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Abstract
Policymakers and authorities in Africa are often concerned about economic growth and stability owing to the long history 
of socioeconomic problems that have bedeviled the continent for years. However, increasing environmental degradation 
challenges in recent times beckons for adequate attention considering Africa’s vulnerability to climate change and envi-
ronmental disasters. Thus, the current study examines the illustrious environmental Kuznets curve (EKC) hypothesis in a 
sectoral composition framework of fossil resources abundance among leading oil-producing African economies, including 
Algeria, Nigeria, Angola, and Egypt, using a combination of quantile regression (QR) approach and dynamic ordinary least 
square (DOLS) for data between 1995 and 2016. Based on the empirical results from the study, three main factors signifi-
cantly increase environmental pollution through CO2 emissions among the countries, namely: fossil energy consumption, 
income levels, and the shares of the manufacturing sector in the total gross domestic product (GDP). While income growth 
exacerbates pollution, the negative impacts of the income square were only significant at the lower and mid quantiles of the 
understudied periods in the QR estimates. Thus, the EKC hypothesis was not convincingly upheld for the countries as its 
validity demonstrates significant quantile effects. Furthermore, the tripartite causality nexus among real income, resource 
rent, and share of the service sector in GDP, which is unobserved in the share of the manufacturing sector, reflect the infa-
mous Dutch disease argument among the resource-dependent countries. Hence, to promote environmental sustainability and 
address resource dependency toward the actualization of SDGs (1, 8, 12, and 13), the study recommends energy portfolios 
diversification alongside economic diversification.

Keywords  CO2 emissions · Service and manufacturing sectors · Resource abundance · Environmental Kuznets curve · 
Sustainable development goals · Africa

JEL Classification  P18 · P28 · O44 · N57

Introduction

Africa is the second-largest continent in the world; the sec-
ond in rank after Asia in terms of the land area covering 
an approximate 30.049 million km2 (AfDB, OECD, and 
UNDP, 2017). Africa is a promising continent with huge 
potentials when considering two major facts about the con-
tinent, namely, the dynamic demographic factors, and the 
abundant natural resources deposits. A fast-growing youth 
population characterized the abundant human resources in 
the continent of Africa. It is estimated that there are about 
1.107 billion people in Sub-Saharan Africa alone as of the 
end of 2019 (WDI 2020). Also, numerous natural resources 
spreading across the breadth and length of the continents 
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include crude oil, natural gas, gold, copper, uranium, coal, 
diamonds, iron, livestock, forests, and arable land, among 
several other resources, as seen in Fig. 1 (African Devel-
opment Report and AfDB 2007; Gokee 2016; Alao 2007; 
Aliyu et al. 2018).

Due to these abundant resource deposits, several African 
countries depend on resource rent, and many have amassed 
huge fortunes over the years from some of the aforemen-
tioned natural resources, especially in the case of the energy-
related ones such as oil and gas, which has been popularly 
described as black gold in the literature (More 2009; Effiong 
2010; Adusah-Karikari 2015; Price and Ronck 2018). Also, 
resource abundance has positioned the continent as virgin 
land, which many advanced economies and rapidly emerging 
economies are scrambling for.

Energy production and consumption are essential com-
ponents of the drivers of the world’s economic activities. 
Due to the importance of energy consumption in production 
activities, oil and gas have become very essential among 
other natural resources in the international market as they 
help nations meet up with their domestic energy demands. 

Africa accounts for 7.2% and 7.5% of global proven oil 
reserves and gas reserves, respectively (British Petroleum 
BP 2020). Energy production has thus thrived on the ambi-
ent of fossil resources in many African countries, especially 
among the leading oil producers. For instance, electricity 
production from fossil sources, namely oil, gas, and coal, 
account for as high as 100% in Libya, and about 99.6%, 
91.7%, 81.8%, and 46.8% in other major oil-producing coun-
tries, including Algeria, Egypt, Nigeria, and Angola, respec-
tively, as at 2016 (WDI 2020).

However, there are various environmental problems 
associated with not only the consumption of conventional 
energy sources like oil and gas but also with their exploita-
tion activities ranging from the release of harmful green-
house gases (GHGs) like carbon dioxide (CO2), methane 
(CH4), and nitrous oxide (N2O) among others, to the vari-
ous damages to natural habitats and biodiversity (IPCC 
2021; Jakob and Hilaire 2015; Ugochukwu and Ertel 2008; 
Zhang et al. 2020). Global carbon emissions have been on 
the rise, although emissions in Africa are substantially 
low compared to the rest of the world, especially in Asia 

Fig. 1   A map of Africa showing major tradable natural resources.  Source: Gokee (2016)
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and North America. Emissions in Africa grew from about 
193.9 in million tons of CO2 to about 1284.5 million tons 
which represent about 562.45% growth in emissions over 
the decades between 1965 and 2018 (BP, 2020). This 
growth can be deemed substantially high despite that the 
continent only account for about 3.77% of the total esti-
mated 34,007.89 million tons of global CO2 emissions in 
2018 (British Petroleum BP 2020).

As such, to avert the preponderance of occurrence of 
various environmental disasters like prolonged drought, 
flooding, and global warming, among others, it has been 
documented that reduction in global emission must be sus-
tained to keep global warming below 1.5 °C and to facili-
tate the achievement of carbon neutrality in the near future 
(IPCC 2019, 2021). Although environmental disasters are 
of global consequences, however, African countries have 
been said to be more vulnerable (Kula et al. 2013; Herslund 
et al. 2016; Baarsch et al. 2020). As such, environmen-
tal researches are a step in the right direction as they are 
key to facilitating the right policy directions toward the 
achievement of SDGs 11 and 13 with the primary focus of 
ensuring environmental sustainability via collective climate 
action. Generally, the economic facets of the challenges 
of resource dependence in rentier states in Africa have 
received substantial attention in the literature given severe 
economic challenges in many African countries, however, 
the environmental dynamics, which hitherto have received 
less attention should be emphasized considering the enor-
mous dangers and risks from environmental degradation in 
recent times. This action is also necessary given the level 
of reported higher vulnerability to climate issues in Africa 
compared to the rest of the world (Baarsch et al. 2020).

Hence, the current study examines the validity of the 
EKC hypothesis in a sectoral composition framework for 
the specific case of the selected leading oil-producing Afri-
can countries using second-generation panel estimation 
techniques. To the best of the authors’ knowledge, hitherto, 
no study has undertaken the EKC analysis within a secto-
ral composition framework for Africa and especially for the 
specific case of the group of oil-rich African economies. The 
majority of extant studies have only addressed the EKC from 
the perspectives of the energy sector alone while accounting 
for the income-emission nexus of the Kuznets hypothesis. 
The current study, therefore, fills the gap in the literature 
by exploring the question of the EKC validity in an elabo-
rate analysis that accounts for the overlooked impacts of the 
share of sectoral composition (manufacturing and services 
sectors) in addition to the dynamics of the energy sector by 
utilizing selected leading oil-producing economies in Africa. 
The study further provides insights into both the environ-
mental and economic facets of resources abundance vis-à-
vis the validity of the EKC hypothesis among the selected 

resource-rich countries including Algeria, Nigeria, Angola, 
and Egypt.

Aside from the introduction in the first section, the 
remaining aspects of the study have been arranged into 
other sections starting with the review of literature in EKC 
perspective in section two, the outlining of the empirical 
approach and data analysis in section three, and the discus-
sion of results and conclusions with policy matters in section 
four and section five, respectively.

Literature review

Socioeconomic and environmental challenges 
amidst resource abundance: a resource curse 
and Dutch diseases synopsis

The oil industry in many oil-exporting economies, including 
those in Africa, has received massive investments over the 
years, and this has translated into a huge economic fortune 
(Yates 2006; Ologunde et al. 2020). There are also times 
when many oil-exporting countries experience booms from 
a surge in international oil prices due to shocks that trigger 
a rise in the price level. In a rational thought, it would be 
expected that huge revenue gains from oil production and 
other resources should be to the overall economic benefits of 
the resource-based nations. However, massive returns from 
resource rents may not necessarily guarantee the expected 
levels of economic growth and development. Despite the 
abundant natural and human resources endowments, many 
of the oil-producing countries on the continent of Africa are 
still overwhelmed with numerous socioeconomic challenges 
cutting across almost every facet of life raging from cases of 
abject poverty to unbearable levels of inequality and acute 
unemployment (Anyanwu and Erhijakpor 2014; Ayittey 
2016; Onifade et al. 2020a; Asongu et al. 2020). There are 
also incessant cases of political instability and insecurity 
from prolonged conflict and wars and from insurgencies 
and terrorism (Tyburski et al. 2020; Kunawotor et al. 2020; 
Henri 2019).

Environmental degradations have also compounded the 
numerous socio-economic challenges following the pro-
longed period of natural resources exploitation and increased 
fossil resources usage in many resource-dependent African 
economies. For instance, an oil-rich country like Nigeria has 
made a huge fortune from oil since its discovery in the Niger 
Delta region in the 1970s, however, with just very little or no 
tangible evidence of improvement in the standards of living 
of the people in this most populous African country of over 
200 million people (WDI 2020; Taiwo et al. 2020; Hill 2012; 
Onifade et al. 2020b). Aside from the health hazards and 
environmental degradation from oil exploration activities 
that are predominant in the Niger Delta region of Nigeria, 
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Hill (2012) argued that the oil industry has significantly 
undermined the development of other sectors in Nigeria. 
Sandbakken (2006) also observed similar challenges of 
economic and political drawbacks in rentier states of Libya 
and Algeria despite the resource abundance. The irony of 
the matter is that a vast majority of countries though hav-
ing gained substantial revenues from fossil resources have 
failed to deliver enough sustainable infrastructures to take 
care of both socioeconomic and environmental challenges 
of the populace while also dragging back from diversify-
ing the economy to ensure sustainability in the long run. 
Thus, making Africa’s vulnerability to climate change and 
environmental disasters relatively higher (Kula et al. 2013; 
Baarsch et al. 2020).

This unfortunate situation aligns with the argument of the 
resource curse theory that posits those nations with natural 
resources endowments usually experience failure in growth 
and development indices compared to those that are less 
endowed. The resource curse theory is often premised on his-
torical antecedents of some common factors like civil wars, 
corruption, and gross mismanagement of funds that often 
thrive on weak institutions in many resource-rich countries 
(Gritsenko and Efimova 2020; Henri 2019; Tyburski et al. 
2020; Vahabi 2018; Manzano and Gutiérrez 2019). Frankel 
(2010) observed that many resource-rich African countries 
are still underdeveloped compared to countries like Japan 
and the Asian Tiger countries that have experienced tre-
mendous economic transformations despite having limited 
resources endowments. Furthermore, following the argu-
ments of Corden (1984) in his Dutch Disease theory, the 
surge in revenue during the period of a boom in a resource-
based economy like times of spike in oil prices in the case of 
oil-exporting economies may give room for more undesirable 
economic outcomes unless the economy is developed and 
well diversified. It has been observed that the prosperity of 
resource-dependent economies in Africa is undermined by 
the volatility and shocks in the oil and gas market, as many 
of these countries are found among the world’s least diversi-
fied economies (IEA, 2019). Excess revenue from natural 
resources export often triggers undue nominal exchange rate 
appreciation, higher wages, and expansionary fiscal policies 
that may not be commensurate with the actual size of the 
economy, thus increasing the rate of economic reliance on 
the resource sector and compounding other economic chal-
lenges like inflationary pressure (Taiwo et al. 2020). While 
this situation persists, the result is that other economic sec-
tors are often abandoned, thereby buttressing the assertion of 
Krugman (1987) that excessive reliance on natural resources 
export could pave way for the crowding out of other impor-
tant sectors like the manufacturing sector.

In a nutshell, the economic facets of resources abun-
dance have generally dominated the literature over the years, 
considering that achieving economic growth and stability 

through macroeconomic policies is the central goal of poli-
cymakers and authorities in many African countries. How-
ever, the dynamics of environmental challenges have been 
changing in recent times, therefore, requiring more attention 
from policymakers and authorities going by the continent’s 
vulnerability to climate change and environmental disasters 
(Kula et al. 2013; Herslund et al. 2016; Baarsch et al. 2020).

Empirical literature in the EKC perspective

A review of the empirical literature shows that the environ-
mental Kuznets proposition has often been scrutinized in 
many economies under various settings right from the origin 
of the concept of the hypothesis, which is traceable to the 
study of Kuznets (1955). The fundamental work of Kuznets 
(1955) focused on the response of inequality in income dis-
tribution to trends in economic growth. The Kuznets curve 
has thereafter been replicated or applied in diverse forms, 
including its famous application in environmental econom-
ics in recent times. Following the demonstration of how 
income inequality rises or dampens along the growth path 
in Kuznets’ study, the environmental aspect often focused 
on the intricacies of pollution-income nexus by providing 
answers to the question of whether environmental pollution 
rises or lessens vis-à-vis the trajectory of a nation’s eco-
nomic growth.

Given the initial stage of a nation’s economic growth 
path, the EKC conjecture opines that the challenges of pollu-
tion and environmental degradation are triggered as income 
level increases until a point when the positive income-pol-
lution nexus reserves such that further income growth only 
enhances pollution abatement, as seen in Fig. 2. Hence, the 
EKC hypothesis demonstrates an inverted ‘U-shape’ income-
pollution nexus. Hitherto, the validity of the hypothesis is 
subject to scrutiny as there is no consensus in the empirical 
literature. While several empirical studies upheld the EKC’s 
inverted U-shape income-pollution nexus (Apergis and 
Ozturk 2015; Sarkodie and Ozturk 2020; Bekun et al. 2021; 
Apergis and Payne 2009; Alola and Ozturk 2021; Onifade 
et al. 2021a; Ozturk et al. 2016), many others have failed to 
uphold the hypothesis or convincingly rejected it (Apergis 
2016; Dogan and Ozturk 2017; Pata and Aydin 2020; Sadik-
Zada and Loewenstein 2020; Dogan and Inglesi-Lotz 2020; 
Koc and Bulus 2020).

For African countries, there are also mixed results on the 
empirical evidence for the EKC hypothesis for extant studies 
in the literature. El Hédi Arouri et al. (2011) studied a group 
of the Middle East and North African (MENA) countries in 
a simple EKC framework that focused solely on the income-
pollution nexus with the use of sulfur dioxide proxy for envi-
ronmental pollution. The result shows that the EKC conjec-
ture is not valid for the region. However, the study fails to 
take into account other crucial factors that may influence the 
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income-pollution nexus but rather sorely focuses on income. 
In a different study, Bibi and Jamil (2021) examined the 
EKC for different regions, including countries in the MENA 
region and the Sub-Saharan African region. Unlike the study 
of El Hédi Arouri et al. (2011), they used carbon dioxide as a 
proxy for pollution by applying the fixed and random effect 
models in a multivariate setting. Their findings show that 
the EKC conjecture is valid for the MENA region, thereby 
contradicting the results from El Hédi Arouri et al. (2011). 
However, the result of Bibi and Jamil (2021) further shows 
that the hypothesis does not hold in the case of the Sub-
Sahara Africa region.

Furthermore, Demissew Beyene and Kotosz (2020) carried 
out an empirical analysis using pooled mean group (PMG) 
approach to test the EKC among twelve countries from East 
Africa. Their findings also show that the EKC does not hold 
among the countries. Their study reveals that the income-
emission nexus is negative until a certain level of income 
where further expansion in growth induces emission levels. 
Thus, the study produced a bell shape rather than the inverted 
U-shape for the EKC conjecture. Onifade et al. (2021b) also 
applied the PMG method in a similar approach to the study of 
Demissew Beyene and Kotosz (2020), however, not for East 
African countries but a group of African countries among 
other OPEC member countries. The results show that both 
urbanization and renewable energy consumption have no sig-
nificant effect on pollution levels as proxied by carbon emis-
sion while fossil energy consumption does induce pollution 
levels significantly. Furthermore, the study reveals a U-shape 
income-emission nexus rather than the invert U-shape nexus, 
thereby convincingly rejecting the validity of the hypothesis.

On the other hand, some studies have upheld the validity of 
the EKC in an African setting. Shahbaz et al. (2016) examine 
the impacts of globalization while exploring the EKC conjec-
ture among selected African countries. The ARDL approach 
was utilized in the study, and the results show that the EKC 

conjecture holds in six countries. Also, globalization reduces 
pollution levels in the country. Similarly, the study of Sarkodie 
(2018) affirms the validity of the EKC for the case of seventeen 
(17) selected countries from the continent. The study further 
pointed out that economic growth, energy use, and agricultural 
practices constituted a major aspect of environmental pollution 
in Africa. In addition, the study of Sarkodie and Ozturk (2020) 
also upholds the EKC in a multivariate analysis of emission 
data from the Kenyan economy.

However, from an empirical point of view, the validity of 
the hypothesis may be subject to several issues, including 
choice of methodologies, the accuracy of model specifica-
tions, the sample framework, and the nature or structure of 
the economies, among other matters. None of the studies has 
undertaken the EKC analysis within a sectoral composition 
framework for Africa and especially for the specific case of 
the oil-rich African economies. The current study, therefore, 
fills the gap in the literature by exploring the question of the 
EKC validity in an elaborate analysis that accounts for the 
overlooked impacts of the share of sectoral composition (man-
ufacturing and services sectors) in addition to the dynamics of 
the energy sector of selected leading oil-producing economies 
in Africa. While doing so, it was also ensured that the roles of 
resources rent were not neglected in the understudied sectoral 
framework among the selected countries.

Methodology

Data and sample

Resource-rich nations are located across the globe, and 
several of them are found in Africa. Literarily, almost all 
African countries can be defined as resource-rich. Besides, 
in recent times, more countries are discovering resources 
like oil and gas in commercial quantity, and production has 

Fig. 2   Diagrammatical repre-
sentation of the EKC conjecture
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even begun in some while others have several ongoing pro-
jects (Graham and Ovadia 2019; IEA 2019). The case of 
oil and gas was taken for analysis among other resources in 
the study, considering the crucial roles that these resources 
play in not only revenue generation for many oil-dependent 
economies on the continent but also the fact that oil and gas 
help them to meet up with their growing energy demand. 
However, not all oil-producing African countries were 
accommodated in the present study due to constraints in 
data availability.

Priority was given to four (4) countries among the top five 
leading oil producers on the continent, including Algeria, 
Libya, Nigeria, Angola, and Egypt. These countries together 
are considered a good representative fraction of oil produc-
ers on the continent of Africa as they have the highest daily 
oil and gas production volumes with the largest revenues, 
and besides, they jointly account for approximately 86.54 
and 89.06% of total proved oil and gas reserves in Africa, 
respectively, as seen in Fig. 3 in the Appendix. Unfortu-
nately, Libya was excluded from the final samples due to 
the nonavailability of data on sectoral composition. There-
fore, the final sample framework covers the case of Algeria, 
Nigeria, Angola, and Egypt. Related data were drawn from 
the World Bank development indicator (WDI, 2020) for a 
panel of the selected countries between 1995 and 2016 to 
explore the question of the validity of the EKC in a secto-
ral composition framework that accounts for the share of 
both manufacturing and services sectors, in addition to the 
dynamics roles of energy consumption among the countries.

In line with the income levels of the countries, the general 
baseline model for the study is presented in Eq. (1) to reflect 
the levels of carbon emissions that are provided as a function 
of sectoral classification, namely, energy sector, manufactur-
ing sector, and the service sector.

The carbon dioxide emission ( CO2it ) levels were 
utilized in measuring environmental quality among the 
countries, and this variable is provided in metric tons per 
capita. As for economic performance, rather than utilizing 
the real gross domestic product values, the real per capita 
income ( RIit ) levels in the current US$ were utilized in 
measuring income levels among the countries considering 
that there are substantial demographic differences in terms 
of individual country’s population size. The square value 
of the income level ( RI2it ) is factored into the model to 
validate the EKC assertion as obtainable in the empirical 
literature (Balsalobre-Lorente et al. 2021; Sadik-Zada and 
Loewenstein 2020). As for the energy composition among 
the countries, both energy consumption from fossil sources 
and corresponding rents from fossil sources were factored 
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into the model. In the case of the former, the amount of 
energy consumption from fossil resources as a percentage 
of the total energy consumption ( FECit ) was utilized, while 
the sum of natural resources rents ( NRit ) on fossil resources, 
namely oil rents, natural gas rents, and coal rents were 
utilized for the latter. As for the manufacturing sector, the 
sectors’ shares in total GDP, which is based on the total 
manufacturing value added, ( MGIit ) was utilized, and its 
values are obtained from the net output of a sector after 
adding up all outputs and subtracting intermediate inputs. 
On the other hand, for the service sector, the share of 
services as a proportion of the GDP ( SGIit ) was utilized. The 
services sector consists of the value-added in both retail and 
wholesale trade, real estate services, education, transport, 
financial services, and health care services, among others. 
Lastly, considering that the values of both the manufacturing 
sector and service sector were obtained as a share of the 
GDP, the log-share of the service sector in GDP was utilized 
alongside the natural logarithm of the absolute values of 
the manufacturing sector to avoid collinearity issues. Other 
variables are also provided in the natural logarithm.

Methodological steps

Cross‑sectional dependence (CD), unit root, 
and cointegration tests

The group of countries in the present study is mainly primary 
commodities-driven economies. The commodities involved, 
in this case, oil and gas, are international commodities that 
are often prone to shocks and diverse degrees of fluctua-
tions. Major periods of fluctuations in the international oil 
market are often randomly felt among major producers, and 
they may also create general windfalls in revenue. As such, 
there is a tendency that the countries may be susceptible to 
common shocks. Therefore, to begin the empirical analysis, 
the residual of the sample panel was examined to ascertain 
whether common shocks affect the error component of the 
sample by conducting a cross-sectional dependency (CD) 
test. Failure to conduct such a test may invalidate results and 
findings from other subsequent analyses due to the possibil-
ity of an inappropriate choice of methodological approaches. 
Hence, following the fundamental study of Pesaran (2007) 
and Chudik et al. (2016), the CD test has not been sidelined 
in some contemporary studies, especially while conduct-
ing preliminary tests (Koengkan 2018; Bekun et al. 2021; 
Gyamfi et al. 2021).

Given that the cross-section dimension (i) in a panel of 
observations ranges from 1 to N with the time period (t) 
ranging from 1 to T in Eq. 2, the null hypothesis shows that 
there is no cross-sectional dependence in the residual as 
denoted by Cov(�it,�jt) = 0 against the alternative that por-
tends cross-section dependence (correlation) in residuals 
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given at least a pair of the cross-sections as denoted by 
Cov(�it,�jt) ≠ 0.

The estimates from the Lagrange multiplier (LM) 
approach of Breusch and Pagan (1980) were taken from the 
OLS operations of Eq. (2), and the corresponding pair-wise 
correlation of the estimated residuals is represented by ρˆij 
as seen in Eq. 3. This method is more suitable when the 
cross-section is relatively small but requires a large T, as is 
the case with the present study.

From Eqs. 4 and 5, the LM test for CD by Pesaran (2015) 
that can accommodate slope heterogeneity and cross-sec-
tional issues in a relatively small sample was used. The 
observed test statistics for the evaluated residuals ( μ ) are 
generally assumed to be asymptomatically distributed in a 
way that CD ~ N(0, 1). The result discussion section presents 
the outputs of combined CD tests to include both Pesaran 
(2015) and Pesaran (2007) approaches. The CD tests uphold 
the existence of CD, and the full details of the results are 
provided in the result discussion in Sect. 4. Subsequently, 
to check for the existence of a long-run relationship among 
the variables, there is a need to adopt a unit root test that 
accommodates CD limitations. As such, the CIPS panel 
unit root test of Pesaran (2007) was adopted for the study. 
This test is an augmented second-generation type of the IPS 
unit root test of Im et al. (2003). As for the confirmation of 
the long-run relationship among variables, the Westerlund 
(2007) cointegration method was utilized in line with the 
error adjustment mechanism in Eq. 6. This cointegration test 
is beneficial and more effective for the present study con-
sidering that applying other traditional unit root techniques 
could produce unreliable results when dealing with cross-
sectional dependency, as seen in extant studies (Gyamfi et al. 
2022; Onifade et al. 2021c).

In Eq. 6, Dt denotes the deterministic arrangement that 
can be specified to show a model with no deterministic 
components or a model with an only constant component, 
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or a model with both trend and constant as represented by 
Dt = (0), Dt = (1), or Dt = (1, t), respectively. On the other 
hand, the vector of parameters is represented by αt . The 
evaluation of the error correction process ( ∅i ) helps to 
determine the existence of a long-run relationship among 
variables based on the group statistics and the panel statistics 
(Gt, Gα, Pt, and Pα) that is produced.

Long‑run coefficient estimations

The long-run estimations were obtained using the QR 
approach while utilizing the dynamic ordinary least squares 
(DOLS) technique to provide a comparative analysis and 
robustness checks. Following the fundamental study of 
Koenker (2004) and Powell (2016), the QR panel estima-
tion method was utilized as initiated by Koenker and Bassett 
(1978) in evaluating the long-run coefficients. Equation (7) 
shows the interactive relationship among the variables in 
line with what is obtainable in baseline model 1. In Eq. (7), 
the � th conditional quantile of the dependent variable (envi-
ronmental degradation as measured with CO2 emission lev-
els) is represented by QLnCO2it(�∕�it) , while the vector of 
the explanatory variables is denoted by �it . Given that ( �)
represents the quantiles for the panel samples of the selected 
countries i at time t, the slopes of the individual explanatory 
variables are represented by � while �it captures the error 
term for the given vector.

The combined QR and DOLS approach provides certain 
advantages in the present study. Unlike the conventional OLS 
approach that shows the nexus between an explained variable 
and the conditional mean of the explanatory variables alone, 
the QR approach produces more elaborate results by utiliz-
ing the conditional quantiles of the explanatory variables to 
demonstrate their impacts on the explained variables. In case 
of the violation of the fundamental normality assumption of 
the OLS, there is a major pitfall in the conventional approach; 
however, the QR approach is robust for error distribution, and 
outliers and it can generate better outcomes when dealing 
with cross-sectional dependence and heterogeneous effects 
(Nwaka et al. 2020; Anser et al. 2021). Also, aside from hav-
ing the advantage of getting an elaborate result from the QR 
approach, which depends on the median values, the estimates 
from the DOLS provide alternative or comparative views as 
the technique utilizes the mean values for estimations. Hence, 
the combination of the mean and median approaches in the 
analysis further strengthens the robustness of the estimates. 
Lastly, the Dumitrescu and Hurlin (2012) granger causality 
technique was applied to examine the direction of causality 
among the understudied variables.

(7)
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Results discussions

A presentation of the descriptive statistics of the sample obser-
vations heralds the discussion of the results, as seen in Table 1. 
From the table, there is a strong significant positive correlation 
between carbon emissions and income levels as well as fos-
sil energy consumption levels and manufacturing sector but 
an insignificant negative and positive correlation with natural 
resources rents and service sector, respectively. These results 
from the simple correlation are not conclusive but only provide 
some preliminary clues. Several other factors are to be consid-
ered in the analysis to reach a valid conclusion. For instance, 
there is a cross-sectional dependence issue when considering 
the estimated results for the CD test in Table 2 as test statistics 
for the residuals validate the rejection of the null hypothesis 
of no cross-sectional dependence. Following the affirmation of 
the CD for the panel sample, the unit root test results and the 
cointegration outputs were reported in Table 3.

a, b, and c represent the statistical significance of outputs 
at 1%, 5%, and 10% levels, respectively.

Following the significance of both the group and panel 
statistics of the Westerlund (2007) long-run test in Table 3, the 
result confirms that the null hypothesis of the absence of coin-
tegration relationship among the underlaying variables can 
be rejected. As such, the corresponding long-run coefficients 
representing the impacts of each of the explanatory variables 
were obtained and discussed in Table 4 alongside the evidence 
of causality that is provided in Table 5, accordingly.

Long‑run coefficients and causality direction

The estimated long-run coefficients from the QR outputs in 
Table 4 show that there are three main drivers of environ-
mental pollution through carbon emission levels among the 
countries, namely; fossil energy consumption, manufactur-
ing sector, and income levels. The QR estimates reveal the 
exacerbating effects of fossil energy consumption on the 
carbon emission levels among the countries. Fossil energy 
consumption has strong and positive impacts on emission 
level and the effects are highly significant and consistent 
across all the conditional distribution of emission levels 
from the lower quantiles ( � = 0.10 to � = 0.30) to the mid-
quantiles ( � = 0.40 to � = 0.60) and the upper quantiles ( � = 
0.70 to � = 0.90). This result is in line with the conclusion 
from some extant studies that fossil energy is a driver of 
carbon emission (Shahbaz et al. 2021, 2015; Sarkodie 2018; 

Table 1   Summary statistics

a, b, and c represent the statistical significance of outputs at 1%, 5%, and 10% levels, respectively.

Variables LnCO2 LnRI LnRI2 LnFEC LnNR LnMGI LnSGI

Mean 0.1401 3.2496 10.6692 1.6944 1.2373 1.1186 1.6196
Median 0.1777 3.2758 10.7312 1.8281 1.2539 1.2051 1.6382
Maximum 0.5859 3.7475 14.0438 1.9999 1.7528 1.6992 1.7765
Minimum  − 0.5058 2.5885 6.70079 1.2001 0.4840 0.4609 1.3220
Std. dev 0.3164 0.3320 2.11676 0.3165 0.2845 0.3634 0.0864
Observations 88 88 88 88 88 88 88
Correlation matrix
LnCO2 1
p-value ––
LnRI 0.6242a 1
p-value (0.0000) ––-
LnRI2 0.6132a 0.9986a 1
p-value (0.0000) (0.0000) ––-
LnFEC 0.9411a 0.4585a 0.4477a 1
p-value (0.0000) (0.0000) (0.0000) ––-
LnNR  − 0.0952 0.0233 0.0447  − 0.2003c 1
p-value (0.3775) (0.8289) (0.6789) (0.0613) ––-
LnMGI 0.6505a 0.2061c 0.1980c 0.6525a  − 0.2642b 1
p-value (0.0000) (0.0540) (0.0644) (0.0000) (0.0128) ––-
LnSGI 0.1114 0.4018a 0.3834a 0.0793  − 0.6990 0.1005 1
p-value (0.3013) (0.0001) (0.0002) (0.4624) (0.0000) (0.3511) ––-

Table 2   Cross-sectional dependency results

a, b, and c represent the statistical significance of outputs at 1%, 5%, 
and 10% levels, respectively.

Test approach Breusch and Pagan 
(1980) LM test

Pesaran 
(2007) CD test

Pesaran 
(2015) LM 
test

Model (1) 24.0331a 1.9023c 5.2057a
P-value (0.0005) (0.0571) (0.0000)
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Sarkodie and Ozturk 2020; Alola et al. 2021; Adedoyin et al. 
2021; Gyamfi et al. 2021). Besides, the output of the mean 
estimations of the DOLS approach gives more credence 
to the QR results as it reveals that carbon emission levels 
rise by 0.67% when there is a percent rise in fossil energy 
consumption level among the countries. Also, there is evi-
dence of a strong two-way causality between fossil energy 
consumption and carbon emission levels in Table 5, which 

further corroborates the long-run results. Some studies like 
Fuinhas et al. (2017) have also demonstrated how primary 
energy consumption increases environmental pollution for 
the case of Latin American countries. Interestingly, fossil 
energy constitutes the main share of total primary energy use 
among the understudied countries, and the current results are 
just a reaffirmation of how conventional energy consump-
tion, in particular, can be detrimental to environmental 

Table 3   Unit root and cointegration outputs

CIPS IPS

Variables Intercept and trend
Dt = (1, t)

Intercept and trend
Dt = (1, t)

Levels 1st difference Levels 1st difference
LnCO2  − 2.402  − 5.661a  − 2.1629  − 3.5766a
LnRI  − 2.058  − 3.581a  − 0.4445  − 2.9700b
LnRI2  − 2.168  − 3.514a  − 0.5129  − 2.9105b
LnFEC  − 2.987c  − 4.769a  − 2.3704  − 3.3911a
LnNR  − 2.310  − 4.044a  − 1.0017  − 4.0616a
LnMGI  − 2.145  − 3.705a  − 1.3777  − 3.0618b
LnSGI  − 2.066  − 4.876a  − 2.2277  − 5.4517a
Westerlund (2007) cointegration
Evaluated equation Group Panel
LnCO2 = f(LnPY), (LnPY2), (LnFEC), (LnNR), (LnMGI), (LnSGI) Gτ Gα Pτ Pα
Statistics  − 2.780a  − 5.728a  − 5.264a  − 7.227a
Robust p-value 0.0000 0.0000 0.0000 0.0000

Table 4   QR and DOLS results

a, b, and c represent the statistical significance of outputs at 1%, 5%, and 10% levels, respectively.

Approaches QR estimates DOLS

Dependent (var):
LnCO2

� = 0.10 � = 0.20 � = 0.30 � = 0.40 � = 0.50 � = 0.60 � = 0.70 � = 0.80 � = 0.90

LnRI 1.9929
a

3.0329
a

3.3194
a

2.8126
a

1.8190 1.4322 0.7920 0.1773  − 0.1450  − 0.5862

P-value (0.0024) (0.0001) (0.0000) (0.0054) (0.1523) (0.1922) (0.3322) (0.8557) (0.8476) (0.1692)
LnRI2  − 0.2583

b
 − 0.4244
a

 − 0.4678
a

 − 0.4004
a

 − 0.2468  − 0.1909  − 0.0960 0.0014 0.0497 0.1444
b

P-value (0.0114) (0.0004) (0.0001) (0.0085) (0.1868) (0.2353) (0.4312) (0.9922) (0.6656) (0.0131)
LnFEC 0.7374

a
0.7275
a

0.7148
a

0.7532
a

0.7419
a

0.7211
a

0.6920
a

0.6876
a

0.6729
a

0.6789
a

P-value (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
LnNR 0.0972 0.0927 0.0671 0.1338

c
0.1254
c

0.1539
b

0.1424
a

0.0863 0.0723  − 0.0827

P-value (0.2272) (0.3468) (0.5013) (0.0926) (0.0872) (0.0377) (0.0082) (0.1205) (0.1008) (0.3866)
LnMGI 0.1598

a
0.1275
b

0.1208
b

0.0930
a

0.1035
c

0.1323
b

0.1522
a

0.1576
a

0.1732
a

0.1448
b

P-value (0.0078) (0.0441) (0.0494) (0.0099) (0.0590) (0.0131) (0.0007) (0.0084) (0.0004) (0.0503)
LnSGI 0.2054  − 0.1099  − 0.1565 0.0137 0.0271 0.1114 0.0660  − 0.1612  − 0.2365  − 0.4414
P-value (0.6474) (0.8305) (0.7618) (0.9653) (0.9347) (0.7326) (0.7782) (0.5864) (0.2898) (0.2542)
Observation 88 88 88 88 88 88 88 88 88 88
No. regressors 6 6 6 6 6 6 6 6 6 6
No. group 4 4 4 4 4 4 4 4 4 4
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sustainability, as evidenced in extant empirical studies 
(Koengkan 2018; Adebayo and Rjoub 2021).

As for the impacts of sectoral composition on the pollu-
tion level, the results show that the manufacturing sector is 
the only significant driver of carbon emission level among 
the countries. The positive and significant impacts of the 
manufacturing sector on environmental pollution were con-
sistent, as seen across the conditional distribution of the car-
bon emission level in the QR estimates. This result supports 
the finding from the study of Sadik-Zada and Loewenstein 
(2020) concerning the possible deteriorating impacts of the 
manufacturing sector on environmental quality among coun-
tries. The DOLS estimates also reveal that carbon emission 
level rises by 0.14%, given a percent increase in the share of 
the manufacturing sector. This shows that energy demands in 
the manufacturing sector thrive more on conventional energy 
sources at the detriment of environmental quality, and this 
is further buttressed by the observed one-way causality link 
from fossil energy consumption to the share of the manu-
facturing sector, as seen in Table 5. On the other hand, the 
observed impacts of the service sector on carbon emission 
were insignificant across all quantiles in the QR estimates, 
and the impact was also insignificant in the DOLS outputs. 
This shows that the service sector is not a major driver of 
carbon emission levels among the countries as the carbon 
footprint of the manufacturing sector is the only significant 
aspect of the share of sectoral composition in the economy.

For income levels and natural resources rent, unlike 
the impacts of fossil energy consumption that were posi-
tive and consistent across all the conditional distribution of 
carbon emission levels, the impacts of income levels and 
natural resources rent mixed, and they exhibit significant 
differences across the quantiles. Insightfully, income levels 
have strong positive impacts on carbon emission levels, but 
these impacts are only significant between the lower and mid 
quantiles (from � = 0.10 to � = 0.40). Likewise, the nega-
tive impacts of the income square were only significant at 
the lower and mid quantiles. This shows that the validity of 
the EKC hypothesis exhibits significant quantile effects. The 
implication is that the cushioning impacts of income growth 

as postulated by the EKC in the case of the selected fossil 
energy resource-abundant African economies depend largely 
on the conditional distribution of expansion in income level. 
Although the validity of the EKC has been upheld for some 
resource-dependent countries in different empirical studies 
(Tenaw and Beyene 2021), however, the hypothesis is only 
observed to be valid at lower and mid quantiles in the pre-
sent study. The current finding is not in isolation, as it partly 
supports the conclusion from the study of Sadik-Zada and 
Loewenstein (2020) and Onifade et al. (2021b) that the EKC 
conjecture does not hold among fossil abundant countries. 
Hence it is concluded that income growth will cushion emis-
sion levels at lower levels of carbon distribution, but the 
cushioning impact fizzles away at a higher level thereafter. 
On the other hand, although natural resources rent has posi-
tive impacts on carbon emission levels across all quantiles, 
however, these impacts were completely insignificant at 
the lower quantile. Overall, the significance of impacts of 
resources rents can be said to be weak (only at 10%) in the 
mid quantile, and they were also marred with inconsistency 
at the upper quantiles. Hence, in terms of consistency, the 
impacts of the income levels were more significant and relia-
ble compared to those of natural resources rent. Besides, the 
DOLS estimate also shows that resource rents themselves 
are an insignificant driver of carbon emission level, unlike 
the income aspect where expansion in income levels signifi-
cantly exacerbates pollution. Thus, findings differed from 
studies where resources rent significantly increase pollution 
levels (Hussain et al. 2020; Baloch et al. 2019). This finding 
is also understandable considering the resource-abundant 
setting of the panel causality in Table 5, where causality 
runs from fossil energy consumption and resource rent to 
real income while income in turn granger causes CO2 emis-
sion. The obtained causality flow from energy consumption 
to the sectoral compositions thus supports the evidence on 
the link between an increase in energy consumption and rise 
in sectoral economic growth in the literature like the agri-
cultural sector performance in Pakistan (Khan et al. 2021; 
Koondhar et al. 2021).

Table 5   Panel causality evidence

a, b, and c represent the statistical significance of outputs at 1%, 5%, and 10% levels, respectively.

Zbar-Stat

Variables LnCO2 LnRI LnFEC LnNR LnMGI LnSGI Causality flow

LnCO2 _ 1.8733c 3.4082a 0.1045 2.0568b 2.0251b LnCO2 → LnFEC,LnMGI,LnSGI,LnRI

LnRI 4.8090a _ 3.5321a 1.2927 1.2005 5.5669a LnRI → LnCO2,LnFEC,LnSGI

LnFEC 3.7221a 1.6193 _ 1.9013c 2.2497b 2.1444b LnFEC → LnCO2,LnNR,LnMGI,LnSGI

LnNR 2.0190b 4.1842a  − 0.4161 _ 1.9781c 0.9880 LnNR → LnCO2,LnRI,LnMGI

LnMGI  − 0.7174 10.3026a  − 0.8999  − 0.6578 _ 1.1686 LnMGI → LnRI

LnSGI 0.5897  − 0.6306  − 0.3664 2.6954a 0.9202 _ LnSGI → LnNR
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Conclusions

The QR approach was combined with the DOLS technique 
to explore the impacts of energy components and sectoral 
composition of the economy on the conditional distribution 
of environmental degradation as proxied by carbon emis-
sion levels among selected fossil energy resource-abundant 
African economies, including Algeria, Nigeria, Egypt, and 
Angola between 1995 and 2016. The empirical analysis 
shows that fossil energy consumption, manufacturing sec-
tor, and income levels significantly induce environmental 
pollution through carbon emission levels among the coun-
tries. In addition, the EKC hypothesis was not convincingly 
validated, but the empirical findings show that the valid-
ity of the hypothesis demonstrates a significant quantile 
effect among the selected African economies. Furthermore, 
the causality evidence reveals a strong two-way causality 
between fossil energy consumption and carbon emission lev-
els which further corroborates the strong positive impact of 
fossil energy consumption on environmental pollution levels 
among the countries as seen in the long-run estimates. Also, 
causality runs from fossil energy consumption to income. 
Rents granger causes real income levels but not the other 
way round while real income growth in turn granger causes 
pollution level. Besides, when considering sectoral perfor-
mances, the real income only granger causes the service 
sector but has no causality nexus with the manufacturing 
sector. This is a reflection of the mono-economy structure of 
dependence on trade and services in the oil and gas industry 
among the countries, and this may constitute challenges to 
the actualization of sustainable economic growth in the long 
term due to the effects of shocks that often create fluctua-
tions and instability in the international oil market.

Policy recommendations

It is recommended that the authorities of the selected coun-
tries should put policies measures in place for economic 
diversification away from resources dependence. Rent from 
natural resources should be channeled toward developing a 
strong, vibrant, and greener manufacturing sector to ensure 
sustainable income growth in the long run toward actu-
alizing SDGs 1 and 8 that focuses on poverty alleviation 
and wealth creation through sustainable growth. A vibrant 
real sector stands to provide more advantages in terms of 
employment creation and income generation. The causality 
evidence shows that income performance is mostly depend-
ent on resources rent among the countries, and there is a 
one-way causality from real income level to the service sec-
tor, but the reverse is the case for the manufacturing sector 
as the observed causality flow is rather from the manufactur-
ing sector to the income level. Therefore, the manufacturing 

sector may not have had the expected benefits from the huge 
resources rent that has accrued to countries in the panel 
study over the years.

Owing to the environmental damages from fossil energy 
consumption in terms of rising carbon emission levels among 
the selected leading oil-producing African countries, it is also 
recommended that authorities and policymakers come up with 
workable approaches to ensure energy portfolio diversification 
plans. Rather than having fossil energy accounting for over 
90% of total energy consumption, as is the case for some of 
the countries, attention has to be paid to the huge environ-
mental benefits that come with renewable energy resources. 
Fortuitously, the potential for renewable energy resources is 
estimated to be very high among many African countries, 
including those in the current analysis. For instance, the 
annual global horizontal irradiation for solar potential is esti-
mated in the range of 2300 to 2752 kWh/sq.km, while the 
average wind speed at 100-m height ranges from 7.5 up to 
as high as 14.1 m/s in a vast majority of African countries 
(United Nation Environment Program, UNEP 2017). There-
fore, these countries can harness their vast renewable poten-
tials by tapping into solar and wind sources as sustainable 
alternatives to fossil fuels in terms of decarbonization.

Finally, the authorities need to embark on more invest-
ments in green manufacturing technologies. This would not 
only assist in cushioning the pollution effects of manufac-
turing activities from conventional energy sources via the 
aggravation of carbon emission levels, but such investments 
would also help to reduce the undue pressure exerted on 
the environment by facilitating cleaner ways of exploiting 
and utilizing natural resources. This will, in turn, also help 
to enhance biocapacity and ecological footprint reduction 
among the understudied economies. As such, the resource-
abundant African economies can be better positioned toward 
the actualization of SDGs 12 that emphasizes responsible 
consumption and production, among other crucial environ-
mental and developmental issues.

Limitations of study and direction for future studies

The current study has focused on the case of the selected 
four leading oil-producing countries using the carbon emis-
sion perspective for environmental degradation. Hence, 
comparative analysis can be carried out as resource discov-
eries continue in other countries over time. Furthermore, 
following the foundation laid in the current study, future 
studies can also be tailored toward the exploration of the 
impacts of energy dynamics on environmental degradation 
while disentangling sectoral components within the specific 
context of ecological performances and biocapacity among 
resource-abundant African countries.
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Appendix

Figure 3

Fig. 3   The share of Africa’s 
total proved oil and gas reserves 
(at the end of 2019);  Source: 
author’s computation using data 
from BP (2020)
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