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Abstract
Sub-Saharan African countries are among mineral-rich developing countries strategically competing to guarantee sustainable 
economic development through resource exploration. The possibility of increasing the level of carbon emission due to using 
low-cost fuels and high pollutants during mineral resource extraction activities leading to environmental degradation continues 
to draw the attention of researchers and policy makers. This research aims to analyze the response of carbon emissions in the 
African continent to symmetric and asymmetric shocks on resource consumption, economic growth, urbanization, and energy 
consumption. Following the Shin et al. (2014a) linear and nonlinear autoregressive distributed lag (ARDL) methodology 
in panel form, we construct symmetric and asymmetric panel ARDL–PMG model to evaluate both short- and long-run 
impacts of resource consumption on carbon dioxide emissions for a panel of 44 African countries over the period 2000–2019. 
The symmetric results show that the effect is not statistically significant despite natural resource consumption positively 
impacting carbon emission in the long and short runs. Energy consumption was found to affect environmental quality in the 
long and short runs adversely. Interestingly, economic growth was found to improve environmental quality in the long run 
significantly, and no significant impact was reported in the case of urbanization. However, the asymmetric results prove that 
a positive and negative shock to natural resource consumption contributes significantly to carbon emission, contrary to the 
insignificant impact established in the linear framework. The gradual growth in the manufacturing sector and an expansion in 
the transportation sector in Africa led to high demand and consumption of fossil fuels. This possibly accounts for the adverse 
effect of energy consumption on carbon emissions. Most African countries depend mainly on exploring natural resource 
endowment and agricultural activities to drive the growth of their economies. Due to the weak environmental regulatory 
frameworks in most African countries and public corruption, multinational companies (MNCs) in the extractive sector do 
not adhere to environmentally friendly activities. The majority of African countries are also battling illegal mining activities 
and illicit felling of trees, which may account for the positive relationship between natural resource rents and environmental 
quality reported. In terms of policy implications of the study, governments in Africa must preserve natural resources, use 
environmentally friendly and technologically advanced resource extraction methods, opt for green energy, and strictly apply 
environmental laws to promote environmental quality on the continent.
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Introduction

Climate change has been a substantial challenge for 
humanity in recent years. A major contributing factor 
identified as causing climate change is human activities 
which are not showing any signs of improvement over 
the past years (Joshua and Bekun 2020; Magazzino et al. 
2020; Ulucak and Khan 2020)

Environmental degradation resulting from human activ-
ities is gradually becoming an important topic for debate 
among researchers and analysts from numerous fields. 
This is due to the adverse effects of greenhouse gas emis-
sions on the world’s sustainable development. Identifying 
greenhouse gas emissions by experts as the leading cause 
of climate change is critical in curbing climate change’s 
menace on the planet. Franco et al. (2017) observed that 
carbon emissions contributed to approximately 60% of 
global warming, making it a massive component of green-
house gases.

Meanwhile, the economy of every country hinges on 
the environment to provide resources; hence, making poli-
cies to cater for sustainable development remains crucial. 
Aiming for economic growth only will have some ramifi-
cations for the globe and its living organisms, which com-
prises humans as well. The need for continuous growth 
and uncontrolled consumption of resources has already 
caused irreversible destruction to the planet (Bradshaw 
et al. 2010).

This modern era has been characterized by increased 
competition among developing and developed coun-
tries. In the interim, developing countries also desire to 
expand their economic activities through urbanization, 
industrialization, and increasing production to sustain 
their economies and eradicate poverty. In pursuance of 
economic growth, these activities increase the demand 
and consumption of energy. In the long run, this would 
lead to an increase in carbon dioxide (CO2) emissions, 
which is hazardous to the health of humans and sustain-
able development (Asongu and Odhiambo 2019). Due to 
climate change and carbon dioxide emissions at the global 
and regional levels, developing countries are faced with 
issues of cyclones, rising sea levels, floods, and drought. 
Understanding the dangers associated with the rise in car-
bon emissions and climate change would be crucial for 
developing countries since they have been identified as 
lacking the resources to help them recover from its adverse 
effects (Nyang’au et al. 2020).

Despite some sustained economic growth for nearly two 
decades, Sub-Saharan Africa (SSA) continues to be one of 
the world’s poorest regions, with excessive dependence on 
the region’s natural resources (Bank 2016). Ranging from 
freshwater, arable land, oil, minerals, natural gas, wildlife, 

forest, and so on are some of the rich natural resources 
the region has endowed with and relies upon to achieve 
sustainable development goals (SDGs). The fourth issue 
of the Sustainable Development Report on Africa reports 
that managing and regulating this broad range of natural 
resources are essential for the region’s path toward sustain-
able development outcomes (Morley 2015). Nonetheless, it 
is relevant to state that the sub-region’s economic growth 
process, which is based on the rise in the demand for natu-
ral resources combined with the unsustainable exploitation 
of natural resources from various emerging countries, has 
rekindled the discussion about the significant role natural 
resource exports and consumption play in the achievement 
of the SDGs in countries with rich resources (Islam and 
Managi 2019; Merino-Saum et al. 2018; Sahin et al. 2019; 
Sinha and Sengupta 2019)

Furthermore, Balsalobre-Lorente et  al. (2018), in a 
study, revealed that natural resources inhibit the usage of 
some high-pollutant fossil fuels by reducing their import 
and allowing a feasible alternative to change to low-pol-
lutant energy resources like natural gas. Some empirical 
studies have supported this notion. In addition, Zafar et al. 
(2019) found in their research that in the USA, natural 
resources have restrained environmental degradation, and 
similar outcomes were also observed in BRICs (Brazil, 
Russia, India, China) economies (Danish et al. 2019).

However, on the contrary, Ahmed et al. (2020a), in a 
study, revealed that since mining activities destroy the 
environment, the abundance of natural resources pollutes 
the environment. The likelihood of using high-pollutant, 
low-cost fossil fuels is exceptionally high for SSA coun-
tries, making it difficult to exploit the environmental ben-
efits of abundant natural resources. Likewise, Sarkodie and 
Adams (2018) observed that mining, chain saw operations, 
and deforestation are primary causes of environmental 
pollution and loss of natural habitat. Further studies by 
Zafar et al. (2020) admitted that economic development, 
which is associated with urbanization and industrialization, 
stimulates the exploration of natural resources. This will 
ultimately increase the degradation of the environment. 
From this, it is evident that previous studies have observed 
diverse perspectives and disagreements about whether 
abundant natural resources are harmful to the environment.

Furthermore, in previous studies, factors such as eco-
nomic development, energy consumption, and urbanization 
were considered when assessing the influencing factors of 
environmental quality (Shafiei and Salim 2014). These key 
factors have undergone tremendous changes in SSA coun-
tries in recent times. Energy consumption does have huge 
effects on economic growth, the reduction of poverty levels, 
and sectoral development (Adedoyin et al. 2020a; Adedoyin 
et al. 2020b; Kirikkaleli et al. 2021; Udi et al. 2020).
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The consumption of energy contributes to attaining high 
levels of economic development and is viewed as critical for 
the needs of humans. Even though it is generally consumed 
in various forms, the consumption of energy has frequently 
been on the rise (Petroleum 2017). On the other hand, urban-
ization and economic growth have been observed to be sig-
nificant contributors to the unusual increase in energy con-
sumption, specifically non-renewable energy (Ahmad et al. 
2019; Wu et al. 2019). Studies have revealed that non-renew-
able energy is a finite pollutant and associated with various 
health hazards (Ali et al. 2020; Destek and Sarkodie 2019; 
Feron et al. 2019; Wang and Dong 2019). Hence, the need 
to improve environmental quality by reducing greenhouse 
gases has brought up the appeal for the adoption of renew-
able energy by several researchers (see Ahmed et al. 2020b; 
Asongu et al. 2020; Destek and Sinha 2020; Ibrahiem 2020; 
Khan et al. 2020; Magazzino et al. 2020; Sharif et al. 2020b; 
Vélez-Henao 2020). Renewable energy is clean energy and 
is characterized by low levels of emissions (Maji et al. 2019; 
Nathaniel and Bekun 2021; Nguyen and Kakinaka 2019).

We attempt to make significant contributions to the extant 
literature by being, as far as we know, the first article to 
examine the cointegration between natural resource con-
sumption and environmental quality for a large panel of 44 
African countries. Second, considering that the relationship 
may be asymmetric, as far as we know, this research is the 
first to examine the nonlinear relationship between natural 
resource consumption and carbon emission by employing a 
nonlinear PMG-ARDL approach. Past studies that assessed 
this link either for some panel countries (see, for example, 
Akinlo 2008; Balsalobre-Lorente et al. 2018; Bekun et al. 
2019; Danish 2019; Khan et al. 2021; Wang et al. 2020; 
Wolde-Rufael and Idowu 2017) or for some individual coun-
tries see (for example, Aeknarajindawat 2020; Baloch and 
Suad 2018; Khan et al. 2021; Kwakwa Paul et al. 2020; Shen 
et al. 2021a) assumed a symmetric relationship between nat-
ural resources and carbon emissions. According to Shin et al. 
(2014a), among social sciences, an endemic phenomenon is 
nonlinearity, and for that matter, asymmetry is fundamental 
to the human condition. This position was further elabo-
rated by Granger and Yoon (2002), who also noted that a 
time series might have a hidden cointegration if positive and 
negative series are cointegrated. If a nonlinear relationship is 
confirmed between the variables, the previous authors might 
have arrived at incorrect conclusions due to the misspeci-
fication of models employed. This probably accounts for 
the conflicting results reported by various researchers. The 
current research emphasizes the need to examine the coin-
tegration between natural resource consumption and carbon 
emission in symmetric and asymmetrical cointegrating rela-
tionships. The African continent is heavily endowed with 
natural resources. The issue of its conservation or explora-
tion is an interesting area for research since it links with 

environmental quality. However, despite the growing body 
of literature on the subject, the extant literature has shown 
that very few studies were conducted on the nexus between 
natural resource consumption and carbon emission. The 
essence of investigating the nonlinear cointegration in the 
relationship between natural resource consumption and car-
bon emission in Africa is due to political, technological, and 
economic factors that affect the exploration and consump-
tion of natural resources. Resource booms lead to increased 
demand and consumption, while political instabilities and a 
decline in global commodity prices can adversely affect the 
consumption of natural resources. These phenomena form 
the basis to consider the impact positive shocks and negative 
shocks to resource consumption can have on environmental 
quality on the continent.

The remaining portion of the paper is arranged as follows. 
The second section of the article includes a detailed review 
of previous literature. The third section explains the empiri-
cal modeling, methodology, and data. The fourth section 
analyzes the empirical results and detailed discussions of 
the findings. The fifth section, the last section, delivers the 
conclusions from the study’s findings and provides some 
policy implications.

Literature review

The current study examines the role of natural resource con-
sumption, economic development, energy consumption, and 
urbanization in SSA countries’ environmental quality. The 
literature is divided into four sections to elaborate on the 
relationship between the variables.

Nexus between natural resources and CO2 emissions

Several studies have investigated the nexus between natural 
resources and CO2 emissions by incorporating numerous 
econometric models for time series and panel data. None-
theless, mixed outcomes were found in these studies con-
cerning natural resources and CO2 emissions. Bekun et al. 
(2019) assessed the impact of energy consumption, natural 
resource rent, and economic growth on CO2 emissions for 
sixteen European Union countries. With the panel mean 
group method applied to the data, which covers a period 
from 1996 to 2014, the authors observed that energy con-
sumption, natural resource rent, and economic growth had 
a long-term adverse effect on the quality of the environment 
of the European Union countries. Moreover, the impact of 
economic growth, natural resources, and energy consump-
tion on Pakistan’s CO2 emissions was examined by Baloch 
and Suad (2018) from 1990 to 2013. The authors used the 
autoregressive distributive lag (ARDL) technique to establish 



	 Environmental Science and Pollution Research

1 3

that natural resources have a negative effect on environmental 
quality.

Aeknarajindawat et  al. (2020) also found that natural 
resources positively affected CO2 emission when they applied 
the autoregressive integrated moving average approach to data 
for Malaysia covering 2008 to 2017. Kwakwa et al. (2020) 
assessed the effect that natural resource extraction has on 
CO2 emissions in Ghana from the period 1971 to 2013. The 
authors found that the extraction of Ghana’s natural resources 
increased energy consumption and CO2 emissions, thus reduc-
ing the environmental quality. Shen et al. (2021b) used the 
cross-sectional augmented autoregressive distributed lags 
(CS-ARDL) techniques to investigate the nexus between 
natural resources investment and CO2 emissions in China. 
The authors used data from 1995 to 2017 and established that 
natural resources positively affect CO2 emissions. A more 
elaborative study on China was conducted by Umar et al. 
(2020) to examine the nexus between determinants of CO2 
emissions from 1980 to 2017.

Similarly, the authors revealed that China’s natural 
resources have a positive relationship with its CO2 emis-
sions. Moreover, Wang et al. (2020) examined the role finan-
cial development and natural resources play in regulating 
the emissions of CO2 for the G-7 economies. The empirical 
findings from the study revealed that both economic growth 
and natural resources cause an increase in CO2 emissions.

In contrast, natural resources and renewable electricity 
were observed to reduce CO2 emissions in a study conducted 
by Balsalobre-Lorente et al. (2018). The authors found these 
revelations when they used the panel least squares (PLS) 
model to investigate the effect electricity, natural resources, 
and economic growth had on CO2 emissions for five Euro-
pean Union countries. Moreover, Khan et al. (2021) observed 
that natural resources could be used to regulate CO2 emis-
sions in the USA. Shahabadi and Feyzi (2016) also observed 
that natural resources combined with the attraction of foreign 
direct investment (FDI) contribute to environmental quality in 
developed countries. When investigating the nexus between 
natural resource abundance and environmental degradation, 
the authors made this observation. Interestingly, Bekun et al. 
(2019) established that total natural resource rents minimize 
CO2 emissions only in the short run, while natural resource 
rent has a positive relationship with CO2 emissions in the long 
run. Danish et al. (2019) also observed dynamic relationships 
between natural resource abundance and CO2 emissions for 
the BRICS countries when they applied the augmented mean 
group (AMG) model to data covering from 1990 to 2015. The 
results from the study showed that natural resources reduce 
pollution in Russia, but in South Africa, it contributes to CO2 
emissions. By far, the empirical findings from previous litera-
ture can be observed to be inconclusive when it comes to the 
effect of natural resources on environmental quality, particu-
larly in the SSA countries.

Nexus between energy consumption and CO2 
emissions

Muhammad (2019) applied both the generalized method of 
moments (GMM) and system (GMM) techniques to exam-
ine the nexus between economic growth, CO2 emissions, 
and energy consumption for the Middle East and North 
African (MENA) countries. The author’s result showed 
that in the long run, an increase in energy consumption 
has an adverse effect on environmental quality. Moreover, 
a bidirectional causality link was found between energy 
consumption and CO2 emissions in Kuwait in a study by 
Wasti and Zaidi (2020), who also applied the ARDL and 
Granger causality test. Similarly, Alola et al. (2019) incor-
porated the PMG-ARDL technique to examine the relation-
ship between energy consumption and ecological footprint 
for fourteen European countries. The authors found that 
during the study period, the consumption of non-renewable 
energy reduces environmental quality. The consumption 
of renewable energy also does not improve environmen-
tal sustainability. Another study by Bhat (2018) used the 
panel ARDL method to investigate the effect of economic 
growth and energy consumption on carbon dioxide for a 
period spanning from 1996 to 2016. The results revealed 
that non-renewable energy consumption increases CO2 
emissions. A similar outcome was confirmed by Sulaiman 
and Abdul-Rahim (2017) when they applied the ARDL 
model to assess the nexus between CO2 emissions, eco-
nomic growth, and energy consumption in Malaysia from 
1975 to 2015.

In contrast, the usage of the quintile ARDL approach 
by Sharif et al. (2020a) to examine the effect of Turkey’s 
energy consumption on its ecological footprint over the 
period 1965 to 2017 found the consumption of renewable 
energy improves the quality of the environment in the long 
run. With the application of the dynamic least squares 
(DOLS) and fully modified least squares (FMOLS) on 65 
belt-and-road countries, Rauf et al. (2020) also observed 
that renewable energy and financial development improved 
environmental quality when the authors were investigating 
energy consumption and ecological challenges. Destek and 
Sinha (2020) used data from Organization of Economic Co-
operation and Development (OECD) countries from 1980 to 
2014 to study the relationship between renewable energy, 
non-renewable energy, and ecological footprint. The authors 
observed that renewable energy increases environmental 
quality, while non-renewable energy increases environmen-
tal degradation. Hanif (2018) similarly found that renewable 
energy helps reduce the emissions of CO2 and consumption 
of fossil fuels rather than increases CO2 emissions when the 
author investigated the impact of urban expansion, economic 
growth, and energy consumption on CO2 emission in SSA 
countries.
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Liu et al. (2022a) employed the quantile regression meth-
odology to determine the link between renewable energy 
consumption, technological innovation, and the quality 
of institutions in formulating SDG policies for emerging 
nations. They found an inverse relationship between renew-
able energy consumption, technological innovations, insti-
tutional quality, and carbon emission. Economic growth 
and population also contributed to carbon emissions in the 
sample studied. Anwar et al. (2022) reassessed how tech-
nological policies, economic development, and the qual-
ity of institutions influence the reduction of environmental 
degradation in emerging seven (E-7) countries using panel 
quantile regression from 1996 to 2020. They reported that 
renewable energy consumption, technological innovation, 
and the quality of institutions contribute to reducing carbon 
emissions in the panel studied. Economic growth and popu-
lation were however found to increase the carbon emission. 
Analyzing the asymmetric effect of green innovation, renew-
able energy, and globalization on sustainable environment 
using a novel model, method of moment quantile regres-
sion (MMQR), Sun et al. (2022a) in their findings reported 
that globalization is a contributor to carbon emissions while 
renewable energy consumption is associated with a decline 
in carbon emissions. Habiba et al. (2022) further assessed 
the link between financial development, green technol-
ogy innovations, renewable energy, and carbon emissions 
among the top twelve emitters from 1991 to 2018 using 
the Dumitrescu and Hurlin (D-H) causality test. Results, as 
presented, revealed financial development contributes to an 
increase in carbon emissions. However, renewable energy 
and green technology innovations were found to reduce car-
bon emissions. Edziah et al. (2022), in a study of 18 Sub-
Saharan African countries, sought to establish the influence 
exogenous technological factors play in carbon emissions. 
Their research findings reported revealed that renewable 
energy consumption and machinery imports accounted for 
a decline in carbon emission in the sample analyzed. Nota-
bly, a positive link between R&D and carbon emission was 
identified in the sampled region. Liu et al. (2022b) integrated 
environmental innovation in modeling the nexus between 
public-private partnership and transport emissions. Using 
the quantile ARDL (QARDL) technique, the authors found 
that public-private partnership and environmental innovation 
decrease carbon emissions at various quantiles.

Nexus between urbanization and CO2 emissions

The role of urbanization in the growth of a country’s envi-
ronmental profile is crucial, and it can be a deciding factor 
for the entire concept of a nation’s green environment. Yuan 
et al. (2019) identified urbanization as an important cause of 
noise pollution, which harms the environment. This situation 
worsens when many people relocate to the urban areas and 

tackle the congestion issue, i.e., construction of high-rise 
residential buildings, which eventually increases noise pol-
lution. The study recommended policymakers ensure owners 
of residential buildings consider spatial building designs to 
resolve challenges of the environment. In Tunisia, Farhani 
and Ozturk (2015) observed that urbanization and financial 
development increase CO2 emissions, while trade open-
ness contributes to the reduction in the emissions of CO2. 
Another study was done by Martínez et al. (2018) to investi-
gate the understanding of urbanization concerning the miti-
gation of environmentally degrading activities. The results 
of the study revealed that urbanization does play a role in 
climate change. Furthermore, Ahmed et al. (2019) analyzed 
the nonlinear relationship between CO2 and urbanization for 
Indonesia with data spanning from 1971 to 2014 while also 
controlling for economic growth and energy intensity. The 
authors established from their results that energy intensity, 
urbanization, and economic growth all have a positive rela-
tionship with CO2 emissions in Indonesia.

Indonesia was again chosen as a study area by Kurniawan 
and Managi (2018), who examined the impact of urbaniza-
tion and trade on the consumption of coal for the period 
1970 to 2015. The study results showed that both urbaniza-
tion and trade increase coal usage, thereby reducing the envi-
ronmental quality. This prompted the authors to recommend 
policies that ensured the reduction in coal consumption in 
Indonesia for the environment to be sustainable. Shahbaz 
et al. (2019) found in their study that urbanization and glo-
balization positively affect emissions, while trade and insti-
tutional quality reduce environmental degradation. Using 
data covering 1997 to 2016 for 30 Chinese provinces, Li 
et al. (2019b) investigated the effects of modernization on 
CO2 emissions in China. The authors discovered that during 
the study period, urbanization positively affected CO2 emis-
sions. Duan et al. (2022) initiated the decoupling method to 
explore the decoupling relationship between demographic, 
spatial, economic and social urbanization, and carbon emis-
sions in 33 African countries. The results show that all four 
types of urbanization adversely affect carbon emissions 
within the study period. The relationships among renew-
able energy consumption, urbanization, economic growth, 
and carbon emissions in the MENA region from 1991 to 
2019 was investigated by Sun et al. (2022b) using continu-
ously updated fully modified and bias-corrected methods. 
The results indicated that rapid urbanization and economic 
growth contributed to higher carbon emissions.

Similarly, urbanization and energy consumption in high-
income countries were found to have a positive correlation 
with carbon emissions when Azizalrahman (2019) explored 
the impact urbanization has on carbon emissions with a 
comparative analysis of lower-middle income, upper-middle 
income, and high-income groups of countries. More studies 
also support the negative relationship between urbanization 
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and CO2 emissions (Fan and Zhou 2019; Wang and Zhao 
2018; Wang et al. 2019). In contrast, Lin et al. (2017) and 
Adams and Klobodu (2018) found that urbanization had no 
significant effect on carbon emissions in low-income coun-
tries and Africa, respectively, while economic growth sig-
nificantly contributed to CO2 emissions.

Nexus between economic growth and CO2 emissions

Numerous studies have been conducted on the nexus 
between economic growth and environmental degradation. 
Grossman and Krueger (1995) advanced the theory of the 
environmental Kuznets curve (EKC), which was first devel-
oped in the 1950s to 1960s by the economist Simon Kuznets. 
This hypothesis established that as an economy grows at an 
early stage, it has an adverse effect on the environmental 
quality just for it to reduce the emissions of harmful gases at 
a later stage after the turning point. Selden and Song (1994) 
associated this phenomenon with environmental awareness. 
This implies that the evolution of economic development 
and its impact on the quality of the environment is conveyed 
through a U-shaped function (Stern 2004). Since then, there 
have been different opinions surrounding this theory.

Some experts have the opinion that a country’s economic 
development does have a positive impact on the reduction 
of its CO2 emissions. They assume that the growth in the 
economy results in technological development. Thus, com-
panies allocate money for improvements in their practices, 
allowing them to improve efficiency and compete in the 
market. Moreover, since the global warming situation is 
now being treated as urgent and support projects and pro-
grams regarded as environmentally friendly. For instance, 
in a study by Lanoie et al. (1998), the authors revealed that 
the market could reduce the emissions of CO2 simply by 
stimulating companies to conform to environmental regula-
tions. Studies such as Birdsall and Wheeler (1993), Frankel 
and Rose (2002), and Frankel and Romer (1999) support 
this hypothesis which established that the growth of an 
economy could cause environmentally friendly technology 
to be implemented, which will result in the reduction of CO2 
emissions. Bello and Abimbola (2010), Islam et al. (2013), 
and Wang and Jin (2007) affirm that economic growth will 
alert companies to incorporate laws regarding the protec-
tion of the environment. Another study by Kumbaroğlu 
et al. (2008) implied that economic growth contributes to 
the ease in developing the technological domain to reduce 
CO2 emissions. Other studies that have tested and confirmed 
the presence of the EKC curve for different countries are 
Acaravci and Ozturk (2010) for European countries, Apergis 
and Ozturk (2015) for Asian countries, and Aldy (2005) for 
specific states of the USA.

However, other studies observed that economic growth 
instead increases the level of pollution. They reveal a 

negative relationship between these 2 study variables. 
Tamazian et al. (2009) claimed that the level of emissions 
of CO2 demonstrates every country’s economic growth, 
implying that the fastest-growing countries have the 
most significant levels of energy consumption and thus 
emit the highest levels of CO2. The study further attrib-
uted economic growth as the main factor in the increase 
of CO2 emissions and pollution. In the case of Indone-
sia and Malaysia, Shahbaz (2009) admitted in their study 
that although private sector investment contributes to the 
reduction in CO2 emissions, foreign investments still cause 
an increase in the emission of this harmful gas. Also, 
results from a study by Chebbi et al. (2011) show how 
economic development has adverse effects on the level 
of pollution. Abbasi and Riaz (2016) further linked the 
growth in the emission of CO2 to the economic blooming 
of the private sector. A similar conclusion was made by 
Jalil and Feridun (2011) when they conducted research 
using China as a case study. Yang et al. (2012) claimed 
that studies concerning the evolution of the EKC only 
showed the influence of economic development on pollu-
tion rather than concentrating on the dynamic relationship 
between the two variables. Employing the STRIPAT and 
quantile regression models, Wen et al. (2022) investigated 
the asymmetric effect of ICT, economic growth, popula-
tion, renewable energy consumption, and financial devel-
opment on carbon emissions in MINT nations.

Findings from the study revealed that ICT and renew-
able energy adversely affect carbon emissions. In contrast, 
population, economic growth, and financial development 
contribute positively to carbon emissions from 1990 to 
2018. Anwar et al. (2022) conducted empirical studies using 
data from E7 countries and applying quantile regression to 
analyze the heterogeneous effect of technological innova-
tion, the quality of institutions, population, trade open-
ness, per capita income, and population. Reported findings 
revealed an inverse link between the quality of institutions, 
technological innovation, and carbon emissions. Whereas, 
economic growth was also found to lead to environmental 
unsustainability in E7 countries. In another study, Anwar 
and Malik (2021) investigated the impact of technological 
innovation and the quality of institutions on environmental 
deterioration among the G-7 countries. Economic growth 
and population were identified as contributing to the surge 
in carbon emissions. In contrast, the quality of institutions, 
technological innovation, and renewable energy account for 
a decline in environmental degradation. In a panel study 
using 141 countries divided into upper, middle-, and lower-
income countries to assess the effects of economic globali-
zation on energy efficiency, Liu et al. (2023) revealed that 
economic globalization improves energy efficiency only in 
upper-middle- and lower-middle income countries and not 
in high- and lower-income countries.
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Data and methodology

Data description

In the empirical segment of our research, we analyze the 
total natural resource rents and carbon emission relation-
ship, thus the effects of total natural resource consumption 
and environmental quality in Africa. Our dependent variable 
is CO2 emission averaging 22.767 MMtonnes. We include 
significant determinants of carbon emission based on exist-
ing literature as follows: urbanization (urban population), 
GDP per capita (current US$) to proxy economic growth, 
and total natural resource rents (% of GDP) as a proxy for 
natural resource consumption. The World Bank computes 
total natural resource rents as the sum of natural gas rents, 
oil rents, coal rents (hard and soft), forest rents, and mineral 
rents. We also use energy consumption qbtu (quadrillion 
British thermal units) as an additional regressor. All vari-
ables are naturally log transformed to enable the interpreta-
tion of coefficients as elasticity. Energy consumption and 
carbon emission data were sourced from US Energy Infor-
mation Administration (EIA). We obtained GDP per capita, 
total natural resource rents, and urbanization data from the 
World Bank Development Indicators (WDI) database. Our 
data set covers annual data from 2000 to 2019 for 44 Afri-
can countries. Data availability dictated the choice of the 
period and countries employed for the research. The panel 
of countries used for the study is Angola, Benin, Botswana, 
Burkina Faso, Burundi, Carbo Verde, Cameroon, Chad, Cen-
tral African Republic, Comoros, Congo Republic, Congo 
DRC, Ivory Coast, Djibouti, Eswatini, Ethiopia, Gabon, 
Gambia, Ghana, Guinea, Guinea Bissau, Kenya, Lesotho, 
Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius, 
Mozambique, Niger, Nigeria, Rwanda, Senegal, Seychelles, 
Sierra Leone, South Africa, Sudan, Tanzania, Togo, Uganda, 
Zambia, and Zimbabwe.

Research method

Using a panel data model to examine the association 
between total natural resource consumption and carbon 
emission has numerous benefits in empirical studies. For 
instance, it assists in simultaneously considering the cross-
sectional characteristics between countries. It captures the 
dynamic interconnection between the total natural resource 
rents and carbon emissions. Furthermore, there is higher 
efficiency in estimations due to an increase in the degree of 
freedom due to many observations. Interpreting estimation 
results generated from analysis for cross-sectional data or 
panel time-series data is more comprehensive. Therefore, 
we employed the panel model pooled mean group (PMG) 
ARDL proposed by Pesaran et al. (1999), which is noted 

to take into consideration a lower magnitude of hetero-
geneity, as it applies homogeneity in the long-run coeffi-
cients while simultaneously allowing heterogeneity in the 
short-run coefficients as well as the error variance. It also 
allows a combination of I(0) and I(1) stationary variables 
and does not allow I(2) variables. Our study involves 44 
cross-sections and 20-year time series, which the model 
can well take care of since it can be applied even in the 
case of a small sample size.
We select the regressors of carbon emission following a 
similar study by Altinoz and Dogan (2021). Following this 
study, the empirical linkages between carbon emission and 
resource consumption, GDP per capita, urbanization, and 
energy consumption are formulated using the following 
linear equation:

where CO2 is the carbon emission; NRR represents natural 
resource consumption; URB denotes urbanization; EC 
indicates energy consumption and GDPPC is GDP per 
capita; εit is the error term; i is the individual group index 
representing the various countries where i is 1,2,3,4,…, 
N; and t is the time index (that is 2000–2019). All the 
variables employed in the study are transformed into natural 
logarithms.

Meanwhile, total natural resource rents may be expected to 
have different effects on countries’ carbon emissions depend-
ing on the level of natural resource exploration in the coun-
try. Shin et al. (2014b) argued that nonlinearity is endemic 
within social sciences, and nonlinearity is fundamental to the 
human condition. Granger and Yoon (2002) further posited 
that a time series can have hidden cointegration if positive and 
negative series are cointegrated. In other words, negative total 
natural resource rent (resource consumption) shocks do not 
have an equivalent effect with positive total natural resource 
rent shocks. Hence, we partition total natural resource rent 
(resource consumption) shock in Eq. (2) into positive and 
negative total natural resource rents; thus, the revised equa-
tion asymmetric form becomes

where NRR+ and NRR− denote the positive and negative 
total natural resource rent (resource consumption) shocks, 
respectively.

The linear PMG ARDL model

We start our empirical analysis by assuming a linear 
response of carbon emission to changes in resource con-
sumption (total natural resource rents) and other regres-
sors. Subsequently, we relax this assumption to allow for 

(1)
CO2it = �0 + �1NRRit + �2URBit + �3ECit + �4GDPPCit + �it

(2)
CO2it = �0 + �1NRR

+

it
+ �1NRR

−

it
+ �2URBit + �3ECit + �4EGit + �it
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positive and negative changes in resource consumption 
(total natural resource rents). Therefore, the symmetric 
form of the panel ARDL is given as

(3)
ΔYit = �0i + �1iY1i,t−1 + �2iXi,t−1 +

∑N1

j=1
Yij�ijΔYi,t−j +

∑N2

j=0
�ijΔXt−j + �i + �it

where Yit is the natural log of carbon emission for each unit 
i over a period of time t; Xt represents the log of total natu-
ral resource rents at period t; μiis the group-specific effect; 

Table 1   Summary descriptive 
statistics

CO2 URB GDP NRR EC

 Mean 22.767 8,397,668.000 2090.308 11.258 0.344
 Median 2.981 4,010,951.000 984.736 7.446 0.062
 Maximum 479.429 103,000,000.000 16,213.480 67.918 5.728
 Minimum 0.096 40,917.000 111.927 0.001 0.001
 Std. dev. 71.310 12,634,459.000 2670.954 11.657 0.924
 Skewness 5.048 3.504 2.456 2.011 4.248
 Kurtosis 29.655 19.446 9.581 7.493 21.601
 Jarque-Bera 31,785.770 12,504.790 2638.993 1422.853 16,361.530
 Probability 0.000 0.000 0.000 0.000 0.000
 Observations 940 940 940 940 940

i = 1, 2, 3, 4, 5, 6, 7………… ,N; t = 1, 2, 3, 4, 5, 6, 7………… ., T

i is the sampled units, and t is the number of periods. For 
every cross-section, the long-run slope (elasticity) coeffi-
cient is computed as− �2i

�1i
 since in the long run, it is assumed 

that ∆Yi, t − j = 0 and ΔXt − j= 0. Therefore, the short-run 
estimate for total natural resource rents is obtained as γij. 
Equation (3) can be re-specified to include an error-cor-
rection term as follows:

where υi, t − 1 = Yi, t − 1- ϕ0i - ϕ1i Xt − 1 represents the linear error 
correction term for every unit; the parameter δi is the error-
correcting speed of adjustment term for every unit, which is 
also equivalent to β1i. The parameters ϕ0i and ϕ1i are computed 
as − �0i

�1i
 and − �2i

�1i
 , respectively. It can be observed that in both 

Eqs. (3) and (4), there are no decompositions of total natural 
resource rent (resource consumption) into positive and negative 
changes; hence, the assumption of linear impact of total natural 
resource rents on carbon emission under this scenario.

The nonlinear panel ARDL model

Unlike the linear case, this panel ARDL referred to as non-
linear panel ARDL allows for an asymmetric response of 
total natural resource rents (resource consumption) to carbon 
emission. Thus, in this case, positive and negative effects are 

(4)ΔYit = �i�i,t−1 +

N1
∑

j=1

�ijΔYi,t−j +

N2
∑

j=0

�ijΔXt−j + �i + �it

not expected to have identical impacts on carbon emission. 
Thus, the nonlinear version of Eq. (3) is presented below:

Descriptive statistics

Table  1 presents a descriptive analysis of 44 African 
countries from 2000 to 2019. It shows averages, standard 
deviations, and minimum and maximum observations. 
Carbon emission averaged 22.767 MMtonnes against 
a maximum value of 479.429 MMtonnes. However, 
urbanization has an average of 8,397,668.000 and a 
maximum value of 103 million. The GDP per capita, which 
recorded an average value of 2090.308 (current US$), has a 
maximum value of 16,213.480.

On the other hand, the total natural resource rent 
reports an average of 11.258 (% of GDP) and a maximum 
value equal to 67.918 (% of GDP). The average energy 
consumption is 0.344 (quad Btu), and the maximum value 
is 5.728 (quad Btu). Furthermore, the results show that the 
data are highly skewed and not fairly symmetrical since all 
the figures reported are greater than 1.

(5)

ΔYit = �0i + �1iY1i,t−1 + �+
2i
X+

i,t−1
+ �−

2i
X−

i,t−1

+

∑N1

j=1
Yij�ijΔYi,t−j

+

∑N2

j=0

(

�+
ij
ΔX+

t−j
+ �−

ij
ΔX−

t−j
+ �i + �it
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Cross‑sectional dependence tests

Before performing the stationarity tests, we first test for 
the presence of cross-sectional dependence in our panel 
data. The results of the test are presented in Table 2. 
The null hypothesis of the test states no cross-sectional 
dependence. If the p-value of the Pesaran’s CD statistic 
is less than the usual significance levels, the null hypoth-
esis is rejected. As shown in the CD statistics and the 
corresponding p-values of the Pesaran’s CD test, the null 
hypothesis of no cross-sectional dependence in the panel 
and individual variables is rejected at all normal statisti-
cal significance levels. Therefore, it implies strong evi-
dence of cross-sectional dependence in the data employed 
for this study. The issue of cross-sectional dependence is 
subsequently considered by applying an appropriate panel 
unit root test.

Panel root tests

Before proceeding to the analysis, we establish the order 
and verify that all variables chosen in the study are inte-
grated in the same order, a prerequisite of the PMG model. 
The unit root test results for the panel data of the African 
countries are reported in Table 3. In econometrics analysis, 
the stationarity test is pertinent to circumvent the spurious 
regression trap. Because of the cross-sectional dependence 
reported in the CSD tests, we apply two second-genera-
tion panel unit root tests, which are more efficient than the 
first-generation panel unit root tests. These tests are the 
cross-sectional augmented IPS (CIPS) test and the cross-
sectionally augmented Dickey-Fuller (CADF) panel unit 
root estimator developed by Pesaran and Yamagata (2008). 
The null hypothesis of both tests assumes that all series 
are non-stationary, while the alternative hypothesis states 
that some of the series are stationary. Results from the two 
tests show that all the variables are integrated of order one 
except urbanization (URB) which is not integrated at the 
level and first difference in the case of the CIPS test. From 
the results, we can conclude that all series are mixed-order 
integrated.

Results and discussions

We estimate the various equations using the M.G. and PMG esti-
mators and subject the results from the two models to a Hausman 
test. The Hausman test of long-run homogeneity of coefficients is 
applied to ascertain which estimator is more appropriate.

We first estimate all the equations with the M.G. and PMG 
estimators, and then we subject the results from these estima-
tors to the Hausman test. A non-rejection of the null hypoth-
esis implies the adoption of the PMG estimator, while the 
rejection indicates the adoption of the M.G. estimator. In other 
words, the PMG estimator is the efficient estimator under the 
null, while the M.G. estimator is the efficient estimator under 
the alternative hypothesis. Our Hausman test results substan-
tially support the PMG as the preferred estimator since the 
p-values reported in the linear (see Table 7) and nonlinear 
(see Table 8) models are greater than 0.05. Therefore, the 
PMG estimations are the only results discussed in this study.

Panel cointegration tests

We test the null of no cointegration after confirming that all 
the variables are I(1). We first report Pedroni (1999), ADF-
based Kao (1999), ADF-based tests, and Johansen Fisher 
panel cointegration test. The panel cointegration test results 
presented in Table 4 show that in the Pedroni test, four out of 
the seven tests suggest the rejection of the no cointegration. 
It implies the existence of long-run cointegration between 

Table 2   Cross-sectional 
dependence tests

***, **, * denote 1%, 5%, and 10% statistical significance levels, respectively

Residual cross-section dependence test (panel)

Pesaran CD Statistic Probability

7.759 0.000
Cross-section dependence test (individual variable)
Pesaran CD Variables CO2 EC GDP NRR URB

Statistic 71.345*** 91.495*** 122.712*** 37.853*** 142.982***

Table 3   Second generation panel unit root tests

***, **, * denote 1%, 5%, and 10% statistical significance levels, 
respectively

Variables CIPS CADF

I(0) I(1) I(0) I(1)

CO2 − 2.263** − 4.264*** 1.971 (0.052) 2.838 (0.0000)
E.C. − 2.125** − 4.105*** 2.072 (0.011) 3.249 (0.0000)
GDP − 2.618*** − 4.110*** 2.228 (0.0000) 3.326 (0.0000)
URB − 1.410 − 1.009 2.959 (0.0000) 2.315 (0.0000)
NRR − 1.957 − 3.584*** 1.97 (0.053) 2.716 (0.0000)
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variables. Also, the Kao and Johansen Fisher panel tests 
confirm cointegration among the variables (Tables 5 and 6).

The symmetric M.G. and PMG estimation results

The empirical results in Table 7 show that the error-correction 
coefficient is statistically significant and negative as required 
and is estimated at − 0.53. It means that approximately 53% 
of disequilibrium from the past year’s shock was eliminated 
in the current year. The linear PMG estimation from the study 
reveals that an increase in resource consumption proxied as 
total natural resource rents of the continent have an insignifi-
cant link to carbon emissions in Africa. Thus, a 1% increase in 
total natural resource rents leads to a 0.004% increase in car-
bon emission; however, the impact, as reported with a p-value 
of 0.634, is statistically insignificant in the long run. Kwakwa 
et al. (2020) also found that in Ghana, the extraction of min-
eral resources leads to increased carbon emissions. Contrary 
to findings by Danish et al. (2019), when they analyzed the 
relationship between natural resources and pollution, show 
that natural resources reduce pollution in Russia.

The PMG estimations show that economic development 
has a statistically significant effect on environmental quality 
in Africa. A 1% increase in economic development on the 
continent results in a 0.036% decline in carbon emission 
in the long run. This means that economic Africa’s growth 
over the two decades is not associated with a surge in carbon 
emission. This is contrary to what Tamazian et al. (2009) 
posited that the level of emissions of CO2 demonstrates 
the economic growth of every country, implying that the 

Table 4   Pedroni residual cointegration test

Alternative hypothesis: common A.R. coefs. (within dimension)

Weighted

Statistic Prob. Statistic Prob.

Panel v-statistic 0.233704 0.4076 − 2.417469 0.9922
Panel rho-statistic 1.108203 0.8661 1.150417 0.8750
Panel PP-statistic − 6.922722 0.0000 − 7.923427 0.0000
Panel ADF-statistic − 2.504728 0.0061 − 4.884466 0.0000
Group rho-statistic 3.656118 0.9999
Group PP-statistic − 11.13881 0.0000
Group ADF-statistic − 3.972175 0.0000

Table 5   Johansen Fisher panel cointegration test

Hypothesized Fisher stat. Fisher stat.
no. of CE(s) (from trace test) Prob. (from max-eigen 

test)
Prob.

None 1862. 0.0000 1276. 0.0000
At most 1 911.4 0.0000 639.5 0.0000
At most 2 390.9 0.0000 293.1 0.0000
At most 3 194.4 0.0000 153.4 0.0001
At most 4 173.4 0.0000 173.4 0.0000

Table 6   Kao residual cointegration test

t-statistic Prob.

ADF − 4.157257 0.0000

Table 7   Symmetric results of long-run and short-run models

*, **, and *** represent “statistical significance” at 10%, 5%, and 1%, 
respectively. Also, M.G. denotes the mean group and PMG denotes 
the pooled mean group

MG PMG

Variables
  Long-run estimates
  NRR − 0.009 (0.779) 0.004 (0.634)
  GDP − 0.060 (0.410) − 0.036*** (0.005)
  EC 1.036*** (0.000) 1.054*** (0.000)
  URB − 0.086 (0.814) 0.033 (0.387)
Error correction − 0.879 (0.000) − 0.538*** (0.000)
NRR − 0.007 (0.800) 0.021 (0.234)
GDP 0.033 (0.629) 0.047 (0.462)
EC − 0.023 (0.766) 0.164** (0.044)
URB − 12.362 (0.234) − 2.998 (0.500)
Constant − 0.564 (0.890) 2.273*** (0.000)
Hausman 0.7 (0.95)

Table 8   Asymmetric results of long-run and short-run models

*, **, and *** represent “statistical significance” at 10%, 5%, and 1%, 
respectively. Also, M.G. denotes the mean group and PMG denotes 
the pooled mean group

MG PMG

Variables
  Long-run estimates
  NRR+ 0.192* (0.063) 0.017* (0.053)
  NRR- 0.260* (0.062) 0.044*** (0.000)
  GDP − 0.095 (0.516) − 0.038** (0.002)
  EC 0.532* (0.093) 1.094*** (0.000)
  URB 0.287 (0.609) − 0.048 (0.127)
Error correction − 0.865*** (0.000) − 0.495*** (0.000)
NRR+ 0.047 (0.223) 0.024 (0.222)
NRR- − 0.040 (0.273) − 0.017 (0.368)
GDP 0.041 (0.663) 0.046 (0.509)
EC 0.034 (0.712) 0.195** (0.022)
URB − 18.523 (0.067) − 2.383 (0.573)
Constant 1.488 (0.780) 2.729*** (0.000)
Hausman 1.7 (0.89)
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fastest-growing countries have the most significant levels of 
energy consumption and thus emit the highest levels of CO2. 
However, Kumbaroğlu et al. (2008) noted that economic 
growth contributes to technological advancement, reducing 
long-run carbon emissions.

Moreover, the study found that a 1% change in energy 
consumption would lead to an approximately 1.05% increase 
in carbon emissions in the long run. It can be deduced that 
energy consumption significantly contributes to Africa’s 
rise in carbon emissions. Our findings are consistent with 
what Yu-Ke et al. (2021) reported, who found that energy 
consumption from conventional sources increases carbon 
emissions in the G-20 countries studied. Africa’s growing 
population and development drive have resulted in high 
demand for energy, mostly from non-renewable sources, 
probably accounting for the increase in carbon emission. 
This phenomenon is not only limited to Africa, as evidence 
provided in a study conducted by Muhammad (2019) in 
the Middle East and North African (MENA) countries also 
confirmed that an increase in energy consumption affected 
environmental quality adversely.

Furthermore, as reported, no statistically significant rela-
tionship exists between urbanization and carbon emissions 
on the continent in the long run. It implies, therefore, that 
Africa’s rapid growth in urban population increases carbon 
emissions, although the impact is found to have no signifi-
cance in the long run. Martínez et al. (2018) concurred that 
urbanization does play a role in climate change.

The asymmetric M.G. and PMG estimation results

Now, we test the panel data of the 44 African countries by 
employing the nonlinear pooled mean group (PMG) model, 
as reported in Table 8. Findings published show that the 
variables are cointegrated where the error correction coef-
ficient is significant and negative as required. This provides 
evidence for a long-run relationship between urbanization, 
economic growth, resource consumption, energy consump-
tion, and carbon emission in Africa.

Regarding the asymmetric relationship between total 
natural resource rents and carbon emissions, both positive 
and negative changes in total natural resource rents result 
in a significant increase in carbon emission, contrary to an 
insignificant positive relationship reported in the symmetric 
framework. Our findings reinforce the position of Sarkodie 
and Adams (2018), who noted that the consumption of natu-
ral resources via deforestation, agricultural activities, and 
mining influences the environment. Most African countries 
depend mainly on exploring natural resource endowment 
and agricultural activities to drive the growth of their econo-
mies. Due to the weak environmental regulatory frameworks 
in most African countries and public corruption, multina-
tional companies (MNCs) in the extractive sector do not 

adhere to environmentally friendly activities. Most African 
countries also battle illegal mining and illicit felling of trees, 
which may account for the positive relationship between 
natural resource rents and environmental quality reported 
in this study. In a similar study, Yu-Ke et al. (2021) reported 
mineral resources, oil resources, and forest rent make a sig-
nificant positive contribution to carbon emissions in G-20 
countries.

Furthermore, consistent with our findings, Bekun et al. 
(2019) also established that natural resource rents contribute 
to pollution in the E.U. countries. The situation in China is 
not different, as reported in a study by Ahmed et al. (2020b), 
which revealed a positive link between natural resources and 
ecological footprint. It is, however, important to state that 
Khan et al. (2021) made a divergent discovery in the USA 
in a study that asserts that natural resources contribute to the 
improvement of environmental quality consistent with the 
findings of Balsalobre-Lorente et al. (2018).

The present study observes a significant negative link 
between increased economic growth and environmental 
quality in the long run. This is consistent with the negative 
and statistically significant relationship between growth 
and carbon emission in the symmetric model reported 
in Table 7. Economic growth in most African countries 
and, for that matter, the continent is majorly driven by the 
agricultural sector. The industrial sector, which requires a 
high demand for energy consumption, does not play a sig-
nificant role in economic growth in most countries as they 
continue to depend on exporting raw materials. Activities 
in the agricultural sector, which is the backbone of eco-
nomic growth, possibly accounted for the negative link 
established between economic growth and environmental 
quality in our study. Contrary to our findings, Wang et al. 
(2020), in a study, found that economic growth contributes 
to carbon emissions in China. Chebbi et al. (2011) also 
agree that economic development adversely affects pol-
lution levels.

In the nonlinear framework, the study also established 
that a rise in urban population is negatively associated with 
carbon emission; however, the association is not statistically 
significant. The linear estimates also show similar results, 
although with a slightly lower coefficient value. In the case 
of Indonesia, Ahmed et al. (2019) made contrary findings 
that established a positive relationship between urbaniza-
tion and carbon emission. Furthermore, Li et al. (2019a) 
and Azizalrahman (2019) also confirmed that urbanization 
increases carbon emissions in China and high-income coun-
tries, respectively.

Regarding energy consumption, the nonlinear estimates 
are similar to the linear ones, confirming a significant posi-
tive link between energy consumption and environmental 
quality in Africa. The results show that a 1% increase in 
energy consumption, in the long run, has a positive and 
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statistically significant effect of 1.094% on carbon emis-
sions. These findings further reinforce energy’s consider-
able contribution to environmental quality in Africa. The 
gradual growth in the manufacturing sector and an expan-
sion in the transportation sector in Africa led to high demand 
and consumption of fossil fuels. This possibly accounts for 
the adverse effect energy consumption is reported to have 
on carbon emissions in this study. Bhat (2018) found similar 
results, which revealed that non-renewable energy consump-
tion increases CO2 emissions, consistent with the findings of 
Destek and Sinha (2020) in the Organization of Economic 
Co-operation and Development (OECD) countries.

In the short run, no significant relationship existed 
between positive and negative shocks in natural resource 
consumption, urbanization, economic growth, and carbon 
emission. Energy consumption, however, has a significant 
adverse effect on environmental quality.

Conclusion

This paper investigated the impact of natural resource con-
sumption on environmental quality in Africa. Total natural 
resource rents and carbon emissions were used as resource 
consumption and environmental quality proxies, respec-
tively. The linear and nonlinear ARDL panel cointegration 
approach was employed for a panel of 44 African countries 
from 2000 to 2019. The linear estimations show that total 
natural resource rents increase carbon emissions; however, the 
impact is insignificant in the long and short runs. Meanwhile, 
consistent with most previous studies, energy consumption 
was found to significantly increase carbon emissions in the 
long and short runs. Interestingly, growth was reported to 
decrease carbon emissions in the long run, but no significant 
relationship was found in the short run. On the other hand, 
findings from the nonlinear estimations show that a positive 
and negative shock to total natural resource rents in the sam-
ple analyzed increases carbon emission and is significant in 
the long run but not statistically significant in the short run.

From the policy perspective, therefore, it can be con-
cluded that total natural resource rents, irrespective of an 
increase or decline, adversely impact environmental quality 
in Africa. It means mineral-rich countries in Africa must 
encourage the preservation of natural resources. Govern-
ments of Sub-Saharan African countries must enact and 
implement environmental sustainability laws that prevent 
using illegal and unorthodox methods in the resource extrac-
tion sector. Multinational companies in the extractive sector 
must engage in eco-friendly activities and strictly adhere to 
environmental regulations that aim to protect the environ-
ment. African governments must also explore other reve-
nue-generation sources and reduce the over-dependence 

on natural resources. It is also essential for governments 
of resource-rich African countries to use revenue generated 
from natural resource explorations judiciously to offset the 
accompanied carbon emissions due to the resource extrac-
tion activities.

Energy consumption continues to significantly contribute 
to environmental degradation in Africa. Rapid urbanization 
on the continent does not significantly impact ecological 
quality on the continent. Therefore, we recommend poli-
cies that aim to reduce the amount of greenhouse gases in 
the atmosphere to alleviate the increase in planet overall 
temperature and resulting impacts. We entreat policymakers 
in African countries to explore renewable energy sources 
by adequately importing advanced technologies for renew-
able energy production. Governments must endeavor to take 
deliberate policy actions such as withdrawing subsidies 
on fossil fuels and applying such subsidies on renewable 
energy sources, bringing down the cost and making renew-
able consumption affordable. Proper education on the con-
sequences of environmental degradation will go a long way 
to enable citizens to adopt environmentally friendly life-
styles to improve environmental quality. Corporate organi-
zations should be encouraged to channel their corporate 
social responsibility activities into ecological innovation. 
Tax incentive packages in the form of tax waivers should 
be offered to companies that invest in eco-friendly produc-
tion activities that contribute to reducing carbon emissions.

Authors’ contribution  Befeke Larry Chenyi and Bosah Philip Chuk-
wunonso conceived of the presented idea. All authors developed the 
theory and performed the computations and design. Befeke Larry 
Chenyi, Bosah Philip Chukwunonso, and Shaw Williams performed 
material preparation, data collection, and analysis. Huang Delin super-
vised the findings of this work. All authors read and approved the final 
manuscript.

Data availability  The data that support the findings of this study are 
openly available in World Bank Development Indicators (WDI) data-
base, US Energy Information Administration (EIA), as well as in this 
article.

Declarations 

Ethical approval  This research did not contain any studies involving 
animal or human participants, nor did it occur in private or protected 
areas. No specific permissions were required for corresponding loca-
tions.

Consent to participate  All authors of this paper have directly par-
ticipated in the planning, execution, and analysis of this study and 
approved the final version.

Consent for publication  All authors have approved the manuscript 
and agree with its submission to Environmental Science and Pollution 
Research.

Competing interests  The authors declare no competing interests.



Environmental Science and Pollution Research	

1 3

References

Abbasi F, Riaz K (2016) CO2 emissions and financial development 
in an emerging economy: an augmented VAR approach. Energy 
Policy 90:102–114

Acaravci A, Ozturk I (2010) On the relationship between energy 
consumption, CO2 emissions and economic growth in Europe. 
Energy 35(12):5412–5420

Adams S, Klobodu EKM (2018) Financial development and envi-
ronmental degradation: does political regime matter? J Clean 
Prod 197:1472–1479

Adedoyin FF, Alola AA, Bekun FV (2020a) An assessment of envi-
ronmental sustainability corridor: the role of economic expan-
sion and research and development in EU countries. Sci Total 
Environ 713:136726

Adedoyin FF, Gumede MI, Bekun FV, Etokakpan MU, Balsalobre-
Lorente D (2020b) Modelling coal rent, economic growth 
and CO2 emissions: does regulatory quality matter in BRICS 
economies? Sci Total Environ 710:136284

Aeknarajindawat, N., 2020. The impact of natural resources, renew-
able energy, economic growth on carbon dioxide emission in 
Malaysia. 670216917.

Aeknarajindawat N, Suteerachai B, Suksod P (2020) The impact 
of natural resources, renewable energy, economic growth on 
carbon dioxide emission in Malaysia. Int J Energy Econ Policy 
10(3):211

Ahmad M, Zhao Z-Y, Li H (2019) Revealing stylized empirical 
interactions among construction sector, urbanization, energy 
consumption, economic growth and CO2 emissions in China. 
Sci Total Environ 657:1085–1098

Ahmed Z, Asghar MM, Malik MN, Nawaz K (2020a) Moving 
towards a sustainable environment: the dynamic linkage 
between natural resources, human capital, urbanization, eco-
nomic growth, and ecological footprint in China. Resour Policy 
67:101677

Ahmed Z, Wang Z, Ali S (2019) Investigating the non-linear rela-
tionship between urbanization and CO2 emissions: an empiri-
cal analysis. Air Qual Atmos Health 12(8):945–953

Ahmed Z, Zafar MW, Ali S (2020b) Linking urbanization, human 
capital, and the ecological footprint in G7 countries: an empiri-
cal analysis. Sustain Cities Soc 55:102064

Akinlo AE (2008) Energy consumption and economic growth: evi-
dence from 11 Sub-Sahara African countries. Energy Econ 
30(5):2391–2400

Aldy JE (2005) An environmental Kuznets curve analysis of US state-
level carbon dioxide emissions. J Environ Dev 14(1):48–72

Ali HS, Nathaniel SP, Uzuner G, Bekun FV, Sarkodie SA (2020) 
Trivariate modelling of the nexus between electricity consumption, 
urbanization and economic growth in Nigeria: fresh insights from 
Maki Cointegration and causality tests. Heliyon 6(2):e03400

Alola AA, Bekun FV, Sarkodie SA (2019) Dynamic impact of trade 
policy, economic growth, fertility rate, renewable and non-
renewable energy consumption on ecological footprint in 
Europe. Sci Total Environ 685:702–709

Altinoz B, Dogan E (2021) How renewable energy consumption 
and natural resource abundance impact environmental degra-
dation? New findings and policy implications from quantile 
approach. ENERG SOURCE PART B: Econ, Planning, Policy 
16(4):345–356

Anwar A, Malik S (2021) Cogitating the role of technological inno-
vation and institutional quality on environmental degradation 
in G-7 countries. Int. J. Green Econ 15(3):213–232

Anwar A, Malik S, Ahmad P (2022) Cogitating the role of tech-
nological innovation and institutional quality in formulating 

the sustainable development goal policies for E7 countries: 
evidence from quantile regression. Glob Bus Rev

Apergis N, Ozturk I (2015) Testing environmental Kuznets curve 
hypothesis in Asian countries. Ecol Indic 52:16–22

Asongu SA, Agboola MO, Alola AA, Bekun FV (2020) The criticality 
of growth, urbanization, electricity and fossil fuel consumption to 
environment sustainability in Africa. Sci Total Environ 712:136376

Asongu SA, Odhiambo NM (2019) Environmental degradation and 
inclusive human development in sub-Saharan Africa. Sustain 
Dev 27(1):25–34

Azizalrahman H (2019) A model for urban sector drivers of carbon 
emissions. Sustain Cities Soc 44:46–55

Baloch MA, Suad S (2018) Modeling the impact of transport energy 
consumption on CO2 emission in Pakistan: evidence from ARDL 
approach. Environ Sci Pollut Res 25(10):9461–9473

Balsalobre-Lorente D, Shahbaz M, Roubaud D, Farhani S (2018) How 
economic growth, renewable electricity and natural resources 
contribute to CO2 emissions? Energy Policy 113:356–367

Bank W (2016) Poverty and shared prosperity 2016: taking on inequal-
ity. The World Bank

Bekun FV, Alola AA, Sarkodie SA (2019) Toward a sustainable envi-
ronment: nexus between CO2 emissions, resource rent, renew-
able and nonrenewable energy in 16-EU countries. Sci Total 
Environ 657:1023–1029

Bello AK, Abimbola OM (2010) Does the level of economic growth 
influence environmental quality in Nigeria: a test of environmen-
tal Kuznets curve (EKC) hypothesis. Pak J Soc Sci 7(4):325–329

Bhat JA (2018) Renewable and non-renewable energy consumption—
impact on economic growth and CO2 emissions in five emerging 
market economies. Environ Sci Pollut Res 25(35):35515–35530

Birdsall N, Wheeler D (1993) Trade policy and industrial pollution in Latin 
America: where are the pollution havens? J Environ Dev 2(1):137–149

Bradshaw CJ, Giam X, Sodhi NS (2010) Evaluating the relative envi-
ronmental impact of countries. PloS One 5(5):e10440

Chebbi HE, Olarreaga M, Zitouna H (2011) Trade openness and CO 2 
emissions in Tunisia. Middle East Dev J 3(01):29–53

Danish (2019) Moving toward sustainable development: the relationship 
between water productivity, natural resource rent, international trade, 
and carbon dioxide emissions. Sustain Dev 28(4):540–549

Danish HS, Baloch M, Mahmood N, Zhang J (2019) Linking economic 
growth and ecological footprint through human capital and bio-
capacity. Sustain Cities Soc 47:101516

Destek MA, Sarkodie SA (2019) Investigation of environmental 
Kuznets curve for ecological footprint: the role of energy and 
financial development. Sci Total Environ 650:2483–2489

Destek MA, Sinha A (2020) Renewable, non-renewable energy con-
sumption, economic growth, trade openness and ecological foot-
print: evidence from organisation for economic Co-operation and 
development countries. J Clean Prod 242:118537

Duan X, Li X, Tan W, Xiao R (2022) Decoupling relationship analysis 
between urbanization and carbon emissions in 33 African coun-
tries. Heliyon 8(9):e10423

Edziah BK, Sun H, Adom PK, Wang F, Agyemang AO (2022) The 
role of exogenous technological factors and renewable energy in 
carbon dioxide emission reduction in Sub-Saharan Africa. Renew 
Energy 196:1418–1428

Fan, J.-s. and Zhou, L., 2019. Impact of urbanization and real estate 
investment on carbon emissions: evidence from China's provin-
cial regions. J Clean Prod, 209: 309-323.

Farhani S, Ozturk I (2015) Causal relationship between CO2 emis-
sions, real GDP, energy consumption, financial development, 
trade openness, and urbanization in Tunisia. Environ Sci Pollut 
Res 22(20):15663–15676

Feron P et al (2019) Towards zero emissions from fossil fuel power 
stations. Int J Greenh Gas Control 87:188–202



	 Environmental Science and Pollution Research

1 3

Franco S, Mandla VR, Rao KRM (2017) Urbanization, energy con-
sumption and emissions in the Indian context a review. Renew 
Sustain Energy Rev 71:898–907

Frankel J, Rose A (2002) An estimate of the effect of common curren-
cies on trade and income. Q J Econ 117(2):437–466

Frankel JA, Romer DH (1999) Does trade cause growth? Am Econ 
Rev 89(3):379–399

Granger, C.W. and Yoon, G., 2002Hidden cointegration. U of Califor-
nia, Economics Working Paper(2002-02).

Grossman GM, Krueger AB (1995) Economic growth and the environ-
ment. Q J Econ 110(2):353–377

Habiba U, Xinbang C, Anwar A (2022) Do green technology innova-
tions, financial development, and renewable energy use help to 
curb carbon emissions? Renew Energy 193:1082–1093

Hanif I (2018) Impact of economic growth, nonrenewable and renewa-
ble energy consumption, and urbanization on carbon emissions in 
Sub-Saharan Africa. Environ Sci Pollut Res 25(15):15057–15067

Ibrahiem DM (2020) Do technological innovations and financial devel-
opment improve environmental quality in Egypt? Environ Sci 
Pollut Res 27(10):10869–10881

Islam F, Shahbaz M, Ahmed AU, Alam MM (2013) Financial develop-
ment and energy consumption nexus in Malaysia: a multivariate 
time series analysis. Economic Modelling 30:435–441

Islam M, Managi S (2019) Green growth and pro-environmental 
behavior: sustainable resource management using natural capi-
tal accounting in India. Resour Conserv Recycl 145:126–138

Jalil A, Feridun M (2011) The impact of growth, energy and financial 
development on the environment in China: a cointegration analy-
sis. Energy Econ 33(2):284–291

Joshua U, Bekun FV (2020) The path to achieving environmental sus-
tainability in South Africa: the role of coal consumption, eco-
nomic expansion, pollutant emission, and total natural resources 
rent. Environ Sci Pollut Res 27(9):9435–9443

Kao C (1999) Spurious regression and residual-based tests for cointe-
gration in panel data. Journal of econometrics 90(1):1–44

Khan I, Hou F, Le HP (2021) The impact of natural resources, energy 
consumption, and population growth on environmental quality: 
fresh evidence from the United States of America. Sci Total 
Environ 754:142222

Khan MK, Khan MI, Rehan M (2020) The relationship between energy 
consumption, economic growth and carbon dioxide emissions in 
Pakistan. Financial Innovation 6(1):1–13

Kirikkaleli D, Adedoyin FF, Bekun FV (2021) Nuclear energy con-
sumption and economic growth in the UK: evidence from wave-
let coherence approach. J Public Aff 21(1):e2130

Kumbaroğlu G, Karali N, Arıkan Y (2008) CO2, GDP and RET: an 
aggregate economic equilibrium analysis for Turkey. Energy 
Policy 36(7):2694–2708

Kurniawan R, Managi S (2018) Coal consumption, urbanization, and 
trade openness linkage in Indonesia. Energy Policy 121:576–583

Kwakwa PA, Alhassan H, Adu G (2020) Effect of natural resources 
extraction on energy consumption and carbon dioxide emission 
in Ghana. Int J Energy Sect Manag

Kwakwa Paul A, Alhassan H, Adu G (2020) Effect of natural resources 
extraction on energy consumption and carbon dioxide emission 
in Ghana. Int J Energy Sect Manag 14(1):20–39

Lanoie P, Laplante B, Roy M (1998) Can capital markets create incen-
tives for pollution control? Ecol Econ 26(1):31–41

Li M, Li L, Strielkowski W (2019a) The impact of urbanization and 
industrialization on energy security: a case study of China. Ener-
gies 12(11):2194

Li S, Zhou C, Wang S (2019b) Does modernization affect carbon dioxide 
emissions? A panel data analysis. Sci Total Environ 663:426–435

Lin S, Wang S, Marinova D, Zhao D, Hong J (2017) Impacts of 
urbanization and real economic development on CO2 emissions 

in non-high income countries: empirical research based on the 
extended STIRPAT model. J Clean Prod 166:952–966

Liu F et al (2023) Assessing the role of economic globalization on 
energy efficiency: evidence from a global perspective. China 
Economic Review 77:101897

Liu H, Anwar A, Razzaq A, Yang L (2022a) The key role of renewable 
energy consumption, technological innovation and institutional 
quality in formulating the SDG policies for emerging economies: 
evidence from quantile regression. Energy Rep 8:11810–11824

Liu L, Anwar A, Irmak E, Pelit I (2022b) Asymmetric linkages between 
public-private partnership, environmental innovation, and trans-
port emissions. Econ Res-Ekon Istraz 35(1):6519–6540

Magazzino C, Bekun FV, Etokakpan MU, Uzuner G (2020) Modeling 
the dynamic Nexus among coal consumption, pollutant emis-
sions and real income: empirical evidence from South Africa. 
Environ Sci Pollut Res 27(8):8772–8782

Maji IK, Sulaiman C, Abdul-Rahim A (2019) Renewable energy con-
sumption and economic growth nexus: a fresh evidence from 
West Africa. Energy Rep 5:384–392

Martínez CIP, Piña WHA, Moreno SF (2018) Prevention, mitigation 
and adaptation to climate change from perspectives of urban 
population in an emerging economy. J Clean Prod 178:314–324

Merino-Saum A, Baldi MG, Gunderson I, Oberle B (2018) Articulat-
ing natural resources and sustainable development goals through 
green economy indicators: a systematic analysis. Resour Conserv 
Recycl 139:90–103

Morley J (2015) Natural resource exploitation as ‘sustainable develop-
ment’? Extractive processes, mega projects and human rights in 
Latin America. University of London

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

Nathaniel SP, Bekun FV (2021) Electricity consumption, urbanization, 
and economic growth in Nigeria: new insights from combined 
cointegration amidst structural breaks. J Public Aff 21(1):e2102

Nguyen KH, Kakinaka M (2019) Renewable energy consumption, car-
bon emissions, and development stages: Some evidence from 
panel cointegration analysis. Renew Energy 132:1049–1057

Nyang’au, J.O. et al (2020) Determinants of smallholder farmers’ 
choice of climate smart agriculture practices to adapt to climate 
change in masaba south Sub-County, Kisii, Kenya. Asian J Agric 
Ext, Econ Sociol 38(May):29–41

Pedroni P (1999) Critical values for cointegration tests in hetero-
geneous panels with multiple regressors. Oxf Bull Econ Stat 
61(S1):653–670

Pesaran MH, Shin Y, Smith RP (1999) Pooled mean group esti-
mation of dynamic heterogeneous panels. J Am Stat Assoc 
94(446):621–634

Pesaran MH, Yamagata T (2008) Testing slope homogeneity in large 
panels. J Econ 142(1):50–93

Petroleum B (2017) BP statistical review of world energy 2017. Statis-
tical review of world energy 65

Rauf A et al (2020) Does sustainable growth, energy consumption and 
environment challenges matter for Belt and Road Initiative feat? 
A novel empirical investigation. J Clean Prod 262:121344

Sahin ES, Bayram IS, Koc M (2019) Demand side management oppor-
tunities, framework, and implications for sustainable develop-
ment in resource-rich countries: case study Qatar. J Clean Prod 
241:118332

Sarkodie SA, Adams S (2018) Renewable energy, nuclear energy, and 
environmental pollution: accounting for political institutional 
quality in South Africa. Sci Total Environ 643:1590–1601

Selden TM, Song D (1994) Environmental quality and development: is 
there a Kuznets curve for air pollution emissions? J Environ Econ 
Manag 27(2):147–162



Environmental Science and Pollution Research	

1 3

Shafiei S, Salim RA (2014) Non-renewable and renewable energy con-
sumption and CO2 emissions in OECD countries: a comparative 
analysis. Energy Policy 66:547–556

Shahabadi A, Feyzi S (2016) The relationship between natural resources 
abundance, foreign direct investment and environmental perfor-
mance in selected oil and developed countries during 1996-2013. 
Int J Res Econ 4(3):101–116

Shahbaz M (2009) A reassessment of finance-growth nexus for Pakistan: 
under the investigation of FMOLS and DOLS techniques. IUP J 
Appl Econ 8(1):65

Shahbaz M, Balsalobre D, Shahzad SJH (2019) The influencing factors 
of CO2 emissions and the role of biomass energy consumption: 
statistical experience from G-7 countries. Environ Model Assess-
ment 24(2):143–161

Sharif A, Baris-Tuzemen O, Uzuner G, Ozturk I, Sinha A (2020a) Revisit-
ing the role of renewable and non-renewable energy consumption 
on Turkey’s ecological footprint: evidence from Quantile ARDL 
approach. Sustain Cities Soc 57:102138

Sharif A et al (2020b) The renewable energy consumption-environmen-
tal degradation nexus in Top-10 polluted countries: fresh insights 
from quantile-on-quantile regression approach. Renew Energy 
150:670–690

Shen L et al (2021a) Impact of urbanization on air quality in the Yangtze 
River Delta during the COVID-19 lockdown in China. J Clean 
Prod 296:126561

Shen Y et al (2021b) Does green investment, financial development and 
natural resources rent limit carbon emissions? A provincial panel 
analysis of China. Sci Total Environ 755:142538

Shin Y, Yu B, Greenwood-Nimmo M (2014a) Modelling asymmetric 
cointegration and dynamic multipliers in a nonlinear ARDL frame-
work. In: Festschrift in honor of Peter Schmidt: Econometric meth-
ods and applications, pp 281–314

Shin Y, Yu B, Greenwood-Nimmo M (2014b) Modelling asymmetric 
cointegration and dynamic multipliers in a nonlinear ARDL frame-
work, Festschrift in honor of Peter Schmidt. Springer, pp 281–314

Sinha A, Sengupta T (2019) Impact of natural resource rents on human 
development: what is the role of globalization in Asia Pacific coun-
tries? Resources Policy 63:101413

Stern DI (2004) The rise and fall of the environmental Kuznets curve. 
World Dev 32(8):1419–1439

Sulaiman C, Abdul-Rahim A (2017) The relationship between CO2 
emission, energy consumption and economic growth in Malay-
sia: a three-way linkage approach. Environ Sci Pollut Res 
24(32):25204–25220

Sun Y, Anwar A, Razzaq A, Liang X, Siddique M (2022a) Asymmetric 
role of renewable energy, green innovation, and globalization in 
deriving environmental sustainability: evidence from top-10 pol-
luted countries. Renew Energy 185:280–290

Sun Y, Li H, Andlib Z, Genie MG (2022b) How do renewable energy 
and urbanization cause carbon emissions? Evidence from advanced 
panel estimation techniques. Renew Energy 185:996–1005

Tamazian A, Chousa JP, Vadlamannati KC (2009) Does higher economic 
and financial development lead to environmental degradation: evi-
dence from BRIC countries. Energy Policy 37(1):246–253

Udi J, Bekun FV, Adedoyin FF (2020) Modeling the nexus between 
coal consumption, FDI inflow and economic expansion: does 
industrialization matter in South Africa? Environ Sci Pollut Res 
27(10):10553–10564

Ulucak R, Khan SU-D (2020) Determinants of the ecological footprint: 
role of renewable energy, natural resources, and urbanization. Sus-
tain Cities Soc 54:101996

Umar M, Ji X, Kirikkaleli D, Shahbaz M, Zhou X (2020) Environmen-
tal cost of natural resources utilization and economic growth: can 
China shift some burden through globalization for sustainable 
development? Sustainable Development 28(6):1678–1688

Vélez-Henao J-A (2020) Does urbanization boost environmental impacts 
in Colombia? An extended STIRPAT–LCA approach. Qual Quant 
54(3):851–866

Wang H, Jin Y (2007) Industrial ownership and environmental performance: 
evidence from China. Environ Resource Econ 36(3):255–273

Wang J, Dong K (2019) What drives environmental degradation? Evi-
dence from 14 Sub-Saharan African countries. Sci Total Environ 
656:165–173

Wang L, Vo XV, Shahbaz M, Ak A (2020) Globalization and carbon 
emissions: is there any role of agriculture value-added, financial 
development, and natural resource rent in the aftermath of COP21? 
J Environ Manage 268:110712

Wang Y, Zhao T (2018) Impacts of urbanization-related factors on CO2 
emissions: evidence from China’s three regions with varied urbani-
zation levels. Atmos Pollut Res 9(1):15–26

Wang Z, Ahmed Z, Zhang B, Wang B (2019) The nexus between 
urbanization, road infrastructure, and transport energy demand: 
empirical evidence from Pakistan. Environ Sci Pollut Res 
26(34):34884–34895

Wasti SKA, Zaidi SW (2020) An empirical investigation between CO2 
emission, energy consumption, trade liberalization and economic 
growth: a case of Kuwait. J Build Eng 28:101104

Wen Y et al (2022) The dynamic effect of information and communica-
tion technology and renewable energy on CO2 emission: fresh evi-
dence from panel quantile regression. Frontiers in Environmental. 
Science 10

Wolde-Rufael Y, Idowu S (2017) Income distribution and CO2 emission: 
a comparative analysis for China and India. Renew Sustain Energy 
Rev 74:1336–1345

Wu Y et al (2019) A new panel for analyzing the impact factors on carbon 
emission: a regional perspective in China. Ecol Indic 97:260–268

Yang, L., Yuan, S. and Sun, L., 2012. The relationships between eco-
nomic growth and environmental pollution based on time series 
data? An empirical study of Zhejiang Province.

Yu-Ke C, Awan RU, Aziz B, Ahmad I, Waseem S (2021) The relationship 
between energy consumption, natural resources, and carbon dioxide 
emission volatility: empirics from G-20 economies. Environ Sci 
Pollut Res:1–9

Yuan M, Yin C, Sun Y, Chen W (2019) Examining the associations 
between urban built environment and noise pollution in high-den-
sity high-rise urban areas: a case study in Wuhan. China Sustain 
Cities Soc 50:101678

Zafar MW, Shahbaz M, Sinha A, Sengupta T, Qin Q (2020) How renew-
able energy consumption contribute to environmental quality? The 
role of education in OECD countries. J Clean Prod 268:122149

Zafar MW et al (2019) The impact of natural resources, human capital, 
and foreign direct investment on the ecological footprint: the case 
of the United States. Resour Policy 63:101428

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

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	The impact of natural resource consumption on carbon emissions: evidence of a symmetric and asymmetric effect from Sub-Saharan Africa
	Abstract
	Introduction
	Literature review
	Nexus between natural resources and CO2 emissions
	Nexus between energy consumption and CO2 emissions
	Nexus between urbanization and CO2 emissions
	Nexus between economic growth and CO2 emissions

	Data and methodology
	Data description
	Research method
	The linear PMG ARDL model
	The nonlinear panel ARDL model
	Descriptive statistics
	Cross-sectional dependence tests
	Panel root tests

	Results and discussions
	Panel cointegration tests
	The symmetric M.G. and PMG estimation results
	The asymmetric M.G. and PMG estimation results

	Conclusion
	References


