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Abstract
This paper investigates the relationship between greenhouse gas emissions, energy consumption, and output growth among
African OPEC countries (Libya, Nigeria, Angola, Algeria, Equatorial Guinea, and Gabon) using the panel autoregressive
distributed lag model (PARDL) estimated by means of mean group (MG) and pooled mean group (PMG) for the period
1970–2016. The paper estimated three panel models comprising the components of greenhouse gasses which includes nitrous
oxide, carbon dioxide (CO2), and methane and examined their relationship with economic growth and energy consumption. The
findings of the study showed evidence of a positive impact of economic growth on both CO2 and methane emissions in the long
run. Its impact on nitrous oxide emissions although positive was found to be statistically insignificant. Energy consumption was
also found to produce an insignificant positive impact on CO2, methane, and nitrous oxide emissions in the long run. In the short
run, economic growth exerts a significant positive effect on methane emissions; however, its effect on CO2 and nitrous oxide
emissions although positive was found to be statistically insignificant. Energy consumption produces an insignificant impact on
all components of greenhouse gasses in the short run. In addition, our empirical results showed the presence of a non-linear
relationship between methane emissions and economic growth, confirming the existence of the environmental Kuznets curve
(EKC) only in the case of methane emissions model.
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Introduction

Environmental degradation continues to be a serious chal-
lenge in Africa, particularly in oil-producing African coun-
tries. This largely due to the hazards associated with oil ex-
traction and refining activities. These activities entail the ex-
haustion of carbon which thus produces a negative effect on
the environment via greenhouse gasses emission. Arguments

in extant literature posit that the growth of economic activities
and energy consumption is associated with increasing green-
house gas emission, largely due to utilization of non-efficient
energy methods (see Saidi and Hammami, 2015; Muhammad
2019). An increase in greenhouse gasses emission portends
danger for the environment and humanity via its negative
implication on climate change.

Discussions about climate change in recent times are
being focused on human-induced factors that contribute
to climate change, this is even though both human and
natural factors contribute to climate change. The reason
for the focus on human-led factors is because they can
largely be avoidable (Schellnhuber et al. 2016; IPCC
2014). As noted by Stern (2006), the negative effect of
climate change on countries is not on equal footing, poor
nations, and individuals are likely to suffer the negative
consequences earlier and the most; hence, the need for
concerted efforts to mitigate the challenge of climate
change before it exacerbates further.
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Greenhouse gasses such as nitrous oxide (N2O), carbon
dioxide (CO2), and methane are regarded as important con-
tributors to climate change while at the same time seen as
products of economic activities that drive economic
growth and development (Mladenović et al. 2016). If ef-
forts to combat climate change are inadequate, climate
change has the tendency of negatively impacting develop-
ment strides and economic growth efforts of countries.
Despite the effect of climate change is global, oil-
producing African countries are expected to be gravely
affected by it. This is predicated upon the fact that crude
oil exploration techniques which lead to oil spillage and
environmental degradation are largely adopted; further, the
high volume of gas flaring and ineffective implementation
of environmental laws contributes to further environmental
degradation. On the economic effect of climate change,
Amjath-Babu et al. (2016) noted that climate change has
the tendency to contribute towards the deterioration of both
human and social development potentials.

Extant literature on economic activity and environmen-
tal nexus indicates the existence of two opposing schools
of thought which can be termed the optimistic and pessi-
mistic schools (Alagidede et al. 2015). The pessimistic
school is of the view that ensuring the sustainability of
the environment requires the need to suspend economic
growth; this is because to attain economic growth, energy,
and raw materials are sourced from the environment, and
also, economic waste is dumped back to the environment.
Contrary to this view, the optimistic school noted that the
fears alluded to by the pessimistic school can be mitigated
via technological change and application of techniques that
limit the harmful effects on the environment such as green
technologies. As a result, both environmental sustainability
and economic advancement can be achieved simultaneous-
ly (Alagidede et al. 2015).

Unlike existing studies such as Apergis and Payne 2009;
Apergis and Payne 2010; Narayan and Narayan 2010;
Richmond and Kaufmann 2006; Lean and Smyth 2010
which relied on the use of a single measure of greenhouse
gas emission (carbon dioxide), this study extend on
existing literature by incorporating other components of
greenhouse gas emission namely methane (NH4) and ni-
trous oxide (N2O). In addition, the study examined wheth-
er the EKC holds for all components of greenhouse gasses
by extending it to methane and nitrous oxide emissions;
this is an extension to existing studies that relied on CO2
emissions alone to verify the hypothesis. On the methodo-
logical front, the study employed the mean group (MG)
and pooled mean group (PMG) being components of panel
ARDL which deals with non-stationary of series in a het-
erogeneous panel and account for endogeneity in examin-
ing both long-run and short-run relationship between study
variables.

Literature review

Theoretical consideration

Because human activities result in environmental degradation
through the emission of greenhouse gases, pollution has be-
come a key concept in the paradigm of economic develop-
ment. In explaining this nexus, the environmental Kuznets
curve (EKC) gave an overwhelming insight into the dynamics
of interaction between economic growth and environmental
pollution. The EKC is credited to Simon Kuznets and later
formalized by Grossman and Krueger (1991). The EKC curve
shows that human activities that bring about economic growth
lead to environmental degradation due to the use of energy
inefficient methods in the early stages of productivity. This is
relationship is indicated in Fig. 1.

However, it is assumed that the economy advances towards
industrialization; there is a tendency for the economy to adopt
more energy-efficient methods which bring about a reduction
in energy emission. Also, with industrialization, there tends to
be a structural transformation where the economymoves from
the traditional Agrarian sector to the urbane services sector. At
this stage, the services sector is the driver of economic growth.

Survey of empirical literature

The extant empirical literature on the nexus between energy
consumption, economic growth, and greenhouse gas emission
produced mixed results. For instance, studies such as Arouri
et al. (2012), Salahuddin and Gow (2014), Masih and Masih
(1998), Pao and Tsai (2010), Saidi and Hammami (2015), and
Apergis and Payne (2010) found evidence that suggests ener-
gy consumption have produced positive effect on carbon
emissions, lending credence to the argument that energy con-
sumption leads to environmental degradation. This finding is
not in tandem with studies such as Acheampong (2018) who
found energy consumption as having a negative effect on car-
bon emissions.

On the relationship between economic activity using GDP
as a proxy and carbon emission, Balıbey (2015), Zaman and
Moemen (2017), Chaabouni and Saidi (2017), Saidi and
Hammami (2015), and Muhammad (2019) all found GDP as
having positive effect carbon emission. As the economy
grows, carbon emissions also increase. On the other hand,
Kasman and Duman (2015) found GDP as having a depress-
ing effect on carbon emissions. Interestingly, studies such as
Salahuddin and Gow (2014), Acheampong (2018), Soytas
et al. (2007), and Gorus and Aydin (2019) present evidence
that shows GDP as having no significant effect on carbon
emissions.

In terms of causality, Jahangir Alam et al. (2012) and
Halicioglu (2009) found evidence of short run causality run-
ning from energy consumption to carbon emissions. Also, the
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presence of long run causality running in the same direction
was found by studies such as Zhang and Chang (2009), Soytas
et al. (2007), Menyah andWolde-Rufael (2010), Omri (2012),
and Ssali et al. (2019). In the same vein, studies such as Mirza
and Kanwal (2017) and Al-Mulali and Sab (2018) found bi-
directional causality between energy consumption and carbon
emissions. On causality between GDP and carbon emissions,
studies such as Lean and Smyth (2010), Omri (2012), and Al-
Mulali and Sab (2018) found evidence of bidirectional causal-
ity between GDP and carbon emissions. On the other hand,
Soytas et al. (2007) found no evidence of causality between
the variables.

Empirical literature that sought to examine the environ-
mental Kuznets curve (EKC) also produced mixed results.
Studies such as Narayan and Narayan (2010), Apergis and
Payne (2010), Apergis and Ozturk (2015), Balıbey (2015),
and Zaman et al. (2016) found the existence of a non-linear
relationship between economic growth and carbon emissions,
lending credence to the presence of the EKC. However,
studies as Abid (2016) did not find evidence that supports
the existence of the EKC hypothesis.

Studies that examined the EKC in the context of Africa are
also without consensus. For instance, Sulemana et al. (2016)
found evidence to support the existence of EKC in African
countries. Similarly, Osabuohien et al. (2013) investigated the
EKC in a panel of oil-producing and non-oil producing
African countries. The findings of their study confirmed the
EKC for oil-producing countries; however, no evidence was
found for non-oil producing countries. Further, Aiyetan and
Olomola (2017) examined the presence or otherwise of the
EKC in Nigeria which happens to be an oil-producing coun-
try. The result of the study found the presence of an inverted
U-shaped relationship between environmental degradation
and economic activities, hence confirming the presence of
the EKC.

On the other hand, Effiong and Oisaozoje (2016) examine
the presence of EKC in a panel of 49 African economies. The
result of the study did not find evidence to support the

presence of EKC in African economies. In addition,
Orubu and Omotor (2011) investigated the EKC in
Africa. Although findings of their study indicated the pres-
ence of an inverted U-shaped relationship thereby
confirming the EKC in the case of suspended particle mat-
ter, evidence of EKC was not found in the context of water
pollutants. Similarly, Ogundipe et al. (2014) examined the
EKC for African economies by building models for 53
African countries and also disaggregate models for low
income, lower and upper-middle-income African coun-
tries. The result of the study indicated the absence of
EKC for the full model of African countries, low income
and upper-middle countries; however, evidence of EKC
was found for the lower-middle-income countries.
Further, Yaduma et al. (2015) investigated the EKC and
found no evidence to support the existence of the EKC
for African countries. Finally, Adu and Denkyirah (2019)
tested the EKC in the context of West African countries
and found out that the relationship between economic ac-
tivities and environmental degradation cannot be explained
by an inverted U-shaped curve, hence signifying the ab-
sence of the EKC.

Methodology

The data

For this study, panel data on the study variables sourced from
the World Bank’s World Development Indicator (WDI) data-
base covering the period ranging from 1970 to 2016 was
employed.

Existing empirical studies largely rely on the use of CO2 as
the measure of greenhouse gas emissions. However, this study
extends the literature by incorporating more measures of
greenhouse gas emissions which include nitrous oxide and
methane. The variables included in the study are presented
in Table 1.

Fig. 1 Environmental Kuznets
curve. Source: Panayotou (2003)
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Model specification and description

This paper extends on the empirical model specification of
Apergis and Payne (2009); Apergis and Payne (2010) by tak-
ing into consideration other alternative measures of GHG
emissions. Similar to Hamit-Haggar (2012). The empirical
model of this study is specified as:

GHGit ¼ βi þ β1ECONi;t þ β2GDPi;t þ β3GDPSQi;t þ εit ð1Þ

where i=1,2,……..,N and t=1,2,…….,T
Where GHGit represents greenhouse gases and is disag-

gregated into carbon dioxide (CO2), nitrous oxide (N2O),
and methane (NH4); ECONit denotes energy consumption.
GDPit denotes gross domestic product which is used as a
measure of economic activity, and GDPSQit denotes gross
domestic product squared which was included to confirm
the existence of the EKC, i.e., the presence or otherwise of
a turning point in the emission and economic growth
relationship.

Estimation techniques

The inclusion of the lagged dependent variable as one of the
explanatory variables makes the model dynamic, and this may
result in endogeneity bias, the estimation technique adopted
by this study, the panel autoregressive and distributed lag
(PARDL) model account for the endogeneity problem. In ad-
dition, since the panel is long (with long-time dimension and
short cross-sectional components), stationarity and homoge-
neity of the variables are not certain. Thus, in line with Pesaran
et al. (1999); Pesaran and Smith (1995), the study carried out
the unit root tests of Rao et al. (2010). This test is constructed
as a residual-based Lagrange multiplier test and was applied
by this study due to the nature of our panel which is unbal-
anced; other panel unit root tests such as Levin et al. (2002);
Choi (2001); Pesaran (2006) among others all require the pan-
el to be balanced. Having identified our variables to be of
mixed order of integration (I(0) and I(1)), we adopted the
panel ARDL proposed by Pesaran et al. (1999), see

Abubakar and Shehu (2015). The panel ARDL specification
of our model is given as:

ghgit ¼ ∑
p

m¼1
ϕimghgi;t−m þ ∑

q

n¼0
λinECONi;t−n þ ∑

q

n¼0
δinGDPi;t−n

þ ∑
q

n¼0
ψingdpsqi;t−n þ μi þ εit

ð2Þ

whereλin, δin,and ψinare 1 ×Kvector of coefficients of the re-
gressors, ϕimare scalars of the coefficient of lagged dependent
variable. Equation 2 is reparametrized to account for both the
short run dynamics and adjusting coefficients, the specifica-
tion is as follows:

Δghgit ¼ α1ighgi;t−1 þ α2iECONi;t−1 þ α3iGDPi;t−1 þ α4igdpsqi;t−1 þ

þ ∑
p−1

m¼1
ϕimΔghgi;t−m þ ∑

q−1

n¼0
λinΔECONi;t−n þ ∑

q−1

n¼0
δinΔGDPi;t−n

þ ∑
q−1

n¼0
ψinΔgdpdqi;t−n þ μi þ εit

ð3Þ

The error correction form is given as;

Δghgit ¼ α1iυi;t−1 þ ∑
p−1

m¼1
ϕimΔghgi;t−m þ ∑

q−1

n¼0
λinΔECONi;t−n

þ ∑
q−1

n¼0
δinΔGDPi;t−n þ ∑

q−1

n¼0
ψinΔgdpsqi;t−n þ μi þ εit

ð4Þ

where υi, t − 1 = ghgi, t − 1 − ρ1iECONi, t − 1 − ρ2iGDPi, t − 1

− ρ3igdpsqi, t − 1and long-run coefficients are given as;

ρ1i ¼ −
α2i

α1i
; ρ2i ¼ −

α3i

α1i
; ρ3i ¼ −

α4i

α1i

Findings and discussion

Unit root test result

The study determines the order of integration of the variables
by employing the Rao et al. (2010) unit root test with the null
hypothesis of series being stationarity. The result is presented
in Table 2.

Table 1 Data used
Representation Variables Unit of measurement

ECON Energy consumption Energy use (kg of oil equivalent per capita)

CO2 Carbon dioxide emission CO2 emissions (metric tons per capita)

N2O Nitrous oxide emission Nitrous oxide emissions (thousand metric
tons of CO2 equivalent)

GDP Gross domestic product per capita GDP per capita (constant 2010 US$)

GDPSQ Squared GDP per capita GDP per capita squared

METH Methane emission Methane emissions (kt of CO2 equivalent)

Sources: World Bank, World Development Indicators. All the variables with the exception methane were con-
verted to their log form
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From the panel, unit root test result presented in Table 2,
the null hypothesis of non-stationarity of series is rejected if
the computed Hadri statistic is greater than the critical values.
The findings of the study show that only energy consumption
is stationary at level (I(0)), however, the other variables are
integrated of order one (I(1)), meaning they became stationary
after taking their first difference. Since variables are integrated
of mixed order, the suitable tool of analysis to apply is the
panel ARDL model.

Panel cointegration test

In an effort to further check for possible cointegration among
the variables, the Pedroni panel cointegration test was
employed. The three models were subjected to the
cointegration, and estimates are presented in Table 3. The
estimates also indicate a cointegrating relationship as indicat-
ed by the statistical values in Table 3. This is because all the
test estimates with the exception of panel t for Co2 and nitrous
oxide are significant at least at 10% level of significance.

Hausman test result

The study estimates the models with both the mean group
(MG) and pool mean group (PMG) estimators and then sub-
jects them to Hausman test. The Hausman test specifies the

null hypothesis of efficient PMG estimators against the alter-
native hypothesis of a consistent MG estimator. The findings
of the Hausman test are presented in Table 4.

Table 4 presents the Hausman test result, the test is used to
choose between MG and PMG. From the test result, the value
of the chi2 statistic (4.08) and a corresponding probability
value of 0.25 clearly indicates that we do not reject the null
hypothesis against the alternative. This signifies the prefer-
ence of the PMG estimator ahead of the MG estimator, as a
result, the focus of the study is on estimates obtained from the
PMG estimator. Our discussion of findings will be on these
estimates. Also, the Hausman test was estimated in order to
choose between the PMG estimator and DFE estimator, the
result obtained indicated the choice of PMG over DFE.
Although the result presented in Table 4 is that of the Co2
model, the Hausman test was estimated for the methane and
nitrous oxide models and the results1 follows that of Co2
model presented above.

Panel ARDL estimation results

Following findings obtained from the Hausman test, the study
presents estimates of both the MG and PMG estimators to aid
comparison; however, inferences are based on estimates ob-
tained from the PMG estimator. Short-run and long-run esti-
mates of the three models constituting the components of
GHG emissions are presented.

Panel ARDL estimation result of carbon dioxide model

Under this model, carbon dioxide is the dependent variable,
the impact of energy consumption and economic activity on it
was estimated. The result is presented in Table 5.

Table 5 presents the result of the panel ARDL estimated
model. In the long run, PMG estimates of the coefficient of
GDP was found to have a significant positive effect on carbon
dioxide emissions, showing that an increase in economic ac-
tivity is associated with rising carbon dioxide emission. This
finding is consistent with the result of studies such as Apergis
and Payne (2009); Bhattacharyya and Ghoshal (2010);
Richmond and Kaufmann (2006). Energy consumption was
found to exert an insignificant positive effect on carbon diox-
ide emissions; this is premised on the positive signed coeffi-
cient of the variable. The squared GDP included to examine
the EKC has a negative coefficient as theoretically expected,
but its statistical insignificance shows we cannot confidently
say the EKC-type relationship exists in the case of the selected
countries. We could thus infer that in the long run, there is no
enough evidence to support the EKC hypothesis in the case of
carbon dioxide emissions and that the significant driving force
of higher carbon emissions is increase in economic activities.

Table 3 Panel cointegration test

Test statistics Panel Group

Co2 Methane Nitrous Co2 Methane Nitrous

v − 1.078 1.024 − 1.135 – – –

Rho 1.466 − 6.41 1.064 2.812 − 3.954 1.963

t 1.599 − 8.708 0.6485 2.671 − 8.095 0.3466

adf 2.697 − 9.165 2.686 2.748 – 1.482

All test statistics are distributed N (0,1), under a null of no cointegration,
and diverge to negative infinity (save for panel v) 1 The results can be provided by the authors upon request.

Table 2 Unit Root Test Result

Null hypothesis: no unit root
with common unit root process

Variables Hadri test statistic

Energy consumption 48.1***a

CO2 21.87***b

N2O 50.39***b

GDP − 0.8281***b

GDPSQ 13.7047***b

Methane − 1.4453***b

a, b Stationarity at level and at first difference respectively

***, **, *Statistical significance at 1%, 5%, and 10% respectively
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Estimates from the short-run error correction model show
both GDP and energy consumption as producing an insignif-
icant positive effect on carbon emission. The coefficient of
squared GDP was also found to be positive and statistically
insignificant, further confirming the lack of evidence to sup-
port the EKC hypothesis. The error correction term (ECT)
which captures the speed of adjustment has the coefficient of
− 0.299, this shows that about 30% reversion towards long run
equilibrium is completed in a year following a shock to the
economy.

Panel ARDL result of methane model

As highlighted in the introduction section, one of the signifi-
cant contributions of this study is the extension of the envi-
ronmental degradation-economic variables nexus to incorpo-
rate other elements of GHG, i.e., methane and N2O gas emis-
sions. The results from the estimated panel ARDL methane
model are presented in Table 6.

Table 6 presents the result of the estimated methane model.
PMG long run estimates show the coefficient of GDP as hav-
ing a significant positive effect on methane emissions. This
indicates that the higher the economic activity, the higher the
methane emission and by extension environmental degrada-
tion. This finding is like inferences from the carbon dioxide
model. The coefficient of energy consumption, though posi-
tive, was found to be statistically insignificant, indicating that
energy consumption produces an insignificant positive impact
on methane emissions. This finding is like that of the carbon
dioxide model. The coefficient of GDP squared was found to
be negative and statistically significant, conforming to theo-
retical expectations of the EKC. This indicates that a turning
point exists in the GDP-methane emission relationship, signi-
fying the existence of an inverted U-shaped relationship as
postulated by the EKC. We could thus say that using methane

Table 5 Panel ARDL estimates of carbon dioxide model (1, 0, 0, 0)
(Selection of optimal lag length is based on the Bayesian Information
Criterion (BIC))

(LR) (SR)
Variables PMG PMG

ECT − 0.299**
(0.116)

D (energy consumption) 0.00966

(0.0122)

D (gross domestic product) 0.000506

(0.00430)

D (gross domestic product squared) 5.02e–05

(6.36e–05)

Trend 0.00258

(0.0197)

Energy consumption 0.00931

(0.0138)

Gross domestic product 0.0116**

(0.00528)

Gross domestic product squared − 6.92e–05
(0.000247)

Constant 0.482

(0.918)

Source: Authors’ computation
***, **, * Statistical significance at 1%, 5%, and 10% respectively.
Standard errors are in parenthesis

Table 4 Hausman test result

Variables Coefficients Standard errors

(b) Mean group
(MG)

(B) Pooled mean
group (PMG)

ECON − 0.207 0.009 0.207

GDP − 0.159 0.012 0.276

GDPSQ 0.014 − 0.0001 0.013

Chi2 4.08

Prob chi2 0.253

b Consistent under Ho and Ha; B Inconsistent under Ha, efficient under
Ho

Table 6 Panel ARDL estimates of methanemodel (1, 0, 0, 0) (Selection
of the optimal lag length is based on the Bayesian Information Criterion
(BIC))

(LR) (SR)
Variables PMG PMG

ECT − 0.583***
(0.205)

D (energy consumption) 1.359

(0.951)

D (gross dom. product) 0.538**

(0.267)

D (gross domestic product squared) − 0.0166
(0.0113)

Trend − 0.283**
(0.134)

Energy consumption 0.0467

(0.252)

Gross domestic product 0.502**

(0.205)

Gross domestic product squared − 0.0183*
(0.0106)

Constant 8.846**

(3.852)

Standard errors in parentheses

***p < 0.01, **p < 0.05, *p < 0.1
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as a measure of environmental degradation, there exist evi-
dence to support the EKC hypothesis in the long run.

Estimates of the error correction model show that in the
short run, GDP produces a significant positive effect on meth-
ane emissions, like findings of the long run model. Similarly,
energy consumption, just like in the long run was found to
have an insignificant positive impact on methane emissions.
The coefficient of squared GDP though negatively signed was
found to be statistically insignificant, signifying that there is
no evidence to support the EKC hypothesis in the short run.
The error correction term has a statistically significant coeffi-
cient of − 0.583, indicating that about 58% correction towards
long run equilibrium is corrected in a year following a shock
to the economy.

Panel ARDL result of nitrous oxide model

The other alternative employed was using nitrous oxide emis-
sion as a proxy for environmental degradation. The result of
the estimated nitrous oxide model is presented in Table 7.

Table 7 presents the result of the estimated nitrous oxide
model. From the result, PMG long run estimates showGDP as
having an insignificant positive effect on nitrous oxide emis-
sions. This finding is not like the results of the carbon dioxide
and methane model where GDP had a significant effect. The

implication of this finding is that an increase in economic
activity does not significantly increase nitrous oxide emis-
sions. In the same vein, energy consumption was found to
have an insignificant positive impact on nitrous oxide emis-
sions. GDP-squared coefficient was found to be negative and
significant in line with theoretical expectations; however,
since the coefficient of GDP was found to be insignificant,
there is no enough evidence that supports the EKC hypothesis
in the case of nitrous oxide in the long run.

In the short run, GDP was also found to exert an insignif-
icant positive effect on nitrous oxide emission while energy
consumption produced an insignificant negative effect on ni-
trous oxide emissions. The coefficient of GDP squared was
found to be negative but insignificant also showing that there
is no evidence to support the EKC hypothesis. The error cor-
rection term coefficient of − 0.43 showed that about 43% cor-
rection towards long run equilibrium is completed in a year
following shocks to the economy. The significant positive
relationship between these greenhouse gases and economic
growth can be attributed to the high rate of economic activities
which predominantly involves production using fossil fuels.

Concluding remarks and policy implications

This study investigated the impact of economic growth and
energy consumption on greenhouse gases for OPEC African
member countries. The focus on these countries is premised
upon the high level of emission of greenhouse gases in them
partly since the economies are largely oil-based, with oil ex-
portation taking the largest share of their export components.
The study employed various measures of greenhouse gases
(that is, CO2, ,methane and nitrous oxide) departing frommost
studies that relied on the use of CO2 alone. This provides a
wider lens of examining the relationship between economic
growth, energy consumption, and environmental degradation.

The findings of the study showed that economic growth
which signifies an increase in economic activity impacts neg-
atively on the environment via an increase in carbon emis-
sions. This can be attributed to the fact that the economies in
question are oil-based, and production of goods and services
are powered via the use of methods that utilizes fossil fuel.
Also, gas flaring and other methods of oil extraction contrib-
ute to this outcome. The study only found evidence in support
of the environmental Kuznets curve hypothesis in the case of
methane emissions, no evidence was found in the case of the
carbon dioxide and nitrous oxide models. This is an indication
that indeed economic activities to a large extent negatively
affect the environments, with little evidence of abatement.

From the policy front, this study underscores the need for
oil-producing African countries to take positive steps aimed at
gradually diversifying their energy sources by investing more
in cleaner sources of energy such as biofuel, solar power, and

Table 7 Panel ARDL estimates of nitrous oxide model (1, 0, 0, 0) (The
selection of optimal lag length is based onBayesian Information Criterion
(BIC))

(LR) (SR)
Variables PMG PMG

ECT − 0.431***
(0.166)

D (energy consumption) − 0.00541
(0.0139)

D (gross domestic product) 0.0388

(0.0256)

D (gross domestic product squared) − 0.00199
(0.00159)

Trend − 0.0235
(0.0508)

Energy consumption 0.0198

(0.0612)

Gross domestic product 0.0383

(0.0288)

Gross domestic product squared − 0.00403*
(0.00243)

Constant 5.031

(3.651)

Standard errors in parentheses

***p < 0.01, **p < 0.05, *p < 0.1
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wind energy among others. If implemented, it will go a long
way in reducing the amount of fossil fuel utilized for econom-
ic activities, thereby reducing greenhouse gas emissions. Also,
there is a need for massive investment in abatement technol-
ogies aimed at reversing or at least mitigating the negative
effect of economic activities on the environment. The long-
term implication of this will be the simultaneous realization of
economic growth and environmental sustainability, and by
extension reversing the ugly trend of climate change.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

AbidM (2016) Impact of economic, financial, and institutional factors on
CO 2 emissions: evidence from Sub-Saharan Africa economies. Util
Policy 41:85–94. https://doi.org/10.1016/j.jup.2016.06.009

Abubakar AB, Shehu KK (2015) An Appraisal of The Impact of
International Trade on Economic Growth of India: An ARDL
Approach. Annamalai Journal of Management, Special Issue April
2015

Acheampong AO (2018) Economic growth, CO2 emissions and energy
consumption: What causes what and where? Energy Econ 74:677–
692

Adu DT, Denkyirah EK (2019) Economic growth and environmental
pollution in West Africa: Testing the Environmental Kuznets
Curve hypothesis. Kasetsart Journal of Social Sciences 40(2):281–
288

Aiyetan IR, Olomola PA (2017) Environmental degradation, energy con-
sumption, population growth and economic growth: Does
Environmental Kuznets curve matter for Nigeria? Econ Policy Rev
16(2)

Alagidede P, Adu G, Frimpong PB (2015) The effect of climate change
on economic growth : evidence from sub-Saharan Africa. Environ
Econ Policy Stud 18:417–436. https://doi.org/10.1007/s10018-015-
0116-3

Al-Mulali U, Sab CNBC (2018) Electricity consumption, Co2 emissions,
carbon dioxide emissions, and economic development in the Middle
East. Energy Sources Econ Plan Policy 13(5):257–263

Amjath-Babu TS, Krupnik TJ, Aravindakshan S, Arshad M, Kaechele H
(2016) Climate change and indicators of probable shifts in the con-
sumption portfolios of dryland farmers in sub-Saharan Africa: im-
plications for policy. Ecol Indic 67:830–838. https://doi.org/10.
1016/j.ecolind.2016.03.030

Apergis N, Ozturk I (2015) Testing environmental Kuznets curve hypoth-
esis in Asian countries. Ecol Indic 52:16–22. https://doi.org/10.
1016/j.ecolind.2014.11.026

Apergis N, Payne JE (2009) CO2 emissions, energy usage, and output in
Central America. Energy Policy 37(8):3282–3286. https://doi.org/
10.1016/j.enpol.2009.03.048

Apergis N, Payne JE (2010) The emissions, energy consumption, and
growth nexus: evidence from the commonwealth of independent
states. Energy Policy 38(1):650–655. https://doi.org/10.1016/j.
enpol.2009.08.029

Arouri MEH, Youssef AB, Mhenni H, Rault C (2012) Energy consump-
tion, economic growth and Co2 emissions in Middle East and North
African countries. Energy Policy 45:342–349

Balıbey M (2015) Relationships among CO2 emissions, economic
growth and foreign direct investment and the environmental
Kuznets curve hypothesis in Turkey. Int J Energy Econ Policy
5(4):1042–1049

Bhattacharyya R, Ghoshal T (2010) Economic growth and CO2 emis-
sions. Environ Dev Sustain 12:159–177. https://doi.org/10.1007/
s10668-009-9187-2

Chaabouni S, Saidi K (2017) The dynamic links between carbon dioxide
(CO2) emissions, health spending and GDP growth: A case study
for 51 countries. Environ Res 158:137–144

Choi I (2001) Unit root tests for panel data. J Int Money Financ 20(2):
249–272. https://doi.org/10.1016/S0261-5606(00)00048-6

Effiong E, Oisaozoje A (2016) Let the Data Speak: Revisiting the
Environmental Kuznets Curve in Africa. MPRA Paper 73163,
University Library of Munich, Germany

Gorus MS, Aydin M (2019) The relationship between energy consump-
tion, economic growth, and Co2 emissions in MENA countries:
causality analysis in the frequency domain. Energy 168:815–822

Grossman, G.M., Krueger, A.B. (1991). Environmental impacts of a
north american free trade agreement no. w3914, National Bureau
of economic research

Halicioglu F (2009) An econometric study of CO2 emissions, energy
consumption, income and foreign trade in Turkey. Energy Policy
37(3):1156–1164. https://doi.org/10.1016/j.enpol.2008.11.012

Hamit-Haggar M (2012) Greenhouse gas emissions, energy consumption
and economic growth: A panel cointegration analysis from
Canadian industrial sector perspective. Energy Econ 34(1):358–364

IPCC (2014) In: Field CB, Barros VR, Dokken DJ, Mach KJ,
Mastrandrea MD, Bilir TE, Chatterjee M, Ebi KL, Estrada YO,
Genova RC, Girma B, Kissel ES, Levy AN, MacCracken S,
White LL (eds) Climate Change 2014: impacts, adaptation, and
vulnerability. Part A: global and sectoral aspects. Contribution of
working group II to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge

Jahangir Alam M, Ara Begum I, Buysse J, Van Huylenbroeck G (2012)
Energy consumption, carbon emissions and economic growth nexus
in Bangladesh: cointegration and dynamic casualty analysis. Energy
Policy 45:217–225

Kasman A, Duman YS (2015) CO2 emissions, economic growth, energy
consumption, trade and urbanization in new EU member and can-
didate countries: a panel data analysis. Econ Model 44:97–103

Lean HH, Smyth R (2010) CO2 emissions, electricity consumption and
output in ASEAN. Appl Energy 87(6):1858–1864

Levin A, Lin CF, Chu CSJ (2002) Unit root tests in panel data: asymptotic
and finite-sample properties. J Econ 108(1):1–24. https://doi.org/10.
1016/S0304-4076(01)00098-7

Masih AM, Masih RA (1998) A multivariate cointegrated modelling
approach in testing temporal causality between energy consumption,
real income and prices with an application to two Asian LDCs. Appl
Econ 30(10):1287–1298

Menyah K, Wolde-Rufael Y (2010) Energy consumption, pollutant emis-
sions and economic growth in South Africa. Energy Econ 36(6):
1374–1382

Environ Sci Pollut Res (2020) 27:15815–1582315822

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jup.2016.06.009
https://doi.org/10.1007/s10018-015-0116-3
https://doi.org/10.1007/s10018-015-0116-3
https://doi.org/10.1016/j.ecolind.2016.03.030
https://doi.org/10.1016/j.ecolind.2016.03.030
https://doi.org/10.1016/j.ecolind.2014.11.026
https://doi.org/10.1016/j.ecolind.2014.11.026
https://doi.org/10.1016/j.enpol.2009.03.048
https://doi.org/10.1016/j.enpol.2009.03.048
https://doi.org/10.1016/j.enpol.2009.08.029
https://doi.org/10.1016/j.enpol.2009.08.029
https://doi.org/10.1007/s10668-009-9187-2
https://doi.org/10.1007/s10668-009-9187-2
https://doi.org/10.1016/S0261-5606(00)00048-6
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0304-4076(01)00098-7
https://doi.org/10.1016/S0304-4076(01)00098-7


Mirza FM, Kanwal A (2017) Energy consumption, carbon emission and
economic growth in Pakistan: dynamic causality analysis. Renew
Sustain Energy Rev 63:166–171

Mladenović I, Sokolov-Mladenović S, Milovančević M, Marković D,
Simeunović N (2016) Management and estimation of thermal com-
fort, carbon dioxide emission and economic growth by support vec-
tor machine. Renew Sust Energ Rev 64:466–476. https://doi.org/10.
1016/j.rser.2016.06.034

Muhammad B (2019) Energy consumption, CO2 emissions and econom-
ic growth in developed, emerging and Middle East and North
African countries. Energy 179:232–245

Narayan PK, Narayan S (2010) Carbon dioxide emissions and economic
growth: panel data evidence from developing countries. Energy
Policy 38(1):661–666. https://doi.org/10.1016/j.enpol.2009.09.005

Ogundipe A, Alege P, Ogundipe O (2014) Income Heterogeneity and
Environmental Kuznets Curve in Africa. MPRA Paper No. 55822

Omri A (2012) CO2 emissions, energy consumption and economic
growth nexus in MENA countries: evidence from simultaneous
equation models. Energy Econ 29(6):1192–1205

Orubu CO, Omotor DG (2011) Environmental Quality and Economic
Growth: Searching for Environmental Kuznets Curves for Air and
Water Pollutants in Africa. Energy Policy 39(7):4178–4188

Osabuohien ES, Efobi UR, Gitau CMW (2013) Beyond the
Environmental Kuznets Curve in Africa: Evidence from Panel
Cointegration. J Environ Policy Plan 16(4):517–538

Panayotou T (2003) Economic growth and the environment. Paper pre-
pared for and presented at the Spring Seminar of the United Nations
Economic Commission for Europe, Geneva, March 3, 2003

Pao HT, Tsai CM (2010) Co2 emission, energy consumption and eco-
nomic growth in BRIC countries. Energy Policy 38(12):3565–3574

Pesaran MH (2006) Estimation and inference in large heterogeneous
panels with multifactor error structure. Econometrica 74:967–1012

Pesaran MH, Smith R (1995) Estimating long-run relationships from
dynamic heterogeneous panels. J Econ 68. https://doi.org/10.1016/
0304-4076(94)01644-F

Pesaran MH, Shin Y, Smith RP (1999) Pooled mean group estimation of
dynamic heterogeneous panels. J Am Stat Assoc 94(446):621–634.
https://doi.org/10.1080/01621459.1999.10474156

Rao Y, Hadri K, Bu R (2010) Testing for stationarity in heterogeneous
panel data in the case of model misspecification. Bull Econ Res
62(3):209–225. https://doi.org/10.1111/j.1467-8586.2009.00327.x

Richmond AK, Kaufmann RK (2006) Is there a turning point in the
relationship between income and energy use and/or carbon emis-
sions? Ecol Econ 56(2):176–189. https://doi.org/10.1016/j.
ecolecon.2005.01.011

Saidi K, Hammami S (2015) The impact of Co2 emissions and economic
growth on energy consumption in 58 countries. Energy Rep 1:62–70

SalahuddinM, Gow J (2014) Economic growth, energy consumption and
Co2 emissions in GCC countries. Energy 73:44–58

Schellnhuber HJ, Rahmstorf S, Winkelmann R (2016) Why the right
climate target was agreed in Paris. Nat Clim Chang 6(7):649–653.
https://doi.org/10.1038/nclimate3013

Soytas U, Sari R, Ewing BT (2007) Energy consumption, income and
carbon emissions in the United States. Ecol Econ 62(3):482–489

SSali MW, Du J, Mensah IA, Hong DO (2019) Investigating the nexus
among environmental pollution, economic growth, energy use and
foreign direct investment in six selected sub-saharan African coun-
tries. Environ Sci Pollut Control Ser 2019:1–16

Stern N (2006) The Economics of Climate Change: The Stern Review.
HM Treasury, London

Sulemana I, James HS, Rikoon JS (2016) Environmental Kuznets Curves
for air pollution in African and developed countries: exploring turn-
ing point incomes and the role of democracy. J Environ Econ Policy
6(2):134–152

Yaduma N, Kortelainen M, Wossink A (2015) The environmental
Kuznets curve at different levels of economic development: a coun-
terfactual quantile regression analysis for CO emissions. J Environ
Econ Policy 4(3):278–303

Zaman K, Moemen M (2017) Energy consumption, carbodioxide emis-
sions and economic development: evaluating alternative and plausi-
ble environmental hypothesis for sustainable growth. RenewSustain
Energy Review 74:1119–1130

Zaman K, Shahbaz M, Loganathan N, Raza SA (2016) Tourism devel-
opment, energy consumption and environmental Kuznets curve:
trivariate analysis in the panel of developed and developing coun-
tries. Tour Manag 54(June):275–283. https://doi.org/10.1016/j.
tourman.2015.12.001

Zhang X-P, Cheng X-M (2009) Energy consumption, carbon emissions,
and economic growth in China. Ecol Econ 68(10):2706–2712

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Environ Sci Pollut Res (2020) 27:15815–15823 15823

https://doi.org/10.1016/j.rser.2016.06.034
https://doi.org/10.1016/j.rser.2016.06.034
https://doi.org/10.1016/j.enpol.2009.09.005
https://doi.org/10.1016/0304-4076(94)01644-F
https://doi.org/10.1016/0304-4076(94)01644-F
https://doi.org/10.1080/01621459.1999.10474156
https://doi.org/10.1111/j.1467-8586.2009.00327.x
https://doi.org/10.1016/j.ecolecon.2005.01.011
https://doi.org/10.1016/j.ecolecon.2005.01.011
https://doi.org/10.1038/nclimate3013
https://doi.org/10.1016/j.tourman.2015.12.001
https://doi.org/10.1016/j.tourman.2015.12.001

	Relationship...
	Abstract
	Introduction
	Literature review
	Theoretical consideration
	Survey of empirical literature

	Methodology
	The data
	Model specification and description
	Estimation techniques

	Findings and discussion
	Unit root test result
	Panel cointegration test
	Hausman test result
	Panel ARDL estimation results
	Panel ARDL estimation result of carbon dioxide model
	Panel ARDL result of methane model
	Panel ARDL result of nitrous oxide model


	Concluding remarks and policy implications
	References


