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Abstract
Simultaneous achievement of sustainable development goals (SDGs), especially energy efficiency (SDG 7), economic growth
(SDG 8), and pollution reduction (SDG 13), has been a major challenge among the developing countries. Besides, there is
absence of a study which quantifies clean production (net growth-emission effects) and energy import efficiency (net growth-
energy import effects) as indicators of sustainable growth. Thus, this current study examines this issue for South Africa and
Nigeria at aggregate and sectoral levels between 1981 and 2015 using simultaneous equation models and threshold regression
analysis. Evidence of the sustainable growth cannot be established for South Africa and Nigeria with and without structural
break. Further, the analysis shows that, with respect to Nigeria, keeping petroleum import per capita above the respective
threshold enhances the environmental quality as aggregate and sectoral outputs increase. However, the CO2 emission can only
induce increased GDP per capita when the petroleum import is below the threshold level. In South Africa’s case, although
maintaining petroleum import beyond the threshold may increase CO2 emission per capita associated with high aggregate output
per capita, such emission exhibits a negligible reverse impact on output per capita. Results are found to vary across both lower
and upper threshold regimes for sectors. Policy recommendations are discussed in the conclusion.

Keywords Environment . Energy import . Aggregate and sectoral growth . Simultaneous equation . Threshold analysis . Nigeria
and South Africa

Introduction

Countries all over the world are now struggling to achieve
sustainable development (Rosen 2009; and Oyedepo 2012).
This aspiration has led to the articulation of the Millennium
Development Goals (MDGs) which has been transformed into
sustainable development goals (SDGs). Sustainable develop-
ment can be referred to as development that takes care of the
requirements of the current generation without jeopardizing

the ability of the upcoming generation to satisfy their own
needs (United Nations 1987). The 2002 World Summit on
Sustainable Development identified social, economic, and en-
vironmental sustainability as the three pillars of sustainable
development (Oyedepo 2012). A combination of two of the
pillars (economic and environmental sustainability) forms
sustainable growth which means long-run growth achieved
with energy efficiency and low carbon development (clean
production). Thus, the general assumption is that growth
should contribute to energy resource conservation and envi-
ronmental upgrading, while energy and environment should
support growth (Zuo and Ai 2011; Hu et al. 2011; Omer
2008). This means that, while energy and environment sup-
port growth, the benefits generated should reflect in energy
adequacy (saving) and improvement in environmental quality
(Fang et al. 2020).

There have been debates in the literature concerningwheth-
er the interaction among growth, energy, and environment is
complementary or trade-off. A school of thought argued that
factors substitution and technical change can successfully
downgrade the role of resources (energy and environment)
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in economic growth (Solow 1993, 1997; Bretschger 2005).
However, another school of thought (ecological economists)
stated that the substitution between inputs (capital, labor, and
resources) and technical advancement have limited role to
play in addressing the resources scarcity problem (Stern
1997; Cleveland et al. 1984; and Hall et al. 2003).
According to Hall et al. (2003), most productivity growth
arose from increased energy consumption, while technical
change engendered by innovations largely increase productiv-
ity via consumption of more energy. A balanced view is that
market-oriented energy and environmental policies can induce
the introduction of new technologies that reduce energy utili-
zation and environmental degradation during production pro-
cess (Porter and van der Linde 1995, 1999).

The seventeen sustainable development goals (17 SDGs)
include low energy consumption (SDG 7), economic growth
(SDG 8), and reduction in impact of climatic change (SDG
13). The need to achieve complementarity among the three
SDGs was stressed in a recent special report of the
Intergovernmental Panel on Climate Change on Global
Warming (IPCC 2018). In the major industrialized countries
in Africa, particularly South Africa and Nigeria, a significant
proportion of refined petroleum products consumed are
imported.1 For instance, in Nigeria and South Africa, the total
import of refined petroleum products was generally higher
during 2000–2015 than the earlier years.2 In 2009 alone, the
import of refined petroleum was greater than the domestic
output of refined petroleum in Nigeria by about 225%, though
this difference fell to about 78% in 2012 (US Energy
Information Administration (USEIA) 2010). Also, fuel im-
ports in South Africa and Nigeria reached about 15% and
20% of total merchandise imports (respectively) in 2012.
During the same period, the gross domestic product per capita
in these countries was relatively higher than the earlier years
(World Bank, on-line).3 In contrast to the observed upward
trends in petroleum import per capita and GDP per capita in
the two countries, carbon emissions per capita fell marginally
from 10.36 metric tons in 1984 to 9.15 metric tons in 2015.
However, despite the fact that the average petroleum import
per capita in South Africa (39.4 l) and Nigeria (43.7 l) is close
during the study period, the mean GDP per capita in South
Africa (US $6625.40) is five times greater than that of Nigeria
(US $1639.80), while the mean carbon emission per capita in
South Africa (9265.85 k tones) is fifteen times higher than that
of Nigeria (606.13 tons). This suggests differences in the

growth-energy-environment links in the two countries. There
is therefore the need for empirical investigation to ascertain
the links as claimed by Lin and Agyeman (2019). It should be
stated that earlier related studies on Nigeria and South Africa
(such as Maji 2015, Ackah 2015 and Adejumo 2019) focused
on the role of either total or clean energy on productivity
(economic growth) or the growth-emission link but ignored
the potential bidirectional link between the variables, the par-
ticular role of the import component of the total energy, and
the link of these variables with the environment.

In the light of the above, the emerging issues are as follows:
(1) what is the nature of output-energy (import)-emission nex-
us in South Africa and Nigeria? (2) Are there sectoral differ-
ences in the output-energy (import)-emission nexus in these
countries? (3) To what extent has energy import contributed to
sustainable growth in the countries? Despite the importance of
these policy questions, little or no study has addressed them
over time.

This article highlights a number of shortcomings in the
literature on the output-energy-growth nexus and contributes
in the following ways. First, although there are many studies
on the link between energy variety (including oil), growth,
and emission (see Adewuyi and Awodumi 2017a, b for
detailed review), there is dearth of specific studies on the
energy import-growth-emission nexus.4 This represents a ma-
jor deficiency in related literature. Although few studies exist
on drivers of energy import, such studies show an overwhelm-
ing concentration on crude oil, but most crude oil importing
countries refined the crude for re-exporting with only a frac-
tion of the product retained for economic activities. Thus, it
may be difficult to measure the net effect of the crude oil
import on growth without considering the petroleum import.
Only four studies are identified for Africa (Ziramba 2010 for
South Africa; Marbuah 2017 for Ghana; Adewuyi 2016 and
Adewuyi and Awodumi 2020 for Nigeria) despite the heavy
dependent of most developing countries, especially African
countries, on energy (crude or refined petroleum) import in
production activities. Second, most of the existing studies an-
alyzed the drivers of energy import in which income or eco-
nomic growth plays a key role but did not recognize the fact
that energy import could also propel growth. Thus, such anal-
ysis could lead to simultaneity bias which could only be
solved using simultaneous equitation model. Besides, the role
of energy import in pollution was neglected, while the possi-
bility of the effect of structural changes (breaks) was also
ignored. Causality analysis undertaken in most of these stud-
ies (including Adewuyi and Awodumi 2020) has been based

1 Some oil-rich economies including Nigeria where the refinery facilities are
either inadequate or underutilized, crude oil is being exported to earn foreign
exchange, part of which is also used to finance the import of refined petroleum
products to bridge the domestic energy gap and obtain the required energy to
propel economic activities
2 Due to malfunctioning of refineries and increased energy requirement in the
economy (Tajudeen 2015; and Adewuyi 2016)
3 World Development indicators

4 See Adewuyi and Awodumi (2017a, b) for a comprehensive review of
energy-output-emission linkages. It should be mentioned that studies on im-
pact of imported inputs on productivity and output growth (Lee 1995; Busse
and Groizard 2008; Kasahara and Rodrigue 2008; Goldberg et al. 2010;
Halpern et al. 2015; and Olper et al. 2017) considered only capital goods
and total raw material
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on bivariate framework which is not rigorous given the com-
plexity of economic relationship, while threshold analysis that
can aid policy analysis was not conducted. Moreover, these
studies focused on only aggregate analysis but failed to verify
the sectoral links which limit policy lessons that could be
drawn. Above all, a major shortcoming in the literature is
the absence of a study (to the best of our knowledge) that
quantifies net growth-emission effects (clean production)
and net growth-energy import effects (energy import efficien-
cy) as indicators of sustainable growth.

Fourth, empirical estimates could aid the projection of fu-
ture energy import demand required to attain specific growth
and pollution targets set for the economies as contained in the
development policy and planning documents. They could also
help in the evaluation of the energy efficiency of the economy
and also provide a basis for analyzing the potential impact of
public policies (such as government energy subsidy program)
on aggregate and sectoral outputs and emissions. Given the
association between energy consumption, output, and envi-
ronmental pollution, this study would be helpful in the assess-
ment of the level of achievement of some SDGs and develop-
ment of policies for managing the negative environmental
effects of energy import used in the production activities.

This present study, therefore, quantifies and analyzes the
link between refined petroleum import, economic growth, and
carbon emission in South Africa and Nigeria at aggregate and
sectoral levels using the most recent multivariate Granger cau-
sality method and simultaneous equation model which correct
for structural breaks, while threshold analysis was also done to
aid policy analysis. This quantification and analysis enable us
to provide robust evidence of lack of clean production and
energy import efficiency in South Africa and Nigeria.

The rest of this study is organized in a way such that
Section 1.2 presents stylized facts on petroleum import, eco-
nomic growth, and carbon emissions in South Africa and
Nigeria while Section 2 contains the review of literature.
Section 3 covers the theory and methodology employed in
the study and Section 4 presents and discusses the empirical
results. Section 5 summarizes and concludes the article with
policy implications.

Literature review

Theoretical literature

It can be stated that the existing theoretical explanation of the
nexus among energy consumption, economic growth, and car-
bon emissions exist in pairs. The literature isolates the growth-
energy (import), growth-environmental quality, and energy
(import)-environmental quality links to provide partial de-
scription of the complex relationship among the variables
(Adewuyi and Awodumi 2020).

On the growth-energy (import) nexus, four hypotheses
dominate the literature: the growth, conservation, feedback,
and neutrality hypotheses (Payne 2009; Ozturk 2010; Omri
2014). According to the growth hypothesis, unidirectional
causality runs from energy consumption to economic growth,
following its critical role in promoting economic growth. The
conservation hypothesis suggests that a unidirectional causal-
ity run from economic growth to energy consumption, as in-
crease in real per capital income raises the level of economic
activities necessitating high energy use. Also, while the feed-
back hypothesis indicates bidirectional causality between en-
ergy consumption and economic growth, neutrality hypothe-
sis implies absence of causal link between themwith relatively
negligible influence on each other. In addition, Bahmani-
Oskooee and Economidou (2009) is among the literature that
discusses the import-led growth hypothesis, which is on the
role of imports in creating opportunities for growth through
import-induced access to affordable inputs including energy.
The growth-led import hypothesis is also about the impor-
tance of growth in facilitating imports including inputs such
as energy.

The relationship between economic growth and environ-
mental quality is popularly explained using the environmental
Kuznets Curve (EKC) hypothesis. The hypothesis establishes
that environmental pollution rises with income at low level of
per capita income but declines as per capita income increases
beyond a certain point (Grossman and Krueger 1995). Recent
applications of this hypothesis include Boubellouta and
Kusch-Brandt (2020) for EU28 + 2 countries, Churchill et al.
(2020) for Australia, and Halliru et al. (2020) for the
Economic Communi ty of Wes t Af r i can S ta te s .
Environmental quality can also promote or hinder growth
via its influence on the critical production inputs such as labor
and capital. For instance, negative environmental effect
(pollution) on human health (illness) will affect productivity
and growth (Adewuyi and Awodumi 2017b).

With respect to energy (import)-environmental quality link,
it should be stated that, while some energy products such as
fossil fuel and coal generate pollution, others such as hydro-
electricity, wind, and solar are environmentally friendly
(clean) energy sources. Thus, environmental quality depends
on the type of energy use. However, considering the harmful
effect of pollution, the less the demand for energy source
engenders high quantity of carbon emissions if there are
equally affordable alternatives (Adewuyi and Awodumi
2017b). Given that some energy products are imported, it is
imperative to state that trade facilitates access to some energy
products such as crude oil and refined petroleum products.
Therefore, in an energy import–dependent country, the nexus
between energy and environment is a function of availability
of energy via trade. The trade (import)-environment nexus is
summarized under the Pollution-Haven hypothesis where
countries import energy products that generate unfavorable
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effect on their environment, and Pollution-Halo hypothesis in
which energy-related imports contribute to clean production
and environment (Aller et al. 2015; Aklin 2016; Cherniwchan
2017). Going by the Heckscher-Ohlin trade theory, compara-
tive advantage and pattern of trade lie in resource abundance.
Thus, in some developing countries, the environment (natural
resources) dictates pattern of trade (export of pollution-
intensive primary product), while pattern of trade (import of
refined or manufactured goods) also dictates the environment
quality (measured by quantity of pollution). Thus, these de-
veloping countries export and import pollution-intensive
goods (Copeland and Taylor 2005). The comprehensive link-
age among growth, energy, and environment is still missing in
the theoretical literature, which informs the partial analysis of
this relationship in the empirical literature.

The theoretical analysis of the energy-growth-emission
nexus can also be discussed based on the concept of sustain-
able economic development and the debates on the role of
energy in production. As stated in the “Introduction” section
of this study, there are three pillars of sustainable economic
development: social, economic, and environmental sustain-
ability (World Summit on Sustainable Development, 2002;
and Oyedepo 2012). Alignment of two of the pillars (econom-
ic and environmental sustainability) generates sustainable
growth which implies attainment of long-run growth with en-
ergy efficiency and low carbon development. Thus, while
energy and environment foster growth, the gains obtained
should lead to energy adequacy and improvement in environ-
mental quality (Zuo and Ai 2011; Hu et al. 2011; Omer 2008;
Fang et al. 2020). The debates on the significance of energy in
production have been well summarized in the “Introduction”
section.

Empirical literature

A number of studies have been conducted, especially within
the last decade, across countries and regions on the link of
energy consumption (renewable and non-renewable) with
economic growth or carbon emission or both.5 Only few stud-
ies specifically considered the role of oil consumption (com-
bination of locally produced and imported) in the trivariate
relationship (see Adewuyi and Awodumi 2017a for studies
reviewed) while those that covered oil import (crude or re-
fined) focused on only the drivers of such import. First, spe-
cific studies on Nigeria and South Africa are reviewed.
Second, a general review of the literature is conducted
consisting of studies on oil-growth nexus, oil-growth-
emission nexus, and lastly, studies on drivers of oil import.

Literature on Nigeria and South Africa

The growth-energy (import)-emissions nexus has also been
investigated in Sub-Saharan Africa, particularly Nigeria and
South Africa. In Nigeria, Adewuyi and Awodumi (2017b)
estimated a simultaneous equation model to establish a com-
plete feedback effects among biomass energy, carbon
emissions, and economic growth between 1980 and 2010.
Subsequently, Halliru et al. (2020) employed panel quantile
regression technique for sixWest African countries (including
Nigeria) and reported a U-shaped relationship between carbon
emission and economic growth over 1970–2017. In a similar
analysis, Awodumi and Adewuyi (2020) adopted nonlinear
autoregressive distributed lag technique (NARDL) to show
that both positive and negative changes in petroleum con-
sumption reduce economic growth but promote environmen-
tal quality during the 1980–2015 period. In contrast,
autoregressive distributed lag technique (ARDL) estimates
of Adejumo (2019) reveal that economic growth worsens en-
vironmental quality in the country between 1970 and 2014,
while the reverse effect is negligible. Adewuyi and Awodumi
(2020) found no evidence of bivariate Granger causality
among energy resource import, carbon emissions, and
Nigeria’s economic growth during 1980–2019. Further anal-
ysis of import of petroleum products by Adewuyi (2016) in-
dicates a positive role of economic growth between 1984 and
2013.

In the case of South Africa, Toda and Yamamoto Granger
causality test results employed by Ziramba (2009) suggest
feedback causal links between oil consumption and
industrial production. Moreover, Ziramba (2010) utilized data
ranging from 1980 to 2006 in a PMG panel ARDL analysis to
show that import demand for crude oil is positively affected
by economic growth in the country. Using Pairwise
Dumitrescu-Hurlin Panel causality approach for the same
country, Azam (2019) found significant bidirectional causali-
ty between growth and each of energy consumption and
carbon emissions, but a unidirectional causality running
from energy consumption to carbon emissions. Granger
causality estimates of Bildirici and Bakirtas (2014) found neu-
tral link between oil (and natural gas) consumption and eco-
nomic growth in the country between 1980 and 2011.

In Sub-SaharanAfrica, including Nigeria and South Africa,
Bah et al. (2020) confirmed the inverted U-shaped link be-
tween growth and environmental pollution (EKC hypothesis)
during 1971–2012. FMOLS estimates of Behmiri and Manso
(2013) reveal significant feedback effect between carbon
emission and economic growth for South Africa, but neutral
in the case of Nigeria. Further, Mensah et al. (2019) PMG
panel ARDL estimation method provides evidence of bidirec-
tional causal link between fossil fuel energy consumption and
each of economic growth and carbon emissions among SSA
countries.

5 For excellent and comprehensive review of these studies, see Adewuyi and
Awodumi (2017a) and Yao et al. (2019)
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It is clear from the above review that, although some stud-
ies exist on South Africa and Nigeria, only three of such stud-
ies cover energy import (Ziramba 2010 for South Africa;
Adewuyi 2016 & Adewuyi and Awodumi 2020 for
Nigeria). Besides, Adewuyi and Awodumi (2020), which ex-
tended analysis of output-emission linkage to energy import,
is based on bivariate Granger causality framework that cannot
reveal direct, indirect and joint effects of the variables on each
other. This study is also limited in terms of coverage or scope
(only aggregate without sectoral analysis) and robustness of
analysis which can be achieved using complementary ap-
proaches such as multivariate Granger causality, simultaneous
equation model, and threshold regression analysis as evident
in this study. It is also limited because of its inability to quan-
tify indicators of sustainable growth (clean production and
energy import efficiency) which is part of the focus of this
present study.

General studies on oil (import)-growth-emission nexus

Empirical literature provides considerable support for the crit-
ical role of oil consumption in the growth process. For in-
stance, ECM-Granger causality approach of Zou and Chau
(2006) revealed unidirectional causality running from oil
consumption to economic growth (growth hypothesis) in
China between 1953 and 2002. Using the impulse response
function and bootstrap corrected causality methods, Pereira
and Pereira (2010) found that oil, as well as coal and natural
gas, caused economic growth in Portugal during the 1977–
2003 period. These findings are further confirmed among a
group of 42 countries by Halkos and Tzeremes (2011), in
Cameroon by Wandji (2013), among the G-6 countries by
Chu and Chang (2012), a panel of 49 countries by Chu
(2012) and Akhmat and Zaman (2013) for the case of South
Asia. Similar reports were made in the short-run by Behmiri
andManso (2014) (Latin America) and Lach (2015) (Poland).
It should be stated that few studies also showed that causality
runs from economic growth to oil consumption rather than the
other way round. These include Ali and Harvie (2013), Lean
and Smyth (2014), and Zheng and Luo (2013) for Libya,
Malaysia, and China, respectively.

Irrespective of the time horizon, some studies confirmed
the feedback hypothesis between oil consumption and eco-
nomic growth. This hypothesis is evident in studies conducted
for China (Yuan et al. 2008; and Zhang and Yang 2013), the
27 OECD countries (Behmiri and Manso 2012a), Portugal
(Behmiri and Manso 2012b), Eurasia (Bildirici and Kayıkçı
2013), BRICS countries (Azam 2019), Saudi Arabia
(Alkhathlan and Javid 2013), Malaysia (Saboori and
Sulaiman 2013; and Park and Yoo 2014), the Philippines
(Lim et al. 2014), and G20 (Pao and Chen 2018).

Few studies also investigated the carbon emission implica-
tion of the link between growth and oil consumption. Al-

Mulali (2011) and Apergis and Payne (2014) showed evi-
dence of a bidirectional causality between carbon emission
and economic growth among MENA countries and 7
Central American countries, respectively. In Wuhan, China,
Rao and Yan (2020) demonstrated that the interaction be-
tween industrial waste gas emissions and industrial wastewa-
ter emissions is detrimental for economic growth. This finding
is not confirmed among the European Union countries where
Balsalobre-Lorente and Leitão (2020) discovered positive in-
fluence of carbon emission on growth, following climate
change and greenhouse gas implication of high industrial
activities. However, Bloch et al. (2012) reported that causality
only runs from growth to carbon emission in China, a finding
validated in the short-run among 10 MENA countries by
Farhani and Shahbaz (2014). Thus, Ali et al. (2020) reported
a U-shaped link between economic growth and environmental
degradation among European countries, but Dong et al.
(2020) confirmed reducing effect of growth on carbon emis-
sion in China’s industrial sector.

For OECD and the selected 22 African countries, Shafiei
and Salim (2014) and Mensah et al. (2019) revealed that the
link between non-renewable energy consumption and carbon
emission (as well as growth) is bidirectional. A number of
studies however proved that non-renewable energy caused
carbon emission with no feedback effect. This result was ob-
served for EU countries by Dogan and Sekan (2016a) and
Bolük and Mert (2014), top renewable energy countries by
Dogan and Sekan (2016b), and Turkey by Dogan (2015).

Most of the studies on oil import have shown overwhelm-
ing interest on the drivers of oil import (including growth) but
ignored its relationship with carbon emission. However, there
appears to be a consensus in the energy import literature on the
significant role of income or economic growth in oil import
demand, which is evident across the few available studies.
Although studies have largely concentrated on Asian econo-
mies, some works have been done in few other regions. For
example, Zhao and Wu (2007) revealed that industrial and
transport output growth has significant long-run positive im-
pact on crude oil import in China during the year 1995–2006.
Also, Ghosh (2009) showed that income has positive and
unidirectional causal effect on crude oil import in India
between 1970 and 2006. Kim and Baek (2013) obtained sim-
ilar results in the case of Korean during the 1986–2010 period,
although their results indicated that oil price is more important
in the short-run. Also, the simulation results of Adams et al.
(2000) portrayed that the economic growth has positive effect
on crude oil import in Thailand during 1992–2010. However,
Mardiana et al. (2013) reported that for the case of Indonesia,
oil import (crude oil and petroleum product) is more affected
by transportation fuel consumption while the role of economic
growth is insignificant.

Camacho-Gutiérrez (2010) provided an empirical evidence
that the US import demand for Mexican crude oil responds
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positively to changes in income between 1990 and 2010.
Moore (2011) found support for this result in Barbados from
1998 to 2009. This positive effect of economic growth on
crude oil import has also been validated in West Africa. For
instance, Marbuah (2017) found that income has increasing
impact on crude oil import in Ghana from 1980 to 2012. Also,
Altinay (2007) showed that income has both short-run and
long-run impacts on import demand for crude oil in Turkey
during the 1980–2005 period, while for the same country,
Ozturk and Arisoy (2016) obtained related results after ana-
lyzing data covering 1966–2012. In contrast to this finding,
Ediger and Berk (2011) found that changes in crude oil im-
ports in the same country are not significantly affected by
economic growth during 1968–2007. The findings for Spain
appear to contrast markedly from those obtained for other
countries. This is evident in the analysis conducted by
Balaguer et al. (2015), where unidirectional causality runs
from aggregate energy import to economic growth from
1900 to 2012. Further, Fedoseeva and Zeidan (2018) reported
income as the most significant driver of European energy
imports.

In conclusion, the foregoing shows that the existing
studies in this area suffer from a number of shortcomings.
The studies on bivariate oil-growth nexus and the few stud-
ies on trivariate oil-growth-emission link are inconclusive
given their diverse findings and concentrations in Asia and
developed countries, with very few studies on Africa. Also,
literature on energy import is just developing as shown by
the review while only four studies are identified for Africa
(Ziramba 2010 for South Africa; Marbuah 2017 for Ghana;
Adewuyi 2016 & Adewuyi and Awodumi 2020 for
Nigeria) despite the heavy dependent of most developing
countries, especially African countries, on energy (crude or
refined petroleum) import in production activities. Most
studies analyzed the drivers of energy import in which
income or economic growth plays a key role but did not
recognize the fact that energy import could also propel
growth. Thus, such analysis could lead to simultaneity bias
and unreliable model estimates. Besides, the role of energy
import in pollution was neglected, while the possibility of
the effect of structural breaks was also ignored. Causality
analysis conducted in most of these studies has been based
on bivariate framework which is not robust given the com-
plexity of economic relationship, while threshold analysis
that can aid policy analysis was not conducted. Moreover,
these studies focused on only aggregate analysis but failed
to investigate the sectoral links which limit policy implica-
tions that could be drawn. There is no study that quantifies
net growth-emission effects (clean production) and net
growth-energy import effects (energy import efficiency)
as indicators of sustainable growth.

This present study therefore fills (or addresses) the above
highlighted gaps (or shortcomings) by quantifying and

analyzing the link among refined petroleum import, economic
growth, and carbon emission in Nigeria and South Africa at
aggregate and sectoral levels using the most recent multivar-
iate Grange causality approach and simultaneous equation
model (correct for structural breaks) with threshold regression
analysis. The above discussions are summarized in Table 10
in Appendix 1.

Theory and methods

Theory

According to sustainable development literature, a sustain-
able economic growth can be achieved only when the rel-
ative contribution of income or output to achieving energy
efficiency and improved environmental quality (clean pro-
duction) is more than the relative contributions of input of
energy and environment to output (Zuo and Ai 2011; Hu
et al. 2011; Omer 2008; Yu et al. 2006; Yang et al. 2004).
This implies that the net effect of growth-emission nexus
leads to fall in emission (low carbon development–clean
production) combined with the net effect of growth-energy
nexus which should be a reduction in energy use (energy
conservation–energy efficiency). Thus, there is a need for
an empirical investigation of the energy-growth-pollution
nexus through which the validity of the foregoing can be
ascertained for the countries of interest in this study.
Investigating the energy (import)-growth-pollution nexus
requires an integrated approach that combines endogenous
growth model with energy import demand and pollution
production models.

Growth model

The endogenous growth model emphasizes the role of human
capital development [L(H)—knowledge] apart from physical
labor and capital (L and K—primary inputs) as well as tech-
nological efficiency (A) in driving long-run real economic
(income) growth (Y) (Romer 1996; and Jones and Manuelli
1997).

Y ¼ A*K*L*L Hð Þ ð1Þ

Equation 1 can be expressed in per capita terms as follows:

y ¼ a*k*H ð2Þ
where y = output per capita; k = investment per capita or
capital-labor ratio; H = human capital development; and a =
productivity growth or efficiency parameter, which is driven
by some factors including imported petroleum per capita (em)
and environmental quality (carbon emission per capita—co2),
financial development (F), and trade openness (T).
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Productivity growth or efficiency parameter can be given as
follow:

a ¼ f em; co2; F;Tð Þ ð3Þ

Imported refined petroleum (em) has been seen as either a
critical intermediate input in the production process (Shahbaz
et al. 2013; Dasgupta and Roy 2015) or a facilitator of effi-
ciency of primary inputs (Adewuyi and Awodumi 2017b).
Environmental quality has also been argued to facilitate pro-
ductivity and efficiency (or otherwise) of the primary inputs
depending on the level of carbon emission (co2) from produc-
tion and its effects on human (labor) health. Other drivers of
productivity and long-run growth are human capital develop-
ment (measured as % of primary school enrolment in gross
enrolment-H), financial development (measured as % of pri-
vate sector credit in total credit -“F”), and trade openness
(measured as % of total trade in GDP -“T”) (Shahbaz et al.
2013; Dasgupta and Roy 2015; and Adewuyi and Awodumi
2017b).

Substituting for “a” in Eq. 2, we have Eq. 4; we have an
extended growth model expressed in per capita form as fol-
lows:

y ¼ em*co2*k*F*T*H ð4Þ

In the energy-growth literature, four hypotheses are
commonly used to describe the link between economic
growth and energy consumption. These are the conserva-
tion hypothesis, the growth hypothesis, the feedback hy-
pothesis, and the neutrality hypothesis (Adewuyi and
Awodumi 2017a, b). The conservation hypothesis suggests
that economic growth raises the level of energy consump-
tion through increased economic activities across all sec-
tors. In most countries, petroleum products remain the
largest form of energy used in industries and other sectors,
and for developing economies, these products are largely
imported. Higher incomes could however create incentives
for an economy to adopt alternative energy sources such as
renewable energy which tends to reduce petroleum import.
The growth hypothesis holds that energy consumption
drives economic growth as it represents a major input in
the production processes by facilitating the functioning of
both capital and labor. According to the feedback hypoth-
esis, there exists bidirectional link between growth and
energy consumption while the neutrality hypothesis states
that no causal link exists between energy consumption and
growth.

Energy (import) demand model

Based on the imperfect substitution model with budget con-
straint and utility function of a representative consumer which
contains two goods—local and foreign products—the

constrained optimization problem will yield demand function
for both local and imported goods (Goldstein and Khan 1985;
Narayan and Smyth 2005; and Adewuyi 2016). Summing
import demand function of all consumers in the economy
gives an aggregate import demand function in which the quan-
tity of import demand (M) is a direct function of the level of
aggregate real income of the importing country(Y) and rela-
tive price (RP) which is the ratio of import price and domestic
price of substitutes or import competing goods.

M ¼ Y*RP ð5Þ

Assuming that import demand includes energy products,
therefore, energy import (EM) model in line with Adewuyi
(2016) and Mensah et al. (2016) is specified as follows:

EM ¼ Y*RP ð6Þ

This means that the aggregate energy import (EM) de-
mand depends on real income level (Y) and relative price
(RP). Thus, high real income encourages energy
(petroleum) import while high relative price discourages
it. Energy (import) demand model accounts for the role
of physical capital (K) which requires energy to function;
financial capital (F) which is required to finance import;
and environmental conditions (CO2 emissions) which de-
termines the kind of energy used (Mensah et al. 2016; and
Adewuyi and Awodumi 2017b). We have the following
equation in per capita term:

emt ¼ yt*RPt*kt*Ft*co2t ð7Þ

Pollution (carbon emissions) production model

The consideration of carbon emission implication of the
energy-growth nexus becomes imperative as economic
growth largely rests on increased energy (petroleum) con-
sumption. Output (goods) and carbon emission (bads) are
joint output in the production process (Adewuyi and
Awodumi 2017b). Also, a high carbon emission has been
variously associated with a high fossil fuel consumption re-
quired to compliment primary inputs (Apergis et al. 2018; Ma
et al. 2019). Thus, the production of carbon emission (CO2)
depends on the level of real economic activities (output) or
income (Y); petroleum consumption, which is mainly
imported (EM); physical capital (K); and financial develop-
ment (F) and trade openness (T).

CO2t ¼ Yt*EMt*Kt*Ft*F ð8aÞ

In per capita terms, Eq. 8a can be written as:

co2t ¼ yt*emt*kt*Ft*Tt ð8bÞ
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Energy (import)-growth-emission nexus

A simultaneous equation model can then be specified for the
link between energy import, economic growth, and environ-
mental quality (pollution) as follows:

y ¼ k*em*H*F*T*co2 ð9Þ
emt ¼ yt*RPP*kt*Ft*co2t ð10Þ
co2t ¼ yt*emt*kt*Ft*Tt ð11Þ

Methods

Following from the foregoing theoretical framework, the
study first adopts multivariate linear and nonlinear Granger
causality to establish the causal relationship among the vari-
ables. It thereafter employs simultaneous equation approach
as well as dynamic threshold technique to provide more robust
estimates of the empirical analysis.

Multivariate linear and nonlinear Granger causality test

This study employs the most recent multivariate Granger cau-
sality method by Bai et al. 2018 which is a refinement of the
previous approach discussed in Bai et al. (2011). It was no-
ticed that the central limit theory prescribed by Hiemstra and
Jones (1994) and enlarged by Bai et al. (2010) as well as
applied by Bai et al. (2011) is invalid for statistical inference
(Bai et al. (2018)). This led to its re-estimation of the proba-
bilities and reestablishment of the central limit theory that
support the new test statistic developed by Bai et al. (2018).

Starting with Bai et al. (2011), the multivariate linear
Granger causality method can be used to test the linear rela-
tionship between two vectors of different stationary time se-
ries say Xt = (x1,t, ..., xn1, j) and Yt = (y1,t, ..., yn2, j), where there
are n1 + n2 = n series in total, and then the following n-equa-
tion VAR system can be applied as follows:

VAR framework

xt
yt

� �
¼ Ax n1�1½ �

Ay n2�1½ �

� �
þ Axx Lð Þ n1 � n1½ � Axy Lð Þ n1 � n2½ �

Ayx Lð Þ n2 � n1½ � Ayy Lð Þ n2 � n2½ �
� �

þ xt−1
yt−1

� �
þ ex;t

ey;t

� �
ð12Þ

where Ax n1�1½ � and Ay n2�1½ � are two vectors of intercept terms;

Axx(L)[n1 × n1], Axy(L)[n1 × n2], Ayx(L)[n2 × n1], and
Ayy(L)[n2 × n2] are matrices of lag polynomials and ex,t and
eyz,t are corresponding residual terms.

In order to test the multivariate causal relationship between
vectors X and Y, the following null hypotheses H0

1: Axy(L) =
0, H0

2: Ayx(L) = 0 and both are tested and there are four dif-
ferent situations for the causality relationships which include:

1) Unidirectional causality occurs from Y to X if H0
1 is

rejected but H0
2 is not rejected.

2) There is unidirectional causality from X to Y if H0
2 is

rejected but H0
1is not rejected.

3) Feedback relation occurs when both H0
1 and H0

2 are
rejected.

4) Xt and Yt are not related (independent) when both H0
1 and

H0
2 are not rejected.

Meanwhile, if the time series are cointegrated, then a re-
stricted VAR (ECM-VAR) is employed to test the causality
relationship between two vectors of non-stationary time se-
ries. In doing so, let Xt = (X1, t,…, Xn,t) and Yt = (y1, t,…,yn,t)
and let Xit = Xit and Yit = Yit be the corresponding stationary
differencing series such that there are n1 + n2 = n series in total.
Thereafter, if Xt and Yt are cointegrated, then the ECM-VAR
model below can be adopted:

ECM-VAR framework

xt
yt

� �
¼ Ax n1�1½ �

Ay n2�1½ �

� �
þ Axx Lð Þ n1 � n1½ � Axy Lð Þ n1 � n2½ �

Ayx Lð Þ n2 � n1½ � Ayy Lð Þ n2 � n2½ �
� �

þ xt−1
yt−1

� �
þ ∝x n1 � 1½ �

∝y n2 � 1½ �
� �

ecmt−1 þ ex;t
ey;t

� �
ð13Þ

where ecmt-1 is the lag 1 case error correctionmodel parameter
and ∝x[n1 × 1] and ∝y[n2 × 1] are vector of coefficients of ecmt-

1 term. Equation 13 shows that causation can occur through
either the lagged dynamic terms or the error correction term.
Thus, one could test the null hypotheses of H0

1: Axy(L) = 0
and/or H0

2: Ayx(L) = 0 to identify the causality relationship.
According to Bai et al. (2010) and Bai et al. (2011), multi-

variate nonlinear causality is also conceptually similar to bi-
variate nonlinear causality test developed by Baek and Brock
(1992) and subsequently refined by Hiemstra and Jones
(1994). In order to identify any nonlinear Granger causality
relationship between two vectors of the time series, say
Xt = (X1, t,…,Xn,t)′ and Yt = (Y1, t,…,Yn,t)′ in the multivariate
scheme, one has to first obtain the residuals from either the
VAR or ECM-VAR model above and thereafter apply a non-
linear Granger causality test to the residual series.

In the new procedure for estimating the linear (and nonlin-
ear) Granger causality by Bai et al. (2018), all series are stan-
dardized such that a common standard deviation (1) is shared,
(Yt − mean(Yt))/SD(Y1t), where SD is the standard deviation.

Simultaneous equation model

In consistency with the theoretical framework earlier present-
ed and the empirical literature on growth (Barro, 2003 and
Shahbaz et al. 2013), energy import demand (Adewuyi
2016; Mensah et al. 2016), and environmental Kuznets curve
(Grossman and Krueger 1995), this study re-specifies Eqs. 9
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to 11 in log-linear and per capita terms and also captures the
effect of structural break in petroleum import:

ln GDPPCð Þt ¼ α0 þ α1ln CO2PCð Þt þ α2ln PIMPCð Þt
þ α3ln PCAPð Þt þ α4ln HCAPð Þt
þ α5ln FDEVð Þt þ α6ln PIMPDUð Þt
þ εt ð14Þ

ln CO2PCð Þt ¼ θ0 þ θ1ln GDPPCð Þt þ θ2ln PIMPCð Þt
þ θ3ln PCAPð Þt þ θ4ln TOð Þt
þ θ5ln FDEVð Þt þ θ6PIMPDUt þ πt ð15Þ

ln PIMPCð Þt ¼ δ0 þ δ1ln GDPPCð Þt þ δ2ln CO2PCð Þt
þ δ3ln EXRð Þt þ δ4ln FDEVð Þt
þ δ5ln PCAPð Þt þ δ6PIMPDUt þ μt ð16Þ

where GDPPC =GDP per capita; PIMPC = petroleum import
pen capita; CO2PC = carbon emission per capita; PCAP =
physical capital; HCAP = human capital; FDEV = financial
development; TO = trade openness; EXR = exchange rate;
and PIMPDU = petroleum import structural break dummy.
εt, πt, and μt are the stochastic terms. These variables are well
defined and measured in Table 1.

The same simultaneous equation model is specified for each
sector, but the output variable (GDPPC) is replaced by the re-
spective sector’s GDP such that AGDPPC, MGDPPC, and
SGDPPC are the per capital output in the model for agricultural,
manufacturing, and service sectors, respectively. The study
adopts both three-stage least square (3SLS) and system general-
ized method of moments (sys-GMM) to estimate the specified
simultaneous equation models. These techniques provide a ro-
bust estimator that accounts for the inherent contemporaneous
correlation of the error terms and correlation among the explan-
atory variables (endogeneity). Owing to data availability con-
straint, empirical analysis in this study covers the period of
1981–2015. Also, all missing values6 are interpolated using 5-
year averagewhile all the series are used in their natural log form.

Threshold approach

This study further investigates the contingency effects of pe-
troleum import on the link between carbon emissions and
economic growth. The threshold regression approach
suggested by Hansen (1999, 2000) is therefore adopted to
explore the nonlinear behavior of carbon emission and

economic growth in the presence of petroleum import.
Based on the two-regime threshold regression, the following
model is specified for both aggregate and sectoral analyses
using petroleum import as a threshold variable:

GDPPCt ¼ α1 þ β1CO2PCt þ μt; I PIMPCt < γð Þ
α2 þ β2CO2PCt þ μt; I PIMPCt ≥γð Þ

�
ð17Þ

ð18Þ
where I(.) is 1 when the argument in parenthesis is valid, and 0
if otherwise. The threshold variable is the petroleum import per
capita (PIMPC) which is used to categorize the sample into two
regimes such that regime 1 represents the samples below the
threshold and regimes 2 are those above the threshold. Also, the
effect of carbon emission per capita onGDP per capita isβ1 and
β2 within the low and high regime, respectively (Eq. 17) while
the impact of GDP per capita on the carbon emission per capita
is θ1 and θ2 respectively (Eq. 18). The unknown threshold
parameter is γ and ϕ in the respective equation while the ran-
dom variable is μt and пt, respectively.

Similarly, by employing GDPPC as threshold variables, we
have:

PIMPCt ¼ α1 þ β1CO2PCt þ μt; I GDPPCt < γð Þ
α2 þ β2CO2PCt þ μt; I GDPPCt ≥γð Þ

�
ð19Þ

ð20Þ

In the same vein, utilizing CO2PC as threshold variables
leads to the following:

PIMPCt ¼ α1 þ β1GDPPCt þ μt; I CO2PCt < γð Þ
α2 þ β2GDPPCt þ μt; I CO2PCtt ≥γð Þ

�
ð21Þ

ð22Þ

The procedures for estimating the threshold regression of
Hansen (1999, 2000) follow three stages. The first step involves
the computation of the sum of square errors (SSE) for a given

threshold. Next is the estimation of bγ and bϕ� �
by minimizing6 Total petroleum import is interpolated (1985, 1996, 1997, 2013 and 2014);

capital input (2014)

14442 Environ Sci Pollut Res  (2021) 28:14434–14468



the sum of squares. Consequently, an F test is conducted to
determine the existence of a threshold effect and to test the null
hypothesis of linearity (such asH0: β1= β2; andH0: θ1=θ2 in the
threshold models in Eqs. 17 and 18). The F test is computed as:

F γð Þ ¼
SSE0−SSE1 bγ� �

=1

SSE1 bγ� �
=n T−1ð Þ

¼
SSE0−SSE1 bγ� �

bσ2 ð23Þ

A threshold effect is said to exist if the null hypothesis is
rejected. Using Hansen’s (1996) heteroscedasticity-consistent
Lagrange multiplier (LM) test for thresholds, Hansen (1999,
2000) proposed a “bootstrap” method to compute the asymp-
totic distribution statistics using likelihood ratio to test the
significance of threshold effect. Specifically, since the boot-
strap procedure attains the first-order asymptotic distribution,
the associated p-values are asymptotically valid and reliable.

Empirical results and discussion

Preliminary analysis

The descriptive statistics of the variables used in the regression
analysis is presented in Table 2. The statistics show that the
average GDP per capita, manufacturing output per capita, and
service output per capita are higher in South Africa than in
Nigeria. Also, the average petroleum import per capita is higher
in Nigeria (44 l) than in South Africa (39 l), but themean level of
carbon emission per capita is 9266 thousandmetric tons in South
Africa compared to 606 thousandmetric tons in Nigeria. In terms
of the variability, the GDP per capita appears to be the most

volatile among the variables of interest in both countries with
the standard deviation of 462.01 and 626.20 for Nigeria and
South Africa respectively. In the same vein, all sectoral outputs
are more volatile in South Africa than Nigeria, except the service
output. Similarly, variability is observed to be larger in South
Africa for petroleum import capita and carbon emission per
capita than in Nigeria. The trends of aggregate and sectoral out-
puts, energy import, and carbon emissions for South Africa and
Nigeria are presented in Figs. 7, 8, 9, and 10 in Appendix 2.

As reported in Table 3, the results of correlation analysis show
weak association among explanatory variables but modest asso-
ciation between petroleum import per capita and agricultural
output per capita for Nigeria. In the case of South Africa, a weak
correlation is generally observed in most of the explanatory var-
iables. Moreover, existence of structural break in petroleum im-
port per capita is noticed in Nigeria and South Africa as test
results indicate 2000 and 1998 as break dates, respectively.
Consequently, in addition to conventional unit root tests (ADF,
PP, and KPSS), unit root with structural break test (Perron 2006)
and nonlinear unit root tests (KSS and Kruse) were conducted.
The overall results from these tests suggest mixed level of sta-
tionarity among the series, which further informs the use of both
linear and nonlinear estimation techniques, as well as SEM
modelling as the series are used in the estimation accordingly
(Table 4). All original unit root results are contained in Tables 11,
12, 13, 14, 15 in Appendix 3.7

7 Appendix 3: Table 11, Conventional unit root test results; Table 12,
Conclusion for conventional unit root tests; Table 13, nonlinear unit root tests;
Table 14, Conclusion for nonlinear unit root tests; Table 15, Unit root tests
with structural breaks (Perron 2006)

Table 1 Variable description and data sources

Variable Description Measurement Data sources

GDPPC Aggregate output GDP per capita (constant 2005 US$) World Bank, World Development Indicators, 2017
AGDPPC Agricultural output Agriculture, value added per capita

(constant 2005 US$)
World Bank, World Development Indicators, 2017

MGDPPC Manufacturing output Manufacturing, value added per capita
(constant 2005 US$)

World Bank, World Development Indicators, 2017

SGDPPC Service output Services, etc., value added per capita
(constant 2005 US$)

World Bank, World Development Indicators, 2017

PIMPC Import of refined petroleum products Total imports of refined petroleum
products (liters per capita)

United States Energy Information Administration

PCAP Capital input Gross fixed capital formation per capita
(constant 2005 US$)

World Bank, World Development Indicators, 2017

HCAP Human capital development Primary school enrolment (% of gross
enrolment)

World Bank, World Development Indicators, 2017

EXR Exchange rate Real effective exchange rate index
(2010 = 100)

World Bank, World Development Indicators, 2017

CO2PC Carbon emission 1000 metric tons per capita World Bank, World Development Indicators, 2017
FDEV Financial capital Domestic credit to private sector (% of

GDP)
World Bank, World Development Indicators, 2017

TO Trade openness Trade (% of GDP) World Bank, World Development Indicators, 2017
PIMPDU Petroleum import dummy D = 1 after break; 0 otherwise Computed

Source: Author’s compilation
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Granger causality among petroleum import, output,
and carbon emission

The results of the multivariate linear and nonlinear Granger
causality tests conducted among aggregate and sectoral output,
petroleum import, and carbon emission (in per capita terms) are
reported in Table 5. For both Nigeria and South Africa, there is
no evidence of nonlinear Granger causality among the variables
for almost all the models. At the aggregate level, results for
Nigeria show that linear and nonlinear causality runs from
GDP to carbon emissions and petroleum import without any
feedback. This suggests that economic growth can cause the
petroleum import-carbon emission link in Nigeria, which may
be traced to the ability to promote the use of carbon-reducing
techniques in the face of continual consumption of petroleum
import. Further, unidirectional linear causality moves from car-
bon emissions to petroleum import and GDP, and from petro-
leum import to carbon emissions and GDP. Thus, concerns for
the environment can alter the relationship between income
growth and consumption of imported petroleum products, just
as changes in petroleum imports have serious implication for

growth-environment nexus in the country. At sectoral level,
linear Granger causality is observed to run jointly from carbon
emission and petroleum import per capita to each of Nigeria’s
agricultural and service output while the reverse causality is
only valid for the case of manufacturing output. This indicates
that, in the presence of petroleum import, concern for the envi-
ronment has major influence on agricultural and service output
performance, while manufacturing output yields a major influ-
ence on the relationship between petroleum import and the
environment. However, for the agricultural and manufacturing
sectors, output and petroleum import jointly Granger cause car-
bon emissions. For service sector, feedback effect is found.
Moreover, carbon emission combined with each of agricultural
and service output to produce unidirectional causality running
to petroleum import. While this effect is not observed for the
manufacturing sector, the reverse causality is evident. There is
therefore evidence of different multivariate links at sectoral
levels producing important impacts on each variable in Nigeria.

In the case of South Africa, results from aggregate analysis
could only establish linear Granger causality jointly running
from carbon emissions and GDP to petroleum import, with

Table 3 Correlation statistics

AGDPPC CO2PC EXR FDEV GDPPC HCAP MGDPPC PCAP PIMPC PIMPDU SGDPPC TO

Nigeria

AGDPPC 1.00

CO2PC −0.03 1.00

EXR −0.41 0.39 1.00

FDEV 0.31 0.24 0.06 1.00

GDPPC 0.91 0.08 −0.14 0.33 1.00

HCAP −0.32 0.67 0.60 0.03 −0.17 1.00

MGDPPC 0.73 0.01 −0.14 0.10 0.86 −0.28 1.00

PCAP 0.24 0.35 0.34 0.26 0.52 0.25 0.58 1.00

PIMPC 0.70 0.49 −0.12 0.36 0.65 0.16 0.39 0.27 1.00

PIMPDU 0.80 −0.02 −0.42 0.27 0.63 −0.13 0.36 0.02 0.66 1.00

SGDPPC 0.95 −0.09 −0.31 0.28 0.97 −0.36 0.87 0.39 0.58 0.68 1.00

TO −0.03 −0.41 −0.50 0.01 −0.29 −0.26 −0.44 −0.38 −0.12 0.25 −0.19 1.00

South Africa

AGDPPC 1.00

CO2PC 0.41 1.00

EXR −0.01 0.32 1.00

FDEV −0.34 −0.35 −0.73 1.00

GDPPC 0.23 0.32 −0.47 0.57 1.00

HCAP −0.24 −0.56 −0.39 0.56 −0.10 1.00

MGDPPC 0.35 0.68 0.01 −0.04 0.69 −0.51 1.00

PCAP 0.34 0.77 0.05 −0.02 0.67 −0.43 0.82 1.00

PIMPC 0.03 0.05 −0.54 0.75 0.87 0.21 0.43 0.40 1.00

PIMPDU −0.11 −0.16 −0.75 0.77 0.74 0.24 0.29 0.15 0.78 1.00

SGDPPC 0.16 0.17 −0.56 0.69 0.98 0.03 0.54 0.55 0.90 0.79 1.00

Source: Computed
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similar finding observed in the service sector. In the agricul-
tural sector, unidirectional linear Granger causality runs from
output to carbon emissions and petroleum import and from
carbon emissions to output and petroleum import. Thus, agri-
cultural output performance is important for the link between
consumption of imported petroleum products and environ-
mental pollution, which may in turn dictate the relationship
between agricultural output and petroleum import. There is
also linear Granger causality running jointly from carbon
emission and agricultural output to petroleum import. For
the manufacturing sector, carbon emissions Granger causes
output and petroleum import, while this import causes both
output and carbon emissions. Thus, environmental targets
have important simultaneous consideration for manufacturing
output and petroleum imports, which may mediate the link
between manufacturing output and pollution.

The foregoing results of the multivariate causality method
provide evidence of linear, direct, indirect (mediating and joint),
and simultaneous effects of the variables on one another. In
order to properly capture these effects, there is a need to set
up a simultaneous equation model which will not only clearly
show the effects but will also resolve the potential endogeneity
issue and provide empirical estimates that will permit the cal-
culation of net effects of growth-emission nexus and net effect
of growth-energy import link that will serve as indicator of the
levels of attainment of sustainable growth in South Africa and
Nigeria. These estimates would be useful for policy analysis.

Results from simultaneous equations model (SEM)

The complete link, as well as magnitude of impact, among
energy import, economic growth, and carbon emissions is
further investigated using simultaneous equation model in
the presence of a number of control variables. The article
estimates both the three-stage least square (3SLS) and the

system generalizedmethod ofmoments (sys-GMM)with sim-
ilar results, both in sign and magnitude. This possibility is
confirmed in the literature as multiple-equation GMM tends
to reduce to full-information instrumental variable (IV) effi-
cient estimator when conditional homoscedasticity is present.
It ultimately reduces to 3SLS when all the equations have
identical set of IVs (Hayashi 2000; and Adewuyi and
Awodumi 2017b). The preference for 3SLS over the other
instrumental variable (IV) approaches (2SLS and GMM) is
based on the idea that it could correct for both endogeneity
problem and contemporaneous correlation of the error terms
across equations (Hayashi 2000; and Adewuyi and Awodumi
2017b). Hansen tests, which are used to verify the validity of
the instruments employed, are insignificant for all the models,
suggesting that the instruments are valid.

The full results from the 3SLS are provided in Appendix 3
(Tables 16, 17, 18, and 19) for aggregate and sectoral (agri-
cultural, manufacturing, and service) output. For the purpose
of clarity, summarized 3SLS results are used in the aggregate
and sectoral analyses below with figures. Further analysis is
conducted by examining the achievement of sustainable eco-
nomic growth (SEG) in South Africa and Nigeria via the val-
idation of the proposition that SEG is achieved when the con-
tribution of income per capita to the improvement in environ-
mental quality and energy efficiency outweighs the relative
contribution of both petroleum import and environment to
income growth (Zuo and Ai 2011; Hu et al. 2011; Omer
2008;). This means the attainment of clean production (or
low carbon development) and energy efficiency.

Petroleum import, aggregate output, and carbon emissions
in South Africa and Nigeria

Based on the 3SLS estimates of the SEM, the nexus among
petroleum import, aggregate output, and carbon emission is

Table 4 Overall decision across the conventional, unit root with structural break(s) and nonlinear unit root

Variables Conventional unit root test Unit root with structural break(s) Nonlinear unit root tests Final decision

Nigeria South Africa Nigeria South Africa Nigeria South Africa Nigeria South Africa

CO2PC I(1) I(1) I(0) I(0) I(1) I(1) I(1) I(1)

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

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

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

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

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

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

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

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

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

TO I(1) – I(1) – I(0) – I(1) –
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presented in Fig. 1. It can be seen that, with and without
accounting for structural break in petroleum import, there
are incomplete links among the variables. Therefore,
growth-emission nexus occurs in both South Africa and
Nigeria, while petroleum import-emission nexus exists only
in Nigeria. However, petroleum import-growth nexus is ob-
served only without accounting for structural break in both
countries.

When structural break in petroleum import is considered,
growth and emission have significant negative effect on each
other in both South Africa and Nigeria (Table 6). This means
that 1% rise in growth in South Africa and Nigeria reduces
emission by 2.005% and 2.930%, respectively, while 1% in-
crease in emission also reduces growth by 0.491% and
0.298%, respectively. This yielded the net effects of 1.514%
and 2.632% reduction in emission, respectively, supporting
the low carbon development or clean production aspect of
the sustainable development (Zuo and Ai 2011). This feed-
back (bidirectional) hypothesis is confirmed by Apergis and
Payne (2014) for the case of 7 Central American countries.
Further, with and without accounting for structural break, pe-
troleum and emission have significant negative effect on each
other in Nigeria, a bidirectional relationship that is also sup-
ported by Al-Mulali (2011) and Azam (2019). Thus, 1% rise
in petroleum import reduces emission by 0.180%, while 1%
increase in emission also reduces petroleum import by
4.115%, and the net effect is 3.935% reductions in petroleum
import. For South Africa, only emission has significant posi-
tive effect on petroleum import in the absence of structural
break. This means that 1% rise in emission increases petro-
leum import by 1.820%. Also, in the absence of structural
break, growth and petroleum import have significant positive
effect on each other in both South Africa and Nigeria. Thus,
1% rise in petroleum import raises output in South Africa and
Nigeria by 0.110% and 0.142%, respectively, while 1% rise in
output also increases petroleum import by 7.302% and
5.443% respectively, and the net effects are 7.192% and
5.301% increases in petroleum import, respectively. These
results indicate the existence of feedback hypothesis between
petroleum import and economic growth, in line with Saboori
and Sulaiman (2013), Lim et al. (2014), Park and Yoo (2014),
and Azam (2019).

Against the above analysis, the proposition that sustainable
growth can be attained with clean production or low carbon
development (arising from the net effect of growth-emission
nexus) and energy efficiency (stemming from the net effect of
growth-petroleum import nexus) cannot be established for
South Africa and Nigeria irrespective of the assumption of
structural break in the analysis. Specifically, although the net
effect of growth-emission nexus (which is clean production) is
established for both countries, considering the structural
break, the net effect of growth-petroleum import nexus cannot
be estimated for them due to statistically insignificant results.T
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Also, although the net effect of growth-petroleum import nex-
us is established, without considering the structural break, the
net effect of growth-emission nexus cannot be estimated for
the countries due to statistically insignificant results. Besides,
the estimated net effect of growth-petroleum import nexus is
positive and high in terms of energy use, which means energy
inefficiency.

Petroleum import, agricultural output, and carbon emissions
in South Africa and Nigeria

The relationship among petroleum import, agricultural sector
output, and carbon emission is shown in Fig. 2 which is de-
rived from the results of the 3SLS. There are overwhelming
partial (bivariate) links between the variables. Without ac-
counting for a structural break, growth-emission nexus exists
in both South Africa and Nigeria (also hold accounting for
structural break in Nigeria’s case). Further, petroleum
import-emission nexus occurs in Nigeria without accounting
for structural break, while it exists in South Africa accounting
for a structural break. However, growth-petroleum import
nexus occurs only in Nigeria without accounting for a struc-
tural break. Complete output-energy-emission link exist for
Nigeria when a structural break is not considered.

Without accounting for structural break, growth and emis-
sion generate significant negative effect on each other in
South Africa but reveal significant positive effect in Nigeria
(Table 6). A significant negative bidirectional impact is exhib-
ited accounting for structural break only in Nigeria’s case.
Thus, 1% rise in growth engenders a fall in emission by
0.952%, while similar increase in emission leads to 1.039%
reduction in growth in South Africa. Also, 1% improvement
in economic growth in Nigeria raises (reduces) the level of
carbon emission by 0.338% (1.093%) as a similar increase in
emission contributes 2.882% (0.673%) to the increase
(reduction) in the economic growth without (considering)
the influence of structural break (Table 6). These bidirectional

links between growth and emission were confirmed by
Adewuyi and Awodumi (2017b) in 7 West African countries,
including Nigeria. In Nigeria, the net effects are 0.087% fall in
emission and 2.544% rise in output with and without structur-
al break, respectively, and this further confirms the proposi-
tion of Zuo and Ai (2011). In South Africa, the net effect is
0.141% reduction in output.

Further, petroleum import and emission produce negative
effect on each other in Nigeria (without accounting for a struc-
tural break), while they also generate similar effect in South
Africa (accounting for structural break). Therefore, 1% in-
crease in petroleum import leads to 0.261% fall in emission
in Nigeria, while a similar rise in emission results in 3.846%
fall in petroleum import and the net effect is 3.585% fall in
Nigeria’s petroleum import. In the case of South Africa, 1%
increase in petroleum import leads to 0.041% fall in emission,
while a similar rise in emission results in 4.44% falls in petro-
leum import and the net effect is 4.399% fall in South Africa’s
petroleum import. These findings are supported by Al-Mulali
(2011) and Shafiei and Salim (2014) for MENA and OECD
countries, respectively.

Moreover, growth and petroleum import exert positive im-
pact on each other only in Nigeria (without accounting for
structural break). Thus, 1% rise in growth leads to 1.30%
increase in petroleum import while a similar rise in petroleum
import raises growth by 0.771% in Nigeria yielding a net
effect of 0.529% increase in Nigeria’s petroleum import.
While the results for the case of South Africa supports the
growth hypothesis similar to Awodumi and Adewuyi (2020)
for Angola, Egypt, and Nigeria, the findings for Nigeria fol-
low the feedback hypothesis in the energy-growth literature as
confirmed by Ziramba (2009) in the author’s hypothesis be-
tween crude oil and economic growth in South Africa. Thus,
there is no evidence of complete links among petroleum im-
port, growth, and carbon emission in the agricultural sector in
both countries.

The foregoing analysis of the agricultural sector shows
evidence of positive net effect on the environment (with or
without a structural break) and increasing net effect on
petroleum import (without a structural break) in Nigeria.
In South Africa, there is an evidence of negative net effect
on output without accounting for a structural break. Thus,
the sustainable growth proposition (existence of clean pro-
duction or low carbon development and energy efficiency)
in the agricultural sector could not be established in both
countries. In particular, although in Nigeria, the net effect
of growth-emission nexus suggests a clean production, the
net effect of growth-petroleum import nexus suggests en-
ergy inefficiency. In the case of South Africa, the net effect
of growth-emission nexus does not support a clean produc-
tion while the net effect of growth-petroleum import nexus
cannot be determined as estimates are statistically
insignificant.

NG, SA (WB)
NG, SA (WTB) 

NG (WB, WTB)

Fig. 1 Aggregate economic growth, petroleum import, and CO2 emission
in Nigeria and South Africa. Source: Author; from regression results: NG,
Nigeria; SA, South Africa; WB, model with structural break; WTB,
model without structural break
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Petroleum import, manufacturing output, and carbon
emissions in South Africa and Nigeria

Following the results of the 3SLS, the petroleum import-
manufacturing output-emission nexus is shown in Fig. 3.
There is a complete link among the variables in both countries
when the structural break in petroleum import is taken into
consideration. However, while a complete link still exists
among the variables in the absence of structural break in the
case of Nigeria, it does not occur in South Africa. Thus, there
is only a growth-emission link in South Africa in the absence
of structural break.

For the manufacturing sector, with and without considering
a structural break in petroleum import (estimates are very
close), emission and growth exert positive effect on each other
(2.238% and 0.417%) in Nigeria (Table 6). A similar positive
effect also occurs between petroleum import and growth
(0.573% and 1.478%). However, emission and petroleum im-
port have negative effect on each other (−3.859% and −

0.358%). Thus, while the net effect of emission-growth nexus
is 1.821% increase in output, the net effect of petroleum
import-growth nexus is 0.905% increase in petroleum import
and that of emission-petroleum import nexus is 2.551% fall in
petroleum import. Overall, while the growth rises by 1.821%,
that of petroleum import declines by 1.646%. These results
appear not compatible with sustainable development as sug-
gested by Zuo and Ai (2011) that the contribution of growth to
energy efficiency and environment is lower than those con-
tributed by energy input (import) and environment. This is
more plausible following the call for improved sustainability
and energy conservation of industrial production by
Safarzadeh et al. (2020).

Recognizing the structural break, emission and growth
exert positive effect on each other (0.664% and 1.239%) in
South Africa. A similar positive effect also occurs between
petroleum import and growth (0.103% and 6.244%).
However, emission and petroleum import have negative
effect on each other (−6.521% and − 0.158%). Thus, while
the net effect of emission-growth nexus is 0.575% increase
in emission, the net effect of petroleum import-growth nex-
us is 5.141% increase in petroleum import and that of
emission-petroleum import nexus is 6.363 fall in petroleum
import. Overall, while emission rises by 0.575%, petro-
leum import growth declines by 1.222%. In the absence
of structural break, emission and growth generate positive
effect on each other. Thus, 1% rise in emission raises
growth by 0.632% while similar increase in growth raises
emission by 1.089%. The net effect rises in emission by
0.457%. Irrespective of the influence of structural break,
complete feedback hypothesis is supported among all pe-
troleum import, carbon emission, and economic growth in
both countries (except South Africa without structural
break) in the manufacturing sector.

The implications of the above analysis for sustainable
growth are evident. The sustainable growth proposition is
not established in both countries in the manufacturing sector
regardless of the existence of structural break in petroleum
import. Specifically, with or without the structural break, the
emission-growth nexus in Nigeria generates a positive net
effect on output contributing to a clean production or low
carbon development, but the petroleum import-growth nexus
yields increasing net effect on petroleum import producing
energy inefficiency. For South Africa, the net effects of
emission-growth nexus and petroleum import-growth nexus
raise emission and petroleum import, respectively, in the pres-
ence of the structural break. For the same country, similar
increasing net effect on carbon emission is found (for the
emission-growth nexus), though an insignificant petroleum
import-growth nexus is revealed when the structural break is
not considered. Thus, in South Africa, there is no evidence of
clean production and energy efficiency in the manufacturing
sector.

NG (WTB)

NG (WB & WTB)
SA (WTB)

NG (WTB)
SA (WB)

NG (WTB)

Fig. 2 Agriculture sector growth, petroleum import, and CO2 emission in
Nigeria and South Africa. Source: Author; from regression results: NG,
Nigeria; SA, South Africa; WB, model with dummy; WTB, model
without structural break

NG, SA (WB)
NG (WTB)

NG, SA (WB)
NG (WTB)

NG, SA (WB)
NG (WTB)

NG, SA (WB)
NG, SA (WTB)

Fig. 3 Manufacturing sector growth, petroleum import, and CO2
emission in Nigeria and South Africa. Source: Author; from regression
results: NG, Nigeria; SA, South Africa; WB, model with dummy; WTB,
model without structural break
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Petroleum import, service sector output, and carbon
emissions in South Africa and Nigeria

Based on the estimates from the 3SLS, the petroleum import-
service output-emission links are exhibited in Fig. 4. With and
without structural break in petroleum import, there are partial
links among the variables in both countries. With respect to
South Africa, emission-growth nexus occurs with and without
considering the structural break. However, for Nigeria,
emission-petroleum import nexus exists without recognizing
the structural break.

With and without structural break in petroleum import,
emission and growth produce positive effect on each other
(0.300% and 2.851%) in the service sector in the case of
South Africa (Table 6). The net effect rises in emission by
2.551%. These results are in line with Apergis and Payne
(2014), Adewuyi and Awodumi (2017b), and Huo et al.
(2020) for 7 Central American countries, 7 West African
countries, and 30 provinces of China, respectively.
However, for Nigeria, emission and petroleum import exert
negative effect on each other (− 3.392% and − 0.660%) when
the structural break is not recognized. The net effect is fall in
petroleum import by 2.732%. This bidirectional effect is re-
ported by Al-Mulali (2011) for MENA countries. In both
countries, growth hypothesis is confirmed between petroleum
import and economic growth in the service sector, as
confirmed by Awodumi and Adewuyi (2020) where petro-
leum consumption is found to have a significant effect on
the economic growth in Angola, Egypt, and Nigeria.

The implication of the above analysis is that sustainable
growth, which combines clean production and energy effi-
ciency, cannot be confirmed in the service sector for South
Africa and Nigeria, regardless of the structural break. In South
Africa, the negative net effect of the emission-growth nexus

on the environment could not support clean production while
the growth-petroleum import nexus could not be determined.
Also, estimates could not provide support for both the
emission-growth nexus and growth-petroleum import nexus
in Nigeria.

The summary of the interactions among GDP per capita,
petroleum import per capita, and carbon emission per capita
are further presented in Figs. 5 and 6 (based on Table 6) for
model with and without petroleum import structural break,
respectively. Complete significant interactive effects are
found among these variables in the Nigerian manufacturing
sector irrespective of the effect of the structural break in pe-
troleum import. However, in South Africa, this link is only
confirmed in this sector when such break is accounted for.
This is indicative of the heavy dependence on imported

SA (WB, WTB)

NG (WTB)

Fig. 4 Service sector growth, petroleum Import and CO2 Emission in
Nigeria and South Africa. Source: Author; from regression results: NG,
Nigeria; SA, South Africa; WB, model with dummy; WTB, model
without structural break

NG, SA (AGG)
NG (AGR)
SA (SER)

NG (AGG)
SA (AGR)

NG, SA (MAN)

Fig. 5 Links among economic growth, petroleum import, and CO2
emission in Nigeria and South Africa (with structural break dummy).
Source: Author; from regression results: NG, Nigeria; SA, South
Africa; AGG, aggregate GDP; AGR, agricultural GDP; MAN,
manufacturing GDP; SER, service GDP

NG, SA (AGG)
NG (AGR)

NG, SA (AGR)
SA (MAN)
SA (SER) NG (AGR)

NG (MAN)

NG (AGG)
NG (AGR)
NG (SER)

Fig. 6 Links among economic growth, petroleum import, and CO2
emission in Nigeria and South Africa (without structural break
dummy). Source: Author; from regression results: Note: NG, Nigeria;
SA, South Africa; AGG, aggregate GDP; AGR, agricultural GDP;
MAN, manufacturing GDP; SER, service GDP
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refined petroleum products for manufacturing activities in
these countries. While the consumption of such product con-
tributes immensely to increase in manufacturing output, the
carbon emission implication is enormous. In the same vein,
increase in economic activities in this sector yields higher
output that encourages further consumption of imported re-
fined petroleum products with similar emission implication,
which in turn affects the manufacturing productivity through
the state of health of the labor force. This nexus is also con-
firmed for Nigeria for the aggregate and agricultural output
when the structural break is neglected. Generally, feedback
and partial impacts are common among the variables in both
countries, though these effects vary with and without account-
ing for structural break in petroleum import.

The robustness of the above analyzed results obtained from
the 3-stage least squares (3SLS) estimator is checked by esti-
mating the simultaneous equation model with system gener-
alized method of moments (sys-GMM). As stated earlier, the
results obtained are very similar in signs and magnitudes of
the coefficients of the explanatory variables. The similarity in
the results is highlighted in the econometrics literature given
that multiple-equation GMM is likely to collapse to full-
information instrumental variable (IV) efficient estimator with
the presence of conditional homoscedasticity. System-GMM
eventually diminishes to 3SLS since the three equations esti-
mated in this study have identical set of IVs (Hayashi 2000;
and Adewuyi and Awodumi 2017b). However, the 2SLS
could not produce better results. Given that the results are
robust with two different estimators, we proceed to carry out
further analysis using threshold regression that could provide
a framework for policy analysis.

Threshold analysis of energy (petroleum) import-
carbon emission-growth nexus

The study conducts further analysis to determine the optimal
level of per capita petroleum import, carbon emission, and
economic growth that is necessary to spur sustainable eco-
nomic growth. The optimal levels of per capita petroleum
import below (regime 1) or above (regime 2) for which the
additional import of this energy mediates the link between
economic growth and carbon emission are reported in
Table 7.8 The threshold value of petroleum import per capita
for the effect of GDP per capita on carbon emission per capita
is 3.42 for aggregate analysis for the case of Nigeria. For the
same country, the results show that below the threshold level
of petroleum import per capita, aggregate and service GDP
per capita do not exert significant effect on carbon emission
per capita while the manufacturing GDP per capita has an
escalating effect on the carbon emission per capita.

However, over this regime, the agricultural GDP per capita
has a reducing effect on the carbon emission per capita. Above
the threshold, the aggregate and all sectoral output per capita
contribute significantly to the reduction in the carbon emission
per capita. In South Africa, the threshold level of petroleum
import per capita varies across sectors. Nevertheless, both the
aggregate and manufacturing output per capita raise the level
of CO2 per capita significantly in both regimes (above and
below the threshold). However, while the agricultural output
per capita has a significant positive influence on the carbon
emission per capita only in regime 2, the service output per
capita has a similar effect only in regime 1.

The threshold values of the petroleum import per capita for
which it mediates the effect of carbon emission per capita on
GDP per capita is the same as the aggregate for all sectors
considered in Nigeria but they vary across sectors in South
Africa.9 In Nigeria, the influence of carbon emission per
capita on aggregate, as well as manufacturing output per
capita, is significantly positive and negative below and above
the threshold (3.88 and 3.87, respectively). For other sectors
(Agriculture and Service), carbon emission per capita has a
reducing effect on the output per capita in both regimes. In
South Africa, the impact of the carbon emission per capita on
the aggregate and service output per capita is significant
(positive) only in regime 1 while a similar significant impact
is observed only in regime 2 for the agricultural sector. For the
same country, this emission per capita exerts a significant
positive influence on the manufacturing output per capita in
both regimes.

Generally, in Nigeria, GDP per capita has a reducing effect
on the carbon emission per capita above the threshold level at
aggregate and sectoral levels. Thus, keeping petroleum import
per capita above the respective threshold enhances environ-
mental quality as production activities increase. However, the
CO2 emission can only induce increased GDP per capita
when the petroleum import is below the threshold level.
There is therefore a policy dilemma for the country, which
implies that the government must strive to achieve optimal
utilization of energy import so as to attain a low carbon devel-
opment via increasing the application of carbon-reducing pro-
duction techniques as income increases.

In South Africa, a significant positive feedback effect is
found between the carbon emissions per capita and output
per capita in both regimes for the manufacturing sector.
Thus, keeping petroleum import below the threshold value
may manage the adverse effect of higher output on the envi-
ronment. However, results vary across both threshold regimes
for other sectors. This may reflect the varied level of utilization
and sensitivity of the sectors to petroleum requirements.
Consequently, in the agricultural and service sectors, keeping

8 The relevant threshold equation is given as: [CO2PC = f (GDPPC; I(PIMPC
< γ or ≥γ)]

9 The re levant threshold equa t ion is given as [GDPPC = f
(CO2PC; PIMPPC < γ or ≥γ)]
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petroleum import below and above the threshold (respectively)
is important, as such neither raise the carbon emission per
capita nor reduce the output per capita significantly. On the
aggregate, although maintaining the petroleum import beyond
the threshold may increase the CO2 emission per capita which
is associated with high output per capita, such emission ex-
hibits negligible reverse impact on output per capita.

The optimal levels of per capita carbon emission below or
above which an increase in the level of CO2 emission per
capita has implication for the link between GDP per capita
and petroleum import per capita are presented in Table 8.
For the case of Nigeria, the threshold value of carbon emission
per capita remains the same (6.46) for aggregate and sectoral
analysis. Above or below this threshold, petroleum import per
capita exerted positive effect on aggregate and agricultural
output per capita. However, the impact of this import on
manufacturing GDP per capita and service GDP per capita is
significantly positive only below and above the threshold
levels, respectively. In South Africa, the aggregate and service
output per capita are positively affected by the levels of petro-
leum import per capita in both regimes, but the impact of this
import exerts a similar effect on the manufacturing output only
below the threshold. For agricultural sector, no significant
effect of this import on output is observed in both regimes.

The threshold level of carbon emission per capita remains
the same (6.46) across sectors in Nigeria but varies in South
Africa. For the effect of per capita output on petroleum import
per capita, the results for Nigeria show that aggregate, agricul-
tural, and service output increase per capita import of petro-
leum products below or above carbon emission threshold
levels. The influence of the manufacturing output per capita
on petroleum import per capita is only significant (positive) in
regime 1. In South Africa, the per capita output has a signif-
icant (positive) impact on the petroleum import per capita only
in regime 1 for the aggregate, manufacturing, and service sec-
tors. The effect of the agricultural output per capita on this
import is negligible either below or above the threshold level
of the CO2 emission per capita.

These results suggest that the increase in petroleum import
largely promotes in the economic growth both at aggregate
and sectoral levels irrespective of the level of carbon emis-
sions in both countries. However, keeping carbon emission
below its threshold levels enhances the positive influence of
economic growth on petroleum import per capita in both
countries. Interestingly, as carbon emission rises above the
threshold in South Africa, the effect of growth on petroleum
import is neutralized at aggregate and sectoral levels,
respectively.

Table 7 Threshold results for the relationship between CO2 emission per capita and GDP per capita: threshold variable = petroleum import per capita

Country Sector PIMPC
threshold value

Bootstrap
LM test

Regime 1 (αit ≤ γ) Regime 2 (αit ≥ γ)

Intercept (s.e.) GDPPC/CO2PC (s.e.) Intercept (s.e.) GDPPC/CO2PC (s.e.)

Dependent variable, CO2PC; independent variable, GDPPC

Nigeria Aggregate 3.42 19.56* −10.61(13.33) 2.32(1.86) 9.66(0.64)* −0.42(0.08)*
Agriculture 3.42 17.31* 24.42(7.37)* −3.34(−1.33)** 8.27(0.24)* −0.30(0.04)*
Manufacturing 3.42 18.63* 1.35(1.68) 1.01(0.37)** 7.98(0.27)* −0.30(0.06)*
Service 3.42 18.17* 0.85(15.15) 0.84(2.47) 8.41(0.23)* −0.29(0.03)*

South Africa Aggregate 3.25 9.45* −4.01(1.64)** 1.50(0.19)* 6.87(1.04)* 0.25(0.12)**

Agriculture 2.91 3.37 7.29(1.09)* 0.36(0.21) 7.67(0.48)* 0.28(0.09)*

Manufacturing 3.21 11.69* 2.72(0.79)* 0.94(0.15)* 6.02(0.83)* 0.45(0.12)*

Service 3.31 8.23** −6.08(1.70)* 1.86(0.21)* 7.50(0.90)* 0.20(0.11)

Dependent variable, GDPPC; independent variable, CO2PC

Nigeria Aggregate 3.88 16.58* 6.35(0.28)* 0.13(0.05)** 15.45(1.56)* −1.22(0.24)*
Agriculture 3.87 22.62* 6.63(7.06) −0.19(0.04)* 14.87(2.36)* −1.35(0.37)*
Manufacturing 3.87 9.90* 3.45(0.59)* 0.19(0.10) 16.36(3.08)* −1.77(0.47)*
Service 3.87 18.24* 6.79(0.22)* −0.11(0.04)** 22.00(2.50)* −2.36(0.38)*

South Africa Aggregate 3.65 21.36* 5.28(0.96)* 0.38(0.10)* 8.36(2.33)* 0.06(0.25)

Agriculture 2.73 3.29 2.08(2.71) 0.33(0.30) −1.45(2.22) 0.72(0.24)*

Manufacturing 4.07 10.74* 0.61(1.40) 0.68(0.15)* 0.56(1.16) 0.69(0.13)*

Service 3.65 21.92* 6.25(0.88)* 0.21(0.10)** 8.55(3.36)** −0.02(0.37)

Source: Author

s.e. = standard error; CO2PC= carbon emission per capita; PIMPC= petroleum import per capita. Levels of significance at 1%, 5%, and 10% are
represented as *, **, and ***, respectively
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With the GDP per capita as the threshold variable, the link
between the CO2 emission per capita and the petroleum im-
port per capita is reported in Table 9. In Nigeria, the CO2
emission per capita has positive influence on petroleum im-
port per capita in regime 1 across all sectors, but its effect is
either negative or negligible in regime 2. In South Africa, no
significant impact of carbon emission per capita is observed in
all sectors in both regimes, except in the case ofmanufacturing
where significant effect on petroleum import per capita exists
in regime 2. For the reverse effect, petroleum import per capita
has significant (positive) effect on carbon emission per capita
in Nigeria regime 1 in all sectors except agriculture, whereas
this effect is only significant in the manufacturing (negative)
and service (positive) sectors. In South Africa, the petroleum
import per capita has a significant (positive) impact on carbon
emission in regime 1 only in the agricultural sector, but this
effect is significant (negative) in all sectors in regime 2, except
in agriculture.

These results imply that keeping economic growth in
Nigeria below the respective threshold levels reduces pe-
troleum import, following the improvement in environ-
mental quality, which in turn could result from less impor-
tation of petroleum products. As the economic growth rises
above the threshold, any increase in carbon emission tends
to discourage further import of refined petroleum product.
In South Africa, the economic growth appears to have no
influence on the effect of carbon emission on petroleum
import, as this impact largely remains insignificant below
or above the threshold levels of growth. However, as the
economy grows beyond the threshold, carbon emission

tends to fall, which may underscore the role of carbon-
reducing technology.

Conclusion and policy recommendations

The study investigates the links among refined petroleum im-
port, economic growth, and carbon emission in South Africa
and Nigeria both at aggregate and sectoral levels between
1981 and 2015. These links were analyzed using the most
recent multivariate Granger causality approach (Bai et al.
2018) and simultaneous equation model (correct for structural
breaks in petroleum imports) as well as threshold regression
analysis.

The estimates from the simultaneous equation models were
used to analyze the possibility of sustainable economic growth
in South Africa and Nigeria via the computation of net effects
of growth-emission nexus (clean production) and growth-
energy import nexus (energy efficiency). There is no evidence
of sustainable economic growth in the two countries. In re-
spect of the aggregate economy, although the net effect of
growth-emission nexus (which yields clean production) is
established for South Africa and Nigeria, considering the
structural break, the net effect of growth-petroleum import
nexus cannot be estimated for them due to statistically insig-
nificant results. Also, although the net effect of growth-
petroleum import nexus (which yields energy inefficiency) is
established, without considering the structural break, the net
effect of growth-emission nexus cannot be estimated for the
countries due to statistically insignificant results.

Table 8 Threshold results for the relationship between petroleum import per capita and GDP per capita: threshold CO2 emission per capita

Country Sector CO2PC
threshold value

Bootstrap
LM test

Regime 1 (αit ≤ γ) Regime 2 (αit ≥ γ)

Intercept (s.e.) PIMPC/GDPPC (s.e.) Intercept (s.e.) PIMPC/GDPPC (s.e.)

Dependent variable, GDPPC; independent variable, PIMPC
Nigeria Aggregate 6.46 12.10* 6.23(0.15)* 0.36(0.04)* 5.84(0.59)* 0.37(0.15)*

Agriculture 6.46 13.91* 4.28(0.22)* 0.47(0.06)* 0.94(0.55) 1.20(0.15)*
Manufacturing 6.46 11.13* 3.59(0.23)* 0.38(0.07)* 4.78(0.16)* −0.03(0.04)
Service 6.46 15.55* 4.71(0.24)* 0.55(0.68) 2.89(0.63)* 0.84(0.17)*

South Africa Aggregate 9.08 8.21* 8.65(0.02)* 0.02(0.01)** 8.44(0.05)* 0.11(0.01)*
Agriculture 9.13 5.93 5.03(0.11)* 0.03(0.03) 5.34(0.12)* −0.04(0.03)
Manufacturing 9.17 12.15* 6.60(0.04)* 0.06(0.01)* 6.95(0.10)* −0.01(0.03)
Service 9.08 7.45** 8.08(0.03)* 0.03(0.01)* 7.72(0.06)* 0.16(0.02)*

Dependent variable, PIMPC; independent variable, GDPPC
Nigeria Aggregate 6.46 18.94* −12.24(1.96)* 2.10(0.25)* −1.73(1.46) 0.78(0.20)*

Agriculture 6.46 19.27* −6.07(1.11)* 1.61(0.18)* 0.51(0.38) 0.61(0.08)*
Manufacturing 6.46 14.93* −4.54(1.22)* 1.62(0.24)* 4.05(1.74)* −0.02(0.37)
Service 6.46 18.70* −5.62(1.12)* 1.37(0.16)* −0.70(0.59) 0.75(0.09)*

South Africa Aggregate 9.22 6.95** −52.96(6.94)* 6.42(0.78)* 5.02(10.08) −0.26(1.14)
Agriculture 9.08 3.99 27.17(15.12) −4.76(2.98) 3.50(9.45) 0.20(1.82)
Manufacturing 9.22 9.88* −.46.41(11.08)* 7.31(1.62)* −0.72(5.15) 0.50(0.74)
Service 9.22 5.98 −36.61(4.92)* 4.86(0.59)* 3.23(12.02) −0.06(1.46)

Source: Author

s.e. = standard error; CO2PC= carbon emission per capita; PIMPC= petroleum import per capita. Levels of significance at 1%, 5%, and 10% are
represented as *, **, and ***, respectively
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The results for the agricultural sector show that, for
Nigeria, although the net effect of growth-emission nexus in-
dicates a clean production, the net effect of growth-petroleum
import nexus suggests energy inefficiency. For South Africa,
the net effect of growth-emission nexus does not support a
clean production while the net effect of growth-petroleum
import nexus cannot be determined as estimates are statistical-
ly insignificant.

In the case of manufacturing sector, with or without struc-
tural break, the emission-growth nexus for Nigeria generates a
positive net effect on output, but the petroleum import-growth
nexus yields an increasing net effect on petroleum import. For
South Africa, the net effects of emission-growth nexus and
petroleum import-growth nexus raise emission and petroleum
import, respectively, in the presence of a structural break.
Also, an increasing net effect on carbon emission is found
(from emission-growth nexus), though an insignificant petro-
leum import-growth nexus is revealed without a structural
break.

Regarding the service sector, the negative net effect of the
emission-growth nexus on the environment could not support
a clean production while the growth-petroleum import nexus
could not be determined in the case of South Africa. Also,
estimates could not provide support for both the net effects

of emission-growth nexus and growth-petroleum import nex-
us in respect of Nigeria.

The foregoing findings inform the articulation of the policy
implications that would be useful for policy decision-making
and managerial insights:

I. With respect to Nigeria,

& The results suggest that keeping petroleum import per
capita above the respective threshold enhances environ-
mental quality as aggregate and sectoral outputs increase.
However, the carbon emission can only induce increased
output per capita when petroleum import is below the
threshold level.

& There is therefore a policy dilemma for managers and
policymakers. It implies that managers must strive to
achieve an optimal utilization of energy import so as to
attain a low carbon development via an increased ap-
plication of carbon-reducing production techniques as
income or output increases. Policymakers should pro-
vide profits and import tax rebates to encourage man-
agers to use carbon-reducing production techniques
and embark on appropriate pricing of the imported pe-
troleum products.

Table 9 Threshold results for the relationship between CO2 emission per capita and petroleum import per capita: threshold variable = GDP per capita

Country Sector GDPPC threshold value Bootstrap
LM test

Regime 1 (αit ≤ γ) Regime 2 (αit > γ)

Intercept (s.e.) CO2PC/PIMPC
(s.e.)

Intercept (s.e.) CO2PC/PIMPC
(s.e.)

Dependent variable, PIMPC; independent variable, CO2PC

Nigeria Aggregate 7.25 16.50* −4.07(1.88)* 1.16(0.30)* 8.74(1.48)* −0.72(0.23)*
Agriculture 5.57 21.41* −3.35(1.55)** 1.04(0.24)* 3.87(1.73)* 0.04(0.27)

Manufacturing 4.80 10.47* −5.40(1.75)* 1.39(0.27)* 9.05(0.90)* −0.78(0.14)*
Service 6.15 18.01* −3.63(1.54)* 1.09(0.24)* 3.93(1.73)* 0.03(0.27)

South Africa Aggregate 8.83 18.99* 7.52(8.90) −0.50(0.97) 2.07(9.98) 0.24(1.09)

Agriculture 5.20 4.28 −24.53(22.79) 3.09(2.51) −18.97(47.46) 2.40(5.16)

Manufacturing 6.81 14.51* 3.57(21.55) −0.07(2.38) 80.73(18.21)* 8.40(1.99)*

Service 8.23 20.41* 10.07(8.14) −0.78(0.88) 10.13(10.81) −0.65(1.19)
Dependent variable, CO2PC; independent variable, PIMPC

Nigeria Aggregate 7.15 9.86* 4.94(0.41)* 0.36(0.12)* 5.98(0.28)* 0.13(0.07)

Agriculture 5.44 11.40* 5.80(0.44)* 0.24(0.11) 5.42(0.23)* 0.24(0.06)

Manufacturing 4.85 9.83* 5.26(0.24)* 0.31(0.06)* 10.13(0.74)* −0.92(0.19)*
Service 6.13 14.87* 3.00(0.46)* 0.97(0.12)* 5.63(0.22)* 0.19(0.05)*

SouthAfrica Aggregate 8.76 11.91* 9.08(0.04)* 0.001(0.02) 9.39(0.03)* −0.06(0.01)*
Agriculture 5.20 8.78* 9.03(0.05)* 0.02(0.01)** 9.30(0.08)* −0.03(0.02)
Manufacturing 6.81 11.77* 9.08(0.04)* −0.0004(0.02) 9.37(0.04)* −0.05(0.01)*
Service 8.18 6.97** 9.05(0.05)* 0.01(0.01) 9.33(0.07)* −0.05(0.02)*

Source: Author

s.e. = standard error; CO2PC= carbon emission per capita; PIMPC= petroleum import per capita. Levels of significance at 1%, 5%, and 10% are
represented as *, **, and ***, respectively
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II. In the case of South Africa,

& Managers and policymakers should note that maintaining
petroleum import beyond the threshold may increase the
carbon emission per capita associated with a high aggre-
gate output per capita. In turn, such emission may exhibit
negligible reverse impact on output per capita.

& Further, setting petroleum import below the threshold val-
uemaymanage the adverse effect of higher manufacturing
output on the environment. However, the results vary
across both upper and lower threshold regimes for other
sectors.

& Consequently, the managers of the agricultural and service
sectors should realize that keeping petroleum import be-
low (or above) the threshold is important as such actions
neither raise carbon emission per capita nor reduce output
per capita significantly. They should however realize the
inefficiency that is associated with increased energy use.

These are inputs into trade (import) and petroleum pricing
policy decisions for a sustainable economic growth. Future
research efforts should focus on analyzing a sustainable eco-
nomic growth for other African and developing economies.
Further, the implications of other sustainable development
goals (such as food security and poverty reduction) for clean
production and energy efficiency should be examined.
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Appendix 2

Fig. 7 GDP per capita, petroleum import per capita, and carbon emission
per capita in Nigeria (Imports of refined petroleum products are measured
in liters per capita while GDP and sectoral outputs are the per capita value
added constant 2005 US$).Source: Author’s computation; underlying
data from USEIA and WDI

Fig. 8 Sectoral output per capita in Nigeria. Source: Author’s
computation; underlying data from USEIA and WDI

Fig. 9 GDP per capita, petroleum import per capita and carbon emission
per capita in South Africa (Imports of refined petroleum products are
measured in liters per capita while GDP and sectoral outputs are the per
capita value added constant 2005 US$) Source: Author’s computation;
underlying data from USEIA and WDI

Fig. 10 Sectoral output per capita in South Africa. Source: Author’s
computation; underlying data from USEIA and WDI
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Appendix 3: Original comprehensive results

Table 11 Conventional unit root test results

Augmented Dickey-Fuller (ADF) levels Phillips-Perron (PP) KPSS

Levels

Variables Constant Constant and trend Constant Constant and trend Constant Constant and trend

Nigeria South
Africa

Nigeria South
Africa

Nigeria South
Africa

Nigeria South
Africa

Nigeria South
Africa

Nigeria South
Africa

CO2PC −2.22 −2.46 −2.11 −2.31 −2.22 −2.46 −2.05 −2.31 0.14 0.19 0.13*** 0.14

EXR −2.70*** −2.40 −2.59 −3.40* −2.24 −2.49 −2.11 −3.52 0.27 0.66** 0.11 0.09

FDEV −3.06** −1.55 −3.16 −2.17 −2.32 −1.69 −2.20 −2.18 0.17 0.68** 0.12 0.16

GDPPC 0.44 −0.09 −2.10 −2.04 0.18 −1.31 −2.10 −2.26 0.48** 0.72** 0.20** 0.17

AGDPPC 0.01 −4.00* −2.11 −1.48 0.01 −4.23* −2.12 −4.26* 0.64** 0.15 0.15** 0.14

MGDPPC −0.17 −2.19 −1.02 −2.30 0.11 −2.28 −1.00 −2.26 0.40*** 0.17 0.20** 0.16**

SGDPPC −0.28*** 0.80 −1.54 −1.86 1.01 0.43 −1.85 −2.09 0.59** 0.57** 0.19** 0.18**

HCAP −2.87*** −2.51 −2.73 −2.06 −2.12 −3.67* −2.15 −1.87 0.23 0.34 0.10 0.17

PCAP −2.35 −2.88 −3.20 −3.14 −2.66*** −2.37 −3.47 −2.44 0.21 0.18 0.19** 0.17

PIMPC −2.34 −1.70 −2.79 −3.33*** −2.32 −1.57 −2.78 −2.95 0.33 0.61** 0.14*** 0.12

TO −1.46 – −0.32 – −1.48 – −1.13 – 0.22 – 0.18** –

First difference

CO2PC −5.623* −5.70* −5.27* −5.70* −5.87* −5.70* −6.63* −5.73* 0.21 0.12*** 0.27* 0.06

EXR −4.33* −5.17* −4.35* −5.09* −4.24* −8.32* −4.18** −8.43* 0.10 0.17** 0.05 0.13

FDEV −5.25* −6.22* −5.17* −6.25* −8.27* −6.70* −8.58* −10.15* 0.50** 0.24* 0.50* 0.25*

GDPPC −4.35* −3.49** −4.90* −3.48* −4.33* −3.12** −4.85* −2.92 0.48** 0.37* 0.09 0.14*

AGDPPC −5.63* −6.92* −5.61* −6.87* −5.63* −10.08* −5.61* −8.85* 0.16 0.09 0.08 0.09

MGDPPC −4.75* −4.58* −6.07* −4.51* −4.85* −4.54* −6.06* −4.47* 0.50** 0.25 0.07 0.15

SGDPPC −2.23 −2.83*** −2.18 −3.08 −3.68* −2.42 −4.50* −2.14 0.41*** 0.43*** 0.08 0.14**

HCAP −5.30* −5.40* −5.28* −5.68* −5.30* −5.45* −5.30* −7.60* 0.06 0.34* 0.06 0.27*

PCAP −4.50* −4.52* −5.24* −4.56* −4.43* −3.18** −5.13* −3.41*** 0.46*** 0.32* 0.12 0.16**

PIMPC −8.04* −5.47* −7.95* −5.37* −8.10* −6.99* −7.95* −6.85* 0.08 0.17** 0.06 0.17**

TO −7.33* – −7.60* – −7.31* – −7.57* – 0.19 – 0.10 –

At levels, the critical values for the ADF test statistics at 1%, 5%, and 10% significance levels are − 3.670, − 2.964 and − 2.621 for the test with constant
only, and − 4.285, − 3.563 and − 3.215 for the test with constant and trend, respectively. Critical values are Mckinnon (1996) one-sided p-values for the
test statistics. The critical values for the PP test statistics at 1%, 5%, and 10% significance levels are − 3.662, − 2.960 and − 2.619 for the test with
constant only and − 4.285, − 3.563, and − 3.215 for the test with constant and trend. The critical values for the KPSS test statistics at 1%, 5%, and 10%
significance levels are 0.739, 0.463, and 0.347 for the test with constant only while 0.216, 0.146, and 0.119 for the test with constant and trend,
respectively
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Table 13 Nonlinear unit root tests

Variables KSSa KSSb KRUSEa KRUSEb KSSa KSSb KRUSEa KRUSEb

Nigeria South Africa

CO2PC −1.8484(1) −0.3442(4) −1.8619(1) 0.1115(4) −2.4491(1) −0.2689(4) −2.5077(4) −1.1683(4)
EXR −1.8573(1) 1.2669(4) −1.1058(2) 4.5802(4) −3.7344(1)*** −3.3568(4)** −4.4519(2) 0.6639(4)
FDEV −3.0681(1)** −0.3873(4) −2.3533(1) −7.8303(4) −1.6298(1) −1.0083(3) −1.3026(1) −9.2185(4)
GDPPC 0.1339(1) 1.7027(4) −0.6421(1) −6.1919(4) −0.8103(1) 4.2510(4)*** −0.1610(1) −2.0749(4)
AGDPPC 0.892(1) −5.135(−2)*** −0.619(1) 0.853(1) −2.7210(1)*** −3.269(2)** −3.707(1) −0.239(1)
MGDPPC −2.27(4)* −5.741(−2)*** −0.950(1) −4.907(1) −3.092(1)** −3.49(4)* −2.928(1) −2.36(1)
SGDPPC 2.891(2)* −4.170(−2)*** −0.402(1) −4.28(1) 5.16(1)* 4.235(3)* 1.039(1) 2.375(1)
HCAP −5.0021(4)*** −1.7845(4) −1.9444(2) −1.3449(4) −6.7862(4)*** −1.4760(4) −1.9589(4) −2.1929(4)
PCAP −1.9531(3) 3.0979(3)** −1.7369(3) −3.8285(4) −3.8896(1)*** 0.8975(4) −1.7441(4) −3.3982(4)
PIMPC −4.6912(1)*** 0.4233(3) −3.8331(1) 2.9859(3) −3.0809(1)** 1.9732(4) −2.4281(2) −1.6463(3)
TO −1.8744(2) −3.1922(4)** −2.6837(4) 1.6549(4) – – – –

KSS and KRUSE with superscript “a” represents de-mean, while with superscript “b” represents de-trended. () is the optimal lag length with the lowest
AIC stat. The critical values for the KSS test are − 3.48, − 2.93, and − 2.66 at 1%, 5%, and 10% significance level, respectively. Also, the critical values
for the Kruse (2011) test are 13.75, 10.17, and 8.60 at 1%, 5%, and 10% significance level, respectively. *** implies significant at 1%, while ** implies
significant at 5% and * significant at 10%

Table 12 Conclusion for
conventional unit root tests Variables ADF PP KPSS Decision

Nigeria South
Africa

Nigeria South
Africa

Nigeria South
Africa

Nigeria South
Africa

CO2PC I(1) I(1) I(1) I(1) I(0) I(1) I(1) I(1)
EXR I(1) I(0) I(1) I(0) I(1) I(1) I(1) I(0)
FDEV I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1)
GDPPC I(1) I(1) I(1) I(1) I(0) I(1) I(1) I(1)
AGDPPC I(1) I(0) I(1) I(0) I(1) I(0) I(1) I(0)
MGDPPC I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1)
SGDPPC I(0) I(1) I(1) I(1) I(1) I(1) I(1) I(1)
HCAP I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1)
PCAP I(1) I(1) I(0) I(1) I(0) I(1) I(0) I(1)
PIMPC I(1) I(0) I(1) I(1) I(0) I(1) I(1) I(1)
TO I(1) – I(1) – I(0) – I(1) –

The decision made in each of the tests is based on the estimation results with consideration to intercept and trend.
I(0) represents stationary of a variable (i.e., significant at level) while I(1) denotes non-stationary (i.e., not
significant at level)

Table 14 Conclusion for nonlinear unit root tests

Variables KSS KRUSE Decision KSS KRUSE Decision
Nigeria South Africa

CO2PC I(1) I(1) I(1) I(1) I(1) I(1)
EXR I(1) I(1) I(1) I(0) I(1) I(0)
FDEV I(0) I(1) I(0) I(1) I(1) I(1)
GDPPC I(1) I(1) I(1) I(0) I(1) I(0)
AGDPPC I(0) I(0) I(0) I(0) I(0) I(0)
MGDPPC I(0) I(0) I(0) I(0) I(0) I(0)
SGDPPC I(0) I(0) I(0) I(0) I(0) I(0)
HCAP I(0) I(1) I(0) I(0) I(1) I(0)
PCAP I(0) I(1) I(0) I(0) I(1) I(0)
PIMPC I(0) I(1) I(0) I(0) I(1) I(0)
TO I(0) I(1) I(0) – – –

The decision made in each of the tests is based on the estimation results
with consideration to both de-mean and de-trended. I(0) represents sta-
tionary of a variable (i.e., significant) while I(1) denotes non-stationary
(i.e., not significant)
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Table 15 Unit root tests with structural breaks (Perron 2006)

Variables TB t-stat Decision TB t-stat Decision
Nigeria South Africa

CO2PC 1998 −4.435816*** I(0) 2001 −4.141879*** I(0)

EXR 1992 −2.299649 I(1) 2009 −3.057859 I(1)

FDEV 2005 −3.998598*** I(0) 1990 −5.029544*** I(0)

GDPPC 2002 −4.929283*** I(0) 1989 −3.194993* I(0)

AGDPPC 2001 −10.60* I(0) 1991 −9.837* I(0)

MGDPPC 1999 −6.29* I(0) 2008 −5.702* I(0)

SGDPPC 2009 −5.22* I(0) 2000 −3.016 I(1)

HCAP 1995 −3.133171* I(0) 1991 −4.973936*** I(0)

PCAP 2004 −4.918267*** I(0) 2004 −3.555546** I(0)

PIMPC 1998 −6.499309*** I(0) 2000 −3.663869** I(0)

TO 2011 −2.724871 I(1) – – –

The critical values for Perron (2006) are given at the 1%, 5%, and 10% significance levels as − 3.9759, − 3.4185 and − 3.1314. I(0) represents stationary
of a variable (i.e., significant at level) while I(1) denotes non-stationary (i.e., not significant at level)

Table 16 Results on the relationship between petroleum import, carbon emission, and aggregate GDP

Nigeria South Africa

Effect of petroleum import and carbon emission on GDP

Variable Model with dummy Model without dummy Model with dummy Model without dummy

CO2PC −0.2981(0.1126)* 0.2718(0.1199)** −0.4908(0 .2781)*** −0.3635(0.2678)
PIMPC −0.0625(0.0325)** 0.1424(0.0359)* −0.2744(0.0380) 0.1104(0.0145)*

PCAP −0.0116(0.0260) −0.2097(0.0695)* 0.5623(0.1225)* 0.1564(0.0691)**

HCAP 0.0586(0.1533) −0.02587(0.2028) −0.0037(0.0474) −0.0143(0.0588)
FDEV – – – −0.4576(0.2594)***
PIMPDU 0.1287(0.0421)* – 0.1616(0 .0458)* –

C 0.0371(0.6512) 1.7893(1.0551)*** 7.1923(0.4459)* 8.0342(0.3675)*

Hansen 7.242 16.175 10.9790 7.3753

Effect of petroleum import and GDP on carbon emission

GDPPC −2.9302(1.0012)* 0.6306(0.9605) −2.0051(0.9187)** −1.6138(1.1307) ***
PIMPC −0.1801(0.0716)* −0.1616(0.0918)*** −0.0589 (0.0573) 0.1668(0.1122)

PCAP −0.0673(0.1217) 0.1316(1.1888) 1.1399(0.4739)** 0.4017(0.3031)

TO −0.1799(2879) −0.4892(0.2653)*** – –

FDEV – – 0.0082(0.0645) −0.8478(0.44672)***
PIMPDU 0.3575(0.1196)* – 0.3281(0.1343)** –

C 0.8390(0.6282) −0.1498(0.8090) 14.3627(6.7398)** 12.4655(8.7701)

Hansen 7.242 16.175 10.9790 7.3753

Effect of carbon emission and GDP on petroleum import

GDPPC −10.9815(6.6881) 5.4428(2.4867)** −1.5727(8.2040) 7.3024(1.3533)*

CO2PC −4.1154(2.1444)*** −1.6746(0.9015)*** −3.2567(5.2507) 1.8204(3.4419)*

EXR 0.2218(0.8061) 0.1140(0.4835) 10.1718(14.2220) −0.7791(08211)
M 0.3363(0.7074) 0.4818(0.5583) −4.8777(7.6479) 4.4388(3.3394)

PCAP – 1.1417(0.5413)** – –

PIMPDU 1.5100(0.6987)** – 4.1434 (4.8319) –

C 2.0098(1.7009) −3.8352(2.1739)*** −31.2896(28.4698) −57.2886(13.4459)*
Hansen 7.242 16.175 10.9790 7.3753

Source: Author’s computation; *,**, and*** denote significance at 1%, 5%, and 10% levels, respectively; values in parentheses are the standard errors
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Table 17 Results on the relationship between petroleum import, carbon emission, and agricultural GDP

Nigeria South Africa

Effect of petroleum import and carbon emission on agricultural GDP
Variable Model with dummy Model without dummy Model with dummy Model without dummy
CO2PC −0.6728(0.2026)* 2.8822(0.7286)* 0.9402(0.0.8377) −1.0393(0.2696)*
PIMPC 0.0396(0.1051) 0.7708(0.2023) * 0.1794(0.1038)*** −0.0969(0.0391*
PCAP −0.0280(0.1442) −0.0223(0.1510) −0.2854(0.3956) 0.5931(0.2217)*
HCAP −0.3729(0.5147) −0.2373(0.5415) −0.7619(0.3466)** 0.0131(0.1544)
TO −0.8174(0.3970)** --0.0479(0.4219) –
FDEV – – −0.5626(0.5962) −1.2232(0 .3663)*
PIMPDU 0.8138(0.1364)* – −0.2015(0.1086)*** –
C 7.0093(2.2200)* 4.2217(2.4596)** 9.0103(2.3592)* 3.7341(1.0711)*
Hansen 11.792 12.820 6.2879 12.484

Effect of petroleum import and agricultural GDP on carbon emission
AGDPPC −1.0932(0.4274)* 0.3377(0.0737)* −0.0045(0.2262) −0.95198(0.4525)**
PIMPC −0.0086(0.1302) −0.2613(0.0790)* −0.0405(0.035)** −0.0899(0.0508)***
PCAP −.0517(0.1939) 0.0043(0.0532) 0.0096(0.1439) 0.5676(0.3166)***
TO −0.9854(0.6052)*** 0.0029(0.1470) –
FDEV – – −0.2928(0.3333) −1.1548(0.5789) **
PIMPDU 0.9741(0.3781)* – 0.0626(0.0496) –
C 6.0668(2.4562)* −1.0428(0.4352) −0.1078(0.9676) 3.5954(1.7780)**
Hansen 11.792 12.820 6.2879 12.484

Effect of carbon emission and agricultural GDP on petroleum import
AGDPPC 1.4380(1.0810) 1.3041(0.2986)* −1.5788(5.0667) 1.9745(2.4590)
CO2PC −0.2375(0.8790) −3.8460(1.1690)* −14.4493(7.7507)*** −1.0575(3.2864)
EXR −0.33536(0.7501) 0.0069(0.3067) 7.2751(8.4803) −4.9232(1.3287)*
FDEV 1.1436(0.4576)* −0.0095(0.2942) −8.1376(10.6143) 4.6879(4.3291)
PIMPDU −0.6454(0.9533) – 3.2199(2.0914) –
C −7.3974(5.7730) −3.9465(2.0593)** −23.2058 (25.8516) 15.7398(10.3023)
Hansen 11.792 12.820 6.2879 12.484

Source: Author’s computation; *, **, and*** denote significance at 1%, 5%, and 10% levels, respectively; values in parentheses are the standard errors

Table 18 Results on the relationship between petroleum import, carbon emission, and manufacturing GDP

Nigeria South Africa

Effect of petroleum import and carbon emission on manufacturing GDP
Variable Model with dummy Model without dummy Model with dummy Model without dummy
CO2PC 2.2379(0.5893)* 2.1554(0.5229)* 0.6643(0.1864)* −0.6320(0.3752)***
PIMPC 0.5723(0.1634)* 0.5550(0.1311)* 0.1029(0.0402)* 0.0051(0.0208)
PCAP 0.1174(0.1109) 0.1168(0.0987) 0.1299(0.1162) 0.3143(0.1147)*
HCAP −0.1774(0.3121) −0.1638(0.2822) −0.0201(0.0971) −0.0429(0.1179)
TO −0.0662(0.1948) −0.0575(0.1788) – –
FDEV – – −0.8157(0.2717)* −0.7069(0.3009)**
PIMPDU −0.0312(0.2486) – −0.1400(0.0624) ** –
C 2.9227(1.4519)** 2.9090(1.3628)** 6.2878(0.5845)* 6.1199(0.7009)*
Hansen 10.292 11.376 13.553 9.2641

Effect of petroleum import and manufacturing GDP on carbon emission
MGDPPC 0.4167(0.1559)* 0.4362(0.1484)* 1.2386(0.3664)* −1.0897(0.3541)*
PIMPC −0.2583(0.0764)* −0.2605(0.0786)* −0.1581(0.0344)* −0.0021(0.0240)
PCAP −0.0278(0.0566) −0.0302(0.0532) −0.0845(0.1456) 0.3467(0.2002)***
TO 0.0085(0.0832) 0.0049(0.0782) – –
FDEV – – 1.1119(0.4426)* −0.9616(0.2995)*
PIMPDU 0.0152(0.1322) – 0.2170(0.0603)* 6.4700(2.0441)*
C −0.9266(0.6494) −0.9908(0.6033)*** −7.8128(2.324)* –
Hansen 10.292 11.376 13.553 9.2641

Effect of carbon emission and manufacturing GDP on petroleum import
MGDPPC 1.4778(0.7287)** 1.5642(0.6691)** 6.2442(2.7840)** 6.0765(2.7902)**
CO2PC −3.8090(1.7265)** −3.7408(1.990)** −6.5205(1.7332)* −2.7509(5.8099)
EXR 0.0727(0.3015) 0.1043(0.3010) 0.9697(3.2737) −4.4311(0.9960)*
FDEV −0.0721(0.2463) −0.0822(0.2478) 5.8316(3.5583)*** 4.3803(4.8081)
PIMPDU 0.0878(0.5885) – 1.6321(0.9703)*** –
C −3.3372(3.4972) −3.6736(3.3484) −44.6464(15.4808)* −17.8791(19.5350)
Hansen 10.292 11.376 13.553 9.2641

Source: Author’s computation; *, **, and*** denote significance at 1%, 5%, and 10% levels, respectively; values in parentheses are the standard errors
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