, 2002). However, many of the empirical studies found
a bidirectional causality relationship runs between emissions
and growth, as well as a unidirectional causality runs from
CO2 emissions to economic growth (Acaravci & Ozturk,
2010; Acheampong, 2018; Ahmad et al., 2017; Al-mulali &
Sab, 2012; Chang, 2010; Coondoo & Dinda, 2002; Coondoo
& Dinda, 2006; Farhani et al., 2014; Ghosh, 2010; Govin-
daraju & Tang, 2013; Halicioglu, 2009; Lau et al., 2014; Pao
& Tsai, 2011; Pao et al., 2011; Saboori & Sulaiman, 2013;
Shahbaz et al., 2013; Tiwari et al., 2013; Omri et al., 2014;
Zakarya et al., 2015). Thus, the research will introduce an
extension to EKC hypothesis (hereafter Extended Environ-
mental Kuznets Curve—EEKC), in which economic growth
will be tested as a function of CO2 emissions, based on the
previous empirical results found in literature. As well as, the
research will be also test the validity of EKC hypothesis
(hereafter NEKC).

3 Methodology

The objective of the paper is to validate EKC hypothesis and
its extended version (EEKC) by examining the relationship
between economic growth and CO2 emissions. The research
gathers data set from World Bank and OECD databases for
the 15 countries in the low-income category from 1960 until

2018, which is the longest period used in assessing the paper
objective.

CT ¼ f YT ; Y
2
T ;KT

� � ð1Þ

where CT represents Carbon Dioxide (CO2) emissions, YT

CT ¼ a0 þ b1YT þ b2Y
2
T þ eT ð2Þ

where CT represents Carbon Dioxide (CO2) emissions, a0 is

Yt ¼ a3 þ b1Ct þ b2C
2
t þ et ð3Þ

where YT represents gross domestic production (GDP), a3 is
the equation constant intercept that represents a statistical
need and does not have an economic explanation. b4 and b5
are the two coefficients of the explanatory variables. Ct

represents Carbon Dioxide (CO2) emissions and C2
t repre-

sents Carbon Dioxide (CO2) emissions squared.
According to (Acaravci & Ozturk, 2010; Ahmad et al.,

2017; Akbostancı et al., 2009; Friedl & Getzner, 2003;
Wang et al., 2011), b1 is expected to have a positive sign,



Table 1 ARDL test results for three low-income countries

Due to space issues; The rest of the results are available upon request

which represents the direct relationship between emissions
and GDP, when the total production increases, CO2 emis-
sions should increase as well. While b2 is expected to have a
negative sign ðb2\0Þ, which confirms the presence of EKC
hypothesis. Which means the relationship between CO2

emissions and GDP is captured by an inverted U-shaped
curve, through which GDP growth threshold can be calcu-
lated, the income level at which CO2 emissions will decline.
If b1\0; b2 ¼ 0 or b1 [ 0; b2 ¼ 0, there will be linear
increasing or decreasing relationship based on the sign of b1.
If b1\0; b2 [ 0, the relationship will be U-shaped. If
b1 [ 0; b2\0, the relationship will be inverted U-shaped.
Besides, the threshold point of GDP will be calculated as

follows: YT ¼ � b1
2b2

(Ahmed et al., 2017; Akbostancı et al.,
2009; Apergis & Payne, 2009; Friedl & Getzner, 2003).
Data used are extracted from World Development Indicators
by World Bank Statistics annually from 1960 till 2016 using
ARDL econometric modeling.
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4 Results and Disscussion

According to Table 1, Burkina Faso ARDL test result shows
that when GDP changes by 1 unit, CO2 emissions increase
by 29.75 units and 7.279 units in present year and the first
one, respectively. Besides, when GDPG2 changes by 1 unit,
CO2 emissions decreases by 2.8476 units, which confirms
the presence of EKC hypothesis in Burkina Faso with 99%
R2. Nevertheless, in testing the suggested extension of EKC
hypothesis at which GDPG is a function of CO2 emissions,
the results show that when CO2 increases by 1 unit, GDPG
will increase by 0.00462. Also, CO2

2s emissions have a
negative coefficient of 1.15E−06, which proves that EEKC
hypothesis is also held in Burkina Faso.

EKC hypothesis is confirmed in Ethiopia due to the
negative and significant coefficients of GDPG squared with
2.111 value in year one with 10% significance. As for the

relationship between CO2 emissions and GDPG, the coeffi-
cient results of GDPG are as follows, 23.27963 at year zero
with 5% significance, −29.697 at year one with 5% signif-
icance, 26.1633 at year two with 10% significance and
−24.17158 at year three with 10% significance. Thus, the net
effect between emissions and growth is −4.42613, indicating
that when GDPG increases by 1 unit, CO2 emissions will on
average decrease by 4.42613 units. Identically, the EEKC is
also confirmed with the negative and significant net coeffi-
cient at CO2 emissions squared of 1.94E−07. Similarly, the
relationship between CO2 emissions and GDPG is changing
over time, as in year zero, the relationship is positive at
0.018538 with 1% significance, while at year one, the rela-
tionship becomes negative with 1% coefficient with 0.0260,
and in year two, the relationship turns to be positive once
more at 5% significant with 0.011853 coefficient values. The
net effect between CO2 emissions and GDPG is 0.004391,
when CO2 emissions change by 1 unit, GDPG will increase
by 0.004391.

Dependent CO2 CO2
2 GDPG GDPG2 R2 (%)

Burkina Faso CO2 (0.789)−1***
(0.2916)−2*

(29.75)**
(7.279)−1**

(−2.8476)** 99

GDPG (0.00462)*** (−1.15E−06)*** (−0.227)−1** 15.84

Burundi CO2 (1.009)−1*** (0.559) (−0.0529) 90.6

GDPG (−0.0362)* (5.54E−05) (−0.01487)−1 7.998

Chad CO2 (1.007132)*** (0.099641) (−0.017673) 96.257

GDPG (−0.058947)***
(0.082487)−1***

(5.56E−05)***
(−7.50E−05)−1***

(0.187887)*** 17.778

Regarding Gambia, the, ARDL results do not confirm the
presence of both normal and EEKC hypotheses in the
country. As for the EKC, GDPG coefficients are as follows,
when GDPG increases by 1 unit at year one, CO2 emissions
will increase by 2.47 units, as well as when GDPG increases
by 1 unit at year two, CO2 emissions will increase by
4.459596 units, both with 5% significant level. Besides,
GDPG squared term is a positive value of 0.112735 at the
fourth lag with 5% level of significance. As the result, the
shape of the relationship between CO2 emissions and GDPG
is linear increasing line instead of an inverted U-shaped
curve. For the extended version, when CO2 emissions
increase by 1 unit, GDPG will increase at year zero with 1%
level of significance. GDPG squared has a negative coeffi-
cient of 0.000229 at year zero, however, it turns to be pos-
itive at year one with coefficient value of 0.000241, and both
have 1% level of significance with a net effect of CO2 square
on growth at 0.000012 units.
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Furthermore, Guinea findings illustrate that when GDPG
increases by 1 unit, CO2 emissions decrease by 36.586 units
in year zero at 10% significance, continue to decrease in year
one with 174.46 coefficient at 1% significance, then start to
increase in year three with 53 units at 5% significance, and
85.2829 units in year four at 1% significance. Due to the
changing behavior of CO2 emissions in relationship with
GDPG, the study calculates the net effect coefficient between
two variables at −68.7428, in which, in the long-run, when
GDPG increases by 1 unit, CO2 emissions will decrease by
68.7428 units. As well, the net coefficient of GDPG squared
is 24.7, where GDPG squared changes by 1 unit, CO2

emissions will increase by 24.7 units. However, in the
extended hypothesis, when GDPG changes by 1 unit, CO2

emissions increase by 3.44E−06 units. And when GDPG
squared changes by 1 unit, CO2 emissions decrease by
0.092132 units. Thus, the relationship between CO2 emis-
sions and GDPG in the EEKC will be an inverted U-shaped
curve; as the coefficient of GDPG is positive while the
coefficient of GDPG squared is of negative sign.

Guinea Bissau, EKC hypothesis coefficients show that the
relationship between CO2 emissions and GDPG is negative,
in which, higher levels of GDPG will lead to lower levels of
emissions. Identically, net coefficient of GDPG squared is
also negative, in which, higher levels of GDPG squared will
lead to lower levels of emissions. Therefore, the regression
graph is downward sloping line with one intersection
between CO2 and GDPG. The research then will calculate
the point of intersection between two variables; in order to
identify where Guinea Bissau is from the dynamics between
two variables under study. While EEKC is not hold in
Guinea Bissau; due to the insignificance of CO2 and CO2

squared emissions.
Regarding Haiti NEKC hypothesis, the relationship

between CO2 emissions and GDPG is positive, when GDPG
increases by 1 unit, CO2 emissions increases by 19.88749 in
year zero at 1% significance, but, in year three emissions
decrease by 9.258 units at 10% significance. Consequently,
the net coefficient of GDPG is 10.6291, in which on the
long-run when GDPG increases by 1 unit, the emissions will
increase on average by 10.6291 units. GDPG squared shows
a negative relationship with CO2 emissions is year zero with
2.04846 coefficient at 1% significance and a positive one in
year one with 2.40639 coefficient at 5% significance. The net
coefficient of GDPG squared is 0.35793, in which on the
long-run when GDPG squared increases by 1 unit, the
emissions will increase on average by 0.35793 units.

EEKC hypothesis of Haiti shows variation in coefficients
of CO2 emissions over year zero, one, three, and four at 1%
level of significance, except for year three at 5% level of
significance. Thus, the net effect of CO2 emissions coeffi-
cient is −0.006128, when CO2 emissions increases by 1 unit,
GDPG will decrease by 0.006128. Also, the net coefficient

effect of CO2 emission squared is 0.00000652, when CO2

emissions squared increases by 1 unit, GDPG will increase
by 0.00000652. EEKC hypothesis will have U-curve shaped
graph, representing the relationship between examined
variables.

Madagascar findings illustrate that EKC hypothesis is
confirmed with the significance of both GDPG and GDPG
squared, besides the negative sign of the latter. When GDPG
increases by 1 unit, CO2 emissions increases by 19.87 units,
indicating the direct and positive relationship between two
variables. Moreover, GDPG squared has a negative coeffi-
cient of 2.606 at year zero that turns to be positive value of
2.4 in year one, and lastly turns to negative again with
coefficient 2.96711 in year two; thus, the net effect of GDPG
squared is −3.167394. Coefficients in Madagascar are all
significant at 99% level of confidence. On the other hand,
EEKC hypothesis findings demonstrate that it is not con-
firmed; due to the insignificance of CO2 emissions square.
Yet, CO2 emissions show 5% significance findings with
0.008097 and −0.007122 at year one; as the result, when
CO2 emissions increases by 1 unit, GDPG will increase by
0.000975 units on average.

Malawi findings show that EKC hypothesis do not hold
in the country; due to the insignificance of both GDPG and
GDPG squared, yet, extended hypothesis is confirmed. For
the extended hypothesis, when CO2 emissions increase by 1
unit, GDPG will decrease by 0.041569 as a net effect over
the long-run. But, the relationship between emissions and
growth is positive at year zero with 0.070142 coefficient
with 5% significance, however, it turns to be negative in the
following year with 0.111711 coefficient values at 1% level
of significance. As for GDPG squared, it has a net positive
coefficient of 0.0000255 over the long-run. However, on the
short-run, GDPG squared has a negative relationship with
0.0000306 coefficient value. Thus, on the short-run,
Malawi EEKC hypothesis graph will have the shape of
inverted—U-curve, while U-curve on the long-run.

Moving to Mali’s economy, the findings confirm the
presence of EKC hypothesis in the country. When GDPG
increases by 1 unit, CO2 emissions will increase by 5.9 units.
Besides, GDPG squared has negative and 1% significant
coefficient of 0.473492 value, indicating that Mali has the
typical inverted U-shaped curve. Yet, the EEKC is not
confirmed; due to the insignificance of both CO2 emissions
and CO2 emission squared.

Identically, Mozambique findings confirm the presence of
NEKC hypothesis with the 10% significance of both GDPG,
and GDPG squared. Accordingly, when GDPG increases by
1 unit, CO2 emissions increase by 56.60425 units, indicating
that slight increase in production in the country, emissions
will be more than doubled. Besides, when GDPG squared
increases by 1 unit, emissions will decrease by 2.050 units,
indicating the presence of normal inverted U- shaped curve



for EKC. Albeit, the findings do not confirm the presence of
the EEKC hypothesis in Mozambique; due to the insignifi-
cance of both CO2 and CO2 squared emissions.
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Comparatively, Sierra Leone findings show non-existence
of EKC hypothesis; due to the insignificance of GDPG
squared term. However, findings verify a positive and 1%
significant relationship between CO2 emissions and GDPG.
In which, GDPG increases by 1 unit, CO2 emissions will
increase by 5.6877 units. On the other hand, EEKC
hypothesis is confirmed in Sierra Leon, where net effect of
CO2 squared coefficient is −0.0000126. In which, CO2

emissions increases by 1 unit, GDPG wil1 increase by
0.0000376 at year zero and then decreases in the following
year by 0.0000502, both at 10% level of significance.

Moreover, Sudan findings support the non-existing EKC
hypothesis; due to the insignificance of GDPG coefficient.
However, GDPG squared show negative and significant
coefficient at 10%. The findings prove the presence of the
diminishing feature of CO2 with GDPG over years. Yet, the
EKC hypothesis still does not hold in Sudan. On the other
hand, the EEKC hypothesis is verified in Sudan. To
emphasize, when CO2 emissions increases by 1 unit, GDPG
will increases at year one with 0.004284 coefficient at 10%
significance, and with 0.004971in year three at 1% signifi-
cance. As well, CO2 squared has a negative coefficient of
2.36E−07 with 1% significance.

Togo findings support the non-existence of EKC
hypothesis; due to the insignificance of GDPG. Yet, GDPG
squared is negative and significant at 10%, indicating the
presence of diminishing feature of CO2 emissions; but the
insignificance of GDPG leads to inconclusive results about
the full shape of the curve. In addition to, the EEKC
hypothesis does not hold on the long-run in Togo. Since, on
the long-run, the net effect that CO2 and CO2 squared have is
−6.3E−05 and 8E−07, respectively, on GDPG. Therefore,
the relationship will be monotonic decreasing relation-
ship. To emphasis, when CO2 increases by 1 unit, GDPG
will increase by 0.020169 units in year one with 1% sig-
nificance, while will decrease by 0.020232 in year two with
1% level of significance. As well, CO2 squared has a neg-
ative coefficient of 3.97E−06 at 1% significance in year one
and positive coefficient of 4.77E−06 at year two with the
same level of significance.

On the other hand, in testing EKC hypothesis presence in
Chad the results does not confirm the presence of the
hypothesis reflected in the insignificant coefficients. As well
as, when testing the EEKC hypothesis, the results confirm
the presence of the hypothesis. When CO2 emissions change
by 1 unit, GDPG decreases by 0.0726 in year zero, 0.0666 in
year three and started to increase at year four with 0.0454. In
which, the net effect of emissions on growth is a degreasing

one with 0.0938 over years of analysis. The decreasing effect
indicates that higher emissions that resulted in lower eco-
nomic growth on the long-run. Nevertheless, emissions
squared term is negative with 7.37E−05 coefficient, which
confirms the presence of monotonic decreasing relationship,
summerized in Table 1.

In addition to, Congo Demp. Rep. results show that
neither EKC hypothesis nor the extended version is con-
firmed in the country. The two hypotheses cannot be con-
firmed due to the insignificance of GDPG squared and CO2

squared terms, in normal and extended versions, respec-
tively. However, in the NEKC hypothesis, the results show
that when GDPG increases by 1 unit, emissions increase by
0.752941 units in year zero and 0.434001 in year three.
Therefore, relationship between CO2 emissions and GDPG
is direct positive relationship with net effect of 1.18642 on
the long-run. As well as, in the extended version, results
show that when GDPG increases by 1 unit, emissions will
decrease by 0.0022 units in second year lag.

Equally, Somalia findings illustrate the non-existence of
both normal and EEKC hypothesis. However, only the
GDPG is the insignificant variable in the equation, and
GDPG squared has a net coefficient value of −0.2612 that
confirms the presence of the diminishing feature CO2

emissions in the long-run. But, the insignificance of GDPG
leads to inconclusive insights about the trend of the rela-
tionship before the threshold point. Furthermore, the EEKC
hypothesis is insignificant; due to the insignificance of both
CO2 and CO2 squared emissions.

Lastly, in Burundi, Central African Republic (CAR),
Niger, Rwanda, and Uganda both normal and EEKC
hypothesis are not verified; due to the insignificance of
GDPG in NEKC regression, as well CO2 squared in the
EEKC regression.

4.1 Stability Test

According to stability test results in Table 2, there are four
main categories of stability test results of low-income
countries. The first category is the countries where both
normal and EEKC hypotheses are stable over time. In which,
reliable policy recommendations and decisions can be made
based on the estimated coefficients of both normal and
EEKC; as they are stable over time. Countries that have
stable normal and EEKC hypotheses are Chad, Ethiopia,
Guinea, Guinea Bissau, Madagascar and Malawi.

Second, the following category contains countries where
both normal and EEKC hypotheses are unstable over time.
In which, accurate and effective decisions and recommen-
dations cannot be made based on the estimated coefficients



Table 2 Stability test results for four low-income countries
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of both normal and EEKC; as the estimated relationship are
not stable over time. Countries that have instable normal and
EEKC hypotheses are Gambia, the, Mali, Niger, Togo,
Uganda, represented in Table 2.
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Country CO2 f GDPg
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Due to space issues; the rest of the results are available upon request

Third, this category contains countries where only NEKC
hypotheses is stable over time and extended version is
unstable (Table 2). In which, only the estimates of NEKC
hypothesis can be used in decision making and policy rec-
ommendations and not extended version; as the normal one
is only of stable estimates over long-run. Countries that have
stable NEKC hypothesis and instable EEKC are Central
African Republic (CAR), Rwanda and Sierra Leone.

Lastly, according to Table 2, the fourth category contains
countries that have stable EEKC hypotheses. In which, only
the estimates of EEKC hypothesis can be used in decision
making and policy recommendations and not normal ver-
sion; because the extended one is only of stable estimates
over long-run. Countries that have stable EEKC hypothesis
and unstable NEKC are Burkina Faso, Burundi, Congo
Damp. Rep, Haiti, Mozambique, Somalia and Sudan.

5 Conclusion and Implications

Since CO2 emissions are of the largest percentage from both
energy consumption and greenhouse gases emissions;
therefore, the study investigated the existence of the EKC
hypothesis in low-income countries by examining the rela-
tionship between CO2 emissions and economic growth
proxy through GDP growth rates. According to EKC
hypothesis, a unidirectional causality should run from
GDPG to CO2 emissions, supporting the used functional
form used, which is CO2 emissions is a functional form of
GDPG. However, the exiting empirical finding in environ-
mental literature is supporting the presence of bidirectional
causality between CO2 emissions and GDPG rates (see
Table 1). Thus, the research will extend the EKC hypothesis
with an additional functional form, in which GDP is a
function of CO2 emissions. The examined extension will be
called extended environmental Kuznets curve (EEKC) and
the normal environmental Kuznets curve will be called



(EKC). Both EKC and EEKC will be examined in the
research through ARDL and stability econometric tech-
niques. In addition to, the sample size will be from 1960 till
2016, which is the longest examined sample in EKC strand
for Burkina Faso, Ethiopia, Madagascar, Malawi, Mozam-
bique, Guinea, Sierra Leon, Sudan, Chad, Malawi, Togo,
Guinea, Guinea Bissau, Haiti and Gambia.
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The first group of countries consists of Burkina Faso and
Ethiopia, where both EKC and EEKC hypotheses are con-
firmed. These countries have a positive long-run
co-integration relationship between CO2 and GDPG, where
the production in the country increases, emissions also
increase. According to EKC hypothesis, when GDPG
reaches maximum of 2.04% and 5.513% for Burkina Faso
and Ethiopia, respectively, emissions will start to decrease
and growth will continue increasing. In addition to, EEKC
hypothesis, GDPG will start to increase after the threshold of
CO2 emissions, which is 2008.696 and 9087.25 for Burkina
Faso and Ethiopia, respectively. However, these countries
should start to improve environmental laws and regulations
in the economy, in which environmental constraints should
be imposed on CO2 emissions. Alternatively, the economy
of these countries should be diversified and include service
sector as well as industrial one.

The second group of countries consists of Madagascar,
Malawi and Mozambique, where only EKC hypothesis is
confirmed. Only Madagascar has positive long-run
co-integration between emissions and economic growth.
According to NEKC hypothesis, when GDPG reaches the
maximum of 3.812%, emissions will start to decrease and
growth will continue increasing. But, close attention to
emissions level in the country, along with enhancing envi-
ronmental regulations should be given. On the other hand,
Mali and Mozambique have a positive relationship between
emissions and growth. According to Akinlo (2008), in such
case each country should revise its energy conservation
policies appropriately, with regard to its conditions.

The third group of countries consists of Guinea, Sierra
Leon, Sudan, Chad, Malawi and Togo, where EEKC
hypothesis is confirmed. It is only confirmed in the short-run
for Malawi and Togo. According to EEKC hypothesis, both
GDPG and emissions will increase till reaching the maxi-
mum point of emissions, then emissions will decrease and
growth will continue increasing. Nevertheless, these coun-
tries should start to improve environmental laws and regu-
lations in the economy, in which environmental constraints
should be imposed on CO2 emissions. Alternatively, the
economy of these countries should be diversified and include
the service sector as well as the industrial one.

The last category consists of Guinea, Guinea Bissau,
Haiti and Gambia, The, in which both EKC and EEKC are

rejected and the data show another type of relationship. To
start with, Guinea EKC and Haiti EEKC show a negative
relationship between CO2 and economic growth, where
higher emissions resulting in lower growth. Therefore,
higher production levels should be attained in both countries
with enhancing the environmental quality regulations. While
Guinea Bissau NEKC reveal a negative relationship between
CO2 emissions and GDPG, resulting in a monotonic
decreasing relationship. Thus, the higher the growth will
result in higher emissions and vice versa; so conservative
energy consumption policies should be applied. In addition
to, Haiti NEKC, and Gambia, the NEKC and EEKC shows a
monotonic increasing relationship; thus, countries should
apply restrict energy consumption regulations in favor for
environmental quality. Besides, according to Pao and Tsai
(2011), in order to reduce the negative effect of emissions on
growth, governments should apply dual strategy, in which,
investments in energy infrastructure increases, as well as,
increase conservation policies. Consequently, the energy
productivity will increase and energy wastes will sharply
decrease.
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