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Introduction
Global climate change has attracted considerable attention
from scientists, policymakers and citizens in recent decades
(Dessler and Parson, 2019; Shi et al., 2019; Solaymani, 2019).
Numerous global conferences have been held to discuss feasible responses to greenhouse gas (GHG) effects (Dong et al.,
2020; IPCC, 2018; Tian et al., 2014). Mitigating global warming
requires knowledge about primary sources of GHGs and underlying driving forces (Gruca–Rokosz et al., 2017; Shi et al.,
2019). CO2 emissions accounting for more than 80% of the total GHG emissions (Foster and Bedrosyan, 2014) and their associated environmental burdens have caused global concerns
(Dong et al., 2019; Tu and Li, 2017).
The African continent is vulnerable to the impact of
global climate change (IPCC, 2018; Sakiru, 2014) because
of its geographic location (Busby, 2012) and lack of provision to satisfy basic human needs (Russo et al., 2016).
Moreover, Africa is characterised by demographic explosion and rapid economic development in a few nations,
such as South Africa, Egypt, Nigeria, Ethiopia and Kenya
(Coulibaly, 2020; Weforum, 2019), whereas other African countries experience continuous growth of urban dwellers, serious poverty and rapid industrialisation. Hence, the role of
Africa in global climate change during extreme socioeconomic changes has attracted considerable attention from researchers (Weforum, 2019). For example, 79 African cities
(48% of African gross domestic production) are amongst the
world’s top 100 fastest-growing cities but “extremely” threatened by climate change and natural disasters (Cameron, 2019;
Coulibaly, 2020; Weforum, 2019). African governments must
reduce energy consumption whilst maintaining economic
growth. Furthermore, accelerating access and use of energy
sources for businesses and governments to support economic growth without increasing CO2 emissions and climate
risks is challenging (EIA, 2018; Maji et al., 2019; Ssali et al.,
2019). Therefore, understanding characteristics of CO2 emission patterns and their influencing factors during socioeconomic transformation in Africa is crucial for adequately mitigating the effects of global climate change and achieving sustainable development goals (Dong et al., 2019; Peters et al.,
2014).
Recent studies have examined driving forces of CO2 emissions using different methods, such as Kaya equation and its
modified STIRPAT (stochastic impacts by regression on population, affluence and technology) model (Yeh and Liao, 2017),
statistical analysis (Yang et al., 2017b), system dynamics
(Liu et al., 2017) and planning system of long-range energy
alternatives (Yang et al., 2017a) and logarithmic mean divisia index (LMDI) (Ang, 2004, 2005). Amongst these methods,
LMDI is commonly used because of its consistency in aggregation and path independence, high decomposition accuracy,
ability to treat zero-value and residue-free cases and wide
adaptability and accessibility (Ang, 2004, 2005, 2015; Ang and
Liu, 2001; Ang et al., 2003; Kang et al., 2017). LMDI has been
intensively applied to decompose carbon emissions and resulting environmental, economic and climate impacts virtually at global, national and regional scales. For instance, LMDI
is commonly used to investigate CO2 emission decomposi-

tion (Lin et al., 2015; Ma and Cai, 2018), driving forces of CO2
emissions (Dong et al., 2019; Luo et al., 2016; Mousavi et al.,
2017), CO2 emission patterns (Solaymani, 2019), determinants
of energy-related CO2 emissions (Gao et al., 2019; Lin and
Ouyang, 2014; Wang et al., 2019) and energy consumption factors (Zhang et al., 2015a, 2015b; Wang et al., 2014).
Decomposition analysis is typically combined with a decoupling model to investigate the relationship of driving
forces (Song and Zhang, 2019; Zhang et al., 2020) and separate economic development from CO2 emissions for sustainable development goals (OECD, 2002; Tapio, 2005). The decoupling concept was initially presented by Zhang (2000) to describe the separation of CO2 emission from China’s economic
development (Song et al., 2020). The extent of decoupling is
measured by indicators based on the elasticity concept developed by the Organisation for Economic Cooperation and Development (OECD, 2002). An earlier decoupling concept framework developed by Tapio (2005) has been extensively used by
many researchers (Shuai et al., 2019; Song and Zhang, 2017).
The decoupling indicator presents eight possible decoupling
states (strong, weak, recessive, strong negative, weak negative and expansive negative decoupling as well as expansive and recessive coupling) (Tapio, 2005), which have been
used in various contexts at different levels, including global
(Chen et al., 2018a; Shuai et al., 2019; Song et al., 2019), national (Wang et al., 2017a; Zhang et al., 2020, 2015b), provincial
and city scales (Dong et al., 2016; Song et al., 2020; Wang et al.,
2017b).
The shift in the gravity centre of CO2 emissions can show
the space transfer trajectory of CO2 emissions (Song and
Zhang, 2019). “Centre of gravity”, a physics concept, refers to a
single point where the weighted relative position of dispersed
mass is equal to zero (Chen et al., 2018b). In the social economy, centre of gravity refers to the key point at which economic power can maintain full balance. Hilgard (1872) adopted
gravitation theory to investigate distributions of the American population. Gravitation theory has been used to investigate geographical distributions in many fields, such as population distribution (Zhang et al., 2018), economic growth
(Fu et al., 2011), ecosystem services (He et al., 2011), air pollution (Li et al., 2017), CO2 emissions (Song and Zhang, 2019;
Zhang et al., 2015a) and CO2 emission per capita footprint
(Li et al., 2019).
Investigations on driving forces of CO2 emissions and their
characteristics in Africa are limited (Beidari et al., 2017). A few
reports with limited information on carbon-associated issues
in Africa have been typically conducted in South Africa in
the context of socioeconomic status. For example, CO2 emissions from coal-sourced electricity production in South Africa
(Zhang et al., 2015a), driving forces of CO2 emissions in South
Africa as a member of G20 countries (Yao et al., 2015) and
emerging BRICS (Brazil, Russia, India, China and South Africa)
economies (Inglesi–Lotz, 2018). Researchers have rarely focused on multiple African countries and the comparison of
driving forces at different time scales or sub regional levels.
On the basis of the abovementioned analysis, the gravity
theory model and contribution decomposition method were
used in investigating the gravity shift of African CO2 emissions and its leading driving forces. LMDI was then employed
to identify driving forces behind changes in CO2 emission pat-
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Table 1 – Description of the 20 selected countries in African sub-regions.
African
sub-region

Area
(million km2 )

Population
(million)

Population growth
rate (%)

Urbanization
rate (%)

North
East

7.77
6.67

245.00
442.18

3.16
5.71

52.4
29.8

Central

6.50

178.10

2.3

50.5

West
South

6.06
2.65

398.94
67.26

5.16
0.87

47.7
64.7

Selected countries
Morocco, Egypt, Sudan, and Tunisia
Ethiopia, Kenya, Mozambique,
Mauritius, Zambia, and Zimbabwe
Cameroon, Congo Rep., Congo
Dem. and Gabon
Benin, Nigeria, Senegal, and Togo
South Africa and Botswana

Source: Worldometer March 2020 (www.Worldometers.info).

terns in the 20 selected African countries. A decoupling indicator was also established to describe the dependence of
economic development on CO2 emissions in the 20 selected
African countries from 1984 to 2014. This study attempts to
narrow the research gap in climate strategy mitigation and
adaptation, and help decision-makers control CO2 emissions
and quantify changes in CO2 emissions and associated driving forces in 20 African countries from 1984 to 2014. This study
aims to (1) identify potential driving forces behind CO2 emission patterns for over 30 years, (2) relate CO2 emissions to driving forces in different African sub-regions, (3) decouple the
economic development from CO2 emissions to understand influencing factors of CO2 emission patterns further, and (4) provide suggestions for CO2 emission reduction in Africa.

1.

Methods

1.1.

Study area

Twenty countries from five African sub-regions, that is, northern (number (n) = 4), eastern (n = 6), central (n = 4), western
(n = 4) and southern (n = 2) Africa, were selected in the case
study because of their data availability (Table 1 and Appendix
A Table S1), economic importance or CO2 emission contribution. Northern Africa is an economically prosperous region
that covers one-third of the total African gross domestic product. Eastern Africa comprises the majority of poverty-stricken
countries of the world, is located in the horn of Africa, and has
various agricultural outputs. The central African region is covered with the second-largest rainforest in the world with oil
as its leading export. Western Africa is made up of large lowlying planes with an altitude of less than 300 m above sea level,
with agriculture as the fundamental driver of the economy.
This region has been revived in recent years but faced economic recession due to long postcolonial civil wars. Southern
Africa, the most productive for its precious mineral deposits
(e.g. gold and diamonds), is a manufacturing hub and fosters
the most industrialised and diversified economy amongst the
sub-regions (Pitt, 2020).

1.2.

Data sources

Primary sources of GHGs should be identified initially to mitigate climate change (Dong et al., 2020; Gruca–Rokosz et al.,

2017; Shi et al., 2019). CO2 is a potent anthropogenic GHGs
(Letcher, 2020). A balanced panel dataset is used in the 20 selected African countries to investigate driving forces behind
CO2 emissions in Africa from 1984 to 2014. The investigation
was divided into the following periods at five-year intervals:
1984–1989, 1989–1994, 1994–1999, 1999–2004, 2004–2009 and
2009–2014. CO2 emissions were calculated from five sectors
(transport, manufacturing and construction, electricity and
heat production, residential buildings, commercial and public
services and other sectors) and gross domestic product share
in three economic sectors (agriculture, industry and services)
(Fig. 1).
Sectoral data of CO2 emissions were obtained from the International Energy Agency (IEA, 2014), whilst socioeconomic
data, such as gross domestic product per sector, total gross
domestic product and population, were collected from the
World Bank database (World Bank, 2019). Gross domestic product data were adjusted at the constant price in 2010. The
zero value in the dataset was examined using the method
in Ang et al. (1998). Longitudes and latitudes of capital cities
of 20 selected countries were sampled using Google Earth
and Quantum Geographic Information System (QGIS) version
3.10.0 (QGIS Development Team, 2019) for depicting the shift
trajectory of CO2 emissions (Chen et al., 2018b; Song and
Zhang, 2019).

1.3.

Gravity theory model

The shift trajectory of CO2 emissions was described according
to the gravity theory model (Song and Zhang, 2019). The gravity centre for attribute value (M) in year t can be expressed as
follows:
n
t

X =

t
i=1 M × xi
n i t
i=1 Mi

(1)

t
i=1 M × yi
n i t
i=1 Mi

(2)

n
Yt =

where (xi , yi ) represents the longitude and the latitude of the
capital of the ith country; Mti represents the attribute value
of the ith country in year t and Xt and Yt denote the longitude and latitude of gravity centre of the attribute value,
respectively.
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Fig. 1 – Location and information map of the 20 selected African countries between 1984 and 2014. The rank of CO2
emissions of each country in 2014 is shown by white numbers in black circular symbols. GDP: gross domestic product; CO2 :
carbon dioxide. The map was created by Quantum Geographic Information System (QGIS) version 3.10.0 (QGIS development
team, 2019). Mt: million ton.

1.4.

Decomposition methods

Decomposition methods were used to decompose CO2 emission changes and determine factors that influence CO2 emissions (Ang and Zhang, 2000; Dong et al., 2019). The following
extended conventional Kaya identity method is preferred in
the analysis of CO2 emission decomposition at national and
regional levels (Cloud, 2019; IEA, 2019):
C =


n 

Ci
GDPi
GDP
×
×
× P
GDPi
GDP
P

population (measured in millions); CE indicates the emission
efficiency of sector i (measured in tonnes/2010 USD); IS represents the industrial structure of sector i (measured in 2010
USD) and EG denotes the economic growth (measured in 2010
USD).
LMDI is used to investigate driving forces of CO2 emissions
determined by the Kaya identity method (Ma and Cai, 2018;
Shen et al., 2018; Shi et al., 2019). On the basis of Eq. (1) and
LMDI, factors influencing CO2 emission changes can be expressed as follows:

i

=

n


(CE × IS × EG × P )

(5)

i

where C denotes the total CO2 emissions, measured in million
ton (Mt); Ci represents the amount of CO2 emissions in sector
i; GDPi denotes the gross domestic product in sector i; GDP denotes the total gross domestic product; P refers to the total

C = Ct − C0 = CCE + CIS + CEG + CP

(6)

where t denotes the final year; 0 represents the benchmark
year; and CCE , CIS , CEG and CP refer to the emission efficiency, industrial structure, economic growth and population
effects, respectively.
These four effects can be expressed as follows:
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CCE =

CIS =

CEG

 t
Cit − Cio
IS
 
  × ln
IS0
ln Cit − ln Cio



Cit − Cio
EGt
  × ln
=  
EG0
ln Cit − ln Cio

CP =

1.5.

 t
Cit − Cio
EC
 
  × ln
EC0
ln Cit − ln Cio

 t
Cit − Cio
P
 
  × ln 0
P
ln Cit − ln Cio

(7)

(8)

(9)

(10)

Decoupling indicator

Ct/ 0
C
Gt/ 0
G

(11)

where the superscript 0 indicates the initial year, Ct refers to
the change in CO2 emissions and Gt refers to the change in
gross domestic product. These values are calculated from the
t
t
initial year 0 to the final year t. The variables C /C0 and G /G0
refer to the growth rates of CO2 emissions and gross domestic
product, respectively.
Tapio (2005) defined the decoupling indicator in eight decoupling states (Appendix A Table S2). Hence, Eq. (11) can be
expressed as follows:
Dt =

C0



G0
× Ct − C0
t
0
× (G − G )

t
t + Ct
t
+ CIS
CCE
G0
EG + CP
×
t
G
C0
= DtCE + DtIS + DtEG + DtP

=

(12)

where Gt = Gt − G0 . According to Eq. (12), the decoupling indicator of CO2 emissions from the gross domestic product can
be decomposed into four decoupling indicator effects, namely,
emission efficiency (DtCE ), industrial structure (DtIS ), economic
growth (DtEG ) and population (DtP ) decoupling effects.

2.

Results

2.1.

Gravity shift of CO2 emissions

Period

CO2 emissions (million ton)

1984−1989
1989−1994
1994−1999
1999−2004
2004−2009
2009−2014

࢞C

CCE

CIS

CEG

CP

24.57
11.43
87.86
177.52
104.36
47.80

-8.36
-18.66
20.83
49.41
-48.20
-87.75

-31.65
-2.28
-27.44
-14.97
-39.65
-19.42

-2.32
-33.71
38.39
86.54
122.70
67.61

66.90
66.08
56.08
56.54
69.52
87.36

࢞C: total emissions changes; CCE : emission efficiency; CIS : industrial structure; CEG : economic growth; CP : population.

The decoupling analysis was used to identify the linkage
of economic development and CO2 emissions (OECD, 2002;
Tapio, 2005). The decoupling indicator (Dt ) of CO2 emissions
(C) from the gross domestic product (G) in a certain period can
be expressed as follows:
Dt =

Table 2 – Decomposition of CO2 emissions in the 20 selected African countries between 1984 and 2014.

The gravity shift of CO2 emissions in 20 African countries between 1984 and 2014 is illustrated in Appendix A Fig. S1. The
gravity centre for CO2 emissions was located in the areas between 23.52E and 24.97E as well as −9.50N and −3.06N, with an
overall shift towards the northeast direction. The shift was divided into the following periods: 1984–1989, 1989–1994, 1994–
1999, 1999–2004, 2004–2009 and 2009–2014. The long shift of
gravity centre of CO2 emissions that occurred during 1999–
2004 was driven by South Africa towards the east direction

and then overturned primarily to the west direction by Nigeria. The long shift of gravity centre of CO2 emissions that occurred during 1994–1999 was driven by Egypt and South Africa
towards the north direction. Appendix A Table S3 shows the
top four engine and inverse engine countries that largely contribute to the shift of the gravity centre of CO2 emissions in
each period.

2.2.

Performance of four driving forces of CO2 emissions

The aggregate decomposition results are listed in Table 2 and
depicted in Appendix A Fig. S2. Population and economic
growth showed positive effects that led to a significant increase in the overall CO2 emission pattern between 1984 and
2014. Industrial structure and emission efficiency demonstrated negative influences on the increase in CO2 emissions.
Amongst the driving forces, population was the most critical
contributor to the increase in CO2 emissions and remained
positive in all the selected countries during 1984–2014. Economic growth showed a negative role in the increase in CO2
emissions during the first two periods (1984–1994) and a positive contribution in the last three periods (1994–2014). The industrial structure was the most balancing factor that led to
the reduction in the overall CO2 emissions from 1984 to 2014.
The contribution percentage of the four driving forces to
CO2 emission changes are illustrated in Fig. 2. CO2 emissions were high (4.96%) during 1999–2004 but low (0.41%) in
1989−1994. Population revealed a cumulative positive contribution (> 1.5%) in 1984–2014, whilst industrial structure
reduced CO2 emissions at each period, with the largest
(1.18%) and smallest (0.08%) contributions occurring during
1984−1989 and 1989−1994, respectively. The contribution of
economic growth changed gradually from negative to positive,
whilst the emission efficiency remained unstable. The results
of the decomposition of changes in CO2 emissions of each
country are listed in Appendix A Table S4.

2.3.

Changes in CO2 emission patterns

Twenty selected countries demonstrated various trajectories
that shaped African CO2 emission patterns over the past 30
years (Appendix A Fig. S3). South Africa was the largest CO2
emitter, followed by Egypt, Morocco and Nigeria. Intensive industrial development and fuel oil consumption were the ma-
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Fig. 2 – Contributions of the driving forces to CO2 emissions in the 20 selected African countries during six periods.

jor causes of emissions. Population growth was the dominant
driver in half of the selected countries, namely, Sudan, Kenya,
Zambia, Zimbabwe, Cameroon, Republic of the Congo, Democratic Republic of the Congo, Gabon, Senegal and South Africa
(Fig. 3). Economic growth was the primary driving force for
Morocco, Egypt, Tunisia, Ethiopia, Nigeria, Botswana, Mauritius and Togo. CO2 emissions from Mozambique and Benin
were dominantly driven by emission efficiency. These drivers
that increase CO2 emissions were slightly offset by industrial
structure change in many countries (e.g. Morocco, Tunisia,
Kenya, Mozambique, Mauritius, Zimbabwe, South Africa and
Botswana). Emission efficiency was the principal downwarddriving factor in Egypt, Ethiopia, Zambia and Togo. CO2 emissions in central African subregion countries were primarily driven by population growth and balanced by economic
growth. The economic growth contributed negatively to Zimbabwe during 1994–1999. The examined factors contributed
positively to the increase in CO2 emissions in Sudan, Benin
and Senegal.

2.4.
Impact of four driving forces on CO2 emission
patterns
The emission efficiency led to the reduction of CO2 emissions
of approximately 92.74 Mt, which accounts for 10.19% of the
total emitted CO2 , from 1984 to 2014 (Fig. 4 and Appendix A
Fig. S4). Nigeria and Egypt were the highest contributors to the
overall reduction of CO2 emissions at 66.76 and 33.93 Mt, respectively, which account for 46.83% of the total emission efficiency contribution. A slight reduction of CO2 emissions (9.58
Mt or 6.85%) was observed in Tunisia, Ethiopia, Kenya, Zam-

bia, Cameroon, Democratic Republic of the Congo, Gabon, Togo
and South Africa. The emission efficiency displayed a fluctuating effect in many countries with some exceptions to Zimbabwe between 1984 and 1989, Gabon and Democratic Republic of the Congo between 1989 and 1994, Mauritius between
1994 and 1999, Kenya between 1999 and 2004, Benin between
2004 and 2009 and Mozambique, South Africa and Togo between 2009 and 2014 (Fig. 4).
The industrial structure reduced CO2 emissions of approximately 135.41 Mt, which accounts for 14.88% of the total emitted CO2 , during 1984–2014 (Fig. 5). At the national level, South
Africa was the most critical contributor to the overall reduction of CO2 emissions, with a cumulative contribution of approximately 116.69 Mt, which accounts for 86.2% of the total industrial structure contribution. The industrial structure
showed a negative impact on CO2 emissions in 12 countries,
with particular attention to South Africa, Nigeria and Morocco.
The industrial structure exerted a weak positive contribution
in eight countries, particularly in Egypt, Ethiopia and Sudan.
At the temporal scale, Zimbabwe’s emissions decreased by 8.8
Mt, which accounts for 80% of total CO2 emission reduction,
during 1984–1989 with the assistance of the industrial structure in Zimbabwe in 1984–2014.
Economic growth led to the continuous growth of CO2
emissions in 1984–2014 (Fig. 6) at approximately 279.22 Mt,
which accounts for 30.69% of the total emitted CO2 . At the
national level, the economic growth stimulated CO2 emission changes, especially in the last two periods. The cumulative economic growth effect in Egypt was the most substantial contributor to the total changes in the emitted CO2 .
South Africa, Nigeria and Morocco demonstrated cumulative
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Fig. 3 – Changes in CO2 emissions in the 20 selected African countries between 1984 and 2014. ࢞CCE : emissions efficiency;
࢞CIS : industrial structure; ࢞CEG : economic growth; ࢞CP : population.
increases of 84.14, 82.42, 51.06 and 29.53 Mt, respectively. Economic growth showed a considerable effect on countries with
high industrial activities or massive CO2 emissions. By contrast, a negative effect was detected in countries of the central
African subregion.

The population increased the CO2 emissions of approximately 402.49 Mt (44.24%) during 1984–2014 (Fig. 7).
The increase in CO2 emissions was evident at the national level (e.g. a positive effect was observed in all the
countries).

Fig. 4 – Changes in CO2 emissions resulting from the emission efficiency in the 20 selected African countries between 1984
and 2014.
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Fig. 5 – Changes in CO2 emissions resulting from the industrial structure in the 20 selected African countries between 1984
and 2014.

Fig. 6 – Changes in CO2 emissions resulting from the economic growth in the 20 selected African countries between 1984
and 2014.
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Fig. 7 – Changes in CO2 emissions resulting from the population in the 20 selected African countries between 1984 and
2014.

2.5.

Decoupling analysis

The decoupling states of CO2 emissions based on the gross
domestic product during 1984–2014 are presented in Table 3.
Strong decoupling, weak decoupling and expansive coupling
occurred in different countries within different periods. Expansive negative decoupling was evident in the examined
countries, except Gabon and South Africa, at different periods. Strong negative decoupling only occurred in the Republic of the Congo in 1984–1994. Weak negative decoupling was
observed in Togo during 1989–1994. Recessive decoupling occurred in Gabon, Zambia, Democratic Republic of the Congo
and Zimbabwe during 1984–1989, 1989–1994, 1989–1999 and
1999–2009, respectively. Population and economic growth decoupling effects indicated the strong role in the development
of decoupling of the selected countries in 1984–2014 (Appendix A Fig. S5). Emission efficiency decoupling exhibited
a substantial adverse effect during 1989–2004, particularly in
the Republic of the Congo and Ethiopia. Emission efficiency
and industrial structure decoupling effects indicated the negative role in the collective development of decoupling in 20
countries.

3.

Discussion

3.1.

Driving forces of CO2 emissions

The industrial structure has a positively important effect
on CO2 emissions either by the change in industrial structure from agriculture, mining and light industries to heavy
carbon-based industries or the adjustment in the produc-

tion structure, particularly in construction and service sectors
(Tian et al., 2014). Similarly, the decomposition results demonstrated that the industrial structure is the inhibitory effect
that compensated for the increase in CO2 emissions in the
selected 20 African countries, followed by emission efficiency
between 1984 and 2014 (Fig. 3 and Appendix A Fig. S2). This
finding showed the lacking industrial structure change and
regression in manufacturing in a few of the selected African
countries (e.g. South Africa) that continued to be biased towards mineral and resource-based sectors (Bell et al., 2018). By
comparison, some of the country’s development was dependent on aid, which may have increased regional CO2 emissions
through international trade by importing low-carbon products
whilst exporting carbon-rich products (Tian et al., 2014).
Population growth and GHGs are closely linked. Given that
Africa is the fastest-growing region in the world, climate
change caused by its rapid population growth must be considered (O’Neill et al., 2012; Shi, 2003; Tenaw, 2020). Despite
the global and African implementation of population control
policies from 2015, the total African population is projected
to increase by 42% in 2030 (UN, 2015). This prediction indicates that the population explosion will directly result in the
increasing demand for high-carbon fossil fuels, such as fuel oil
for transport systems, gas for daily life and coal for industrial
development, in the future.
Economic growth exerts a negative effect on CO2 emissions
of countries with slow economic growth but a positive effect
on countries with rapid economic growth (Aye et al., 2017).
Similarly, economic growth is an essential driving force that
influences the overall CO2 increase in the African countries
under this study in 1984–2014, especially in countries with intensive industrial activities that consume large fuel oil. For ex-
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Table 3 – Decoupling states for the 20 selected African countries between 1984 and 2014.

ample, Egypt, South Africa, Nigeria, Morocco and Tunisia consumed 797,000, 663,000, 296,000 and 89,000 bbl/day, respectively, in 2014.
The present study showed that CO2 emissions in Africa are
primarily caused by a few countries, including South Africa,
which contribute to approximately a quarter of the total CO2
emissions (EIA, 2014). Countries with high CO2 emissions (≥
10 Mt/year) in this study include South Africa, Egypt, Morocco and Nigeria, but other countries, such as Algeria and
Libya, were also highlighted in Boden et al. (2017). However,
economic growth was the dominant mitigating factor of CO2
emissions in central African countries (e.g. Cameroon, Republic of the Congo, Democratic Republic of the Congo, and
Gabon) and Zimbabwe possibly due to the low-level economic diversification, infrastructure deficits and political instability (ADB, 2019; Kanyenze et al., 2017; Munangagwa, 2009;
Tyson, 2017).

3.2.
Decoupling of CO2 emissions from economic
development
The decoupling of CO2 emissions from economic development is crucial for countries that aim to mitigate climate
change and CO2 emissions (Mikayilov et al., 2018). Hence,
seven out of eight decoupling states, as defined in Tapio (2005),
occurred in the 20 selected African countries between 1984
and 2014 (Table 3). However, expansive negative decoupling

states observed in many selected countries in 1984–2014 suggested that the increase in growth rate of CO2 emissions
was faster than the gross domestic product (OECD, 2002;
Tapio, 2005). Consistent with the work conducted by Grand
(2017) in 22 sub-Saharan African countries, the results of this
study imply that rapid economic growth can lead to fast
growth rate of CO2 emissions and environmental degradation
in many African countries.
Population and economic growth effects are the primary
driving forces for the growth of CO2 emissions based on LMDI
(Dong et al., 2018, 2019; Tenaw, 2020). Similarly, decoupling indicators of population and economic growth effects were positive contributions with 37.63% and 24.61%, respectively (Appendix A Fig. S5). This finding may indicate that the growth
rate of CO2 emissions increased primarily due to the effects
of population and economic growth. The gross domestic product showed a strong negative decoupling relationship with
CO2 emissions in the Republic of the Congo between 1984 and
1994 likely due to the declining economic development caused
by political instability and civil wars in the past two decades
(ADB, 2019).

3.3.
Comparison of driving forces with global industrial
countries
Africa is a lower source of global CO2 emissions compared
with Asia, America and Europe and even countries, such as
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China, the United States of America and India (Rithie, 2019).
However, the African continent is highly vulnerable to the
impact of global climate change (Field, 2014; IPCC, 2018;
Sakiru Adebola, 2014). At the global scale, our results showed
that driving forces of CO2 in the 20 selected African countries were consistent with the findings of Dong et al. (2018,
2019), which considered different income levels in more than
100 countries. Such findings were also compared with those
found in the top 20 developed countries (Yao et al., 2015)
and 27 European Union members (Fernández González et al.,
2014a, 2014b). The results showed that similar to Brazil, Mexico, Argentina, Turkey, Germany and France, the population
growth in the selected countries in this study was a major driving force influencing the increase in CO2 emissions
(Fernández González et al., 2014a; Yao et al., 2015). Our results
in economic growth were similar to the findings of highly industrialised and advanced economies (e.g. China, India, Australia, South Korea, Italy and Spain) (Fernández González et al.,
2014a). As the foremost downward-driving factor of CO2 emissions, industrial structure has been highlighted in findings
related to the United Kingdom, USA, the Russian Federation,
Canada, Brazil, Germany, Australia, Italy, Argentina and Saudi
Arabia (Fernández González et al., 2014b; Yao et al., 2015).
The negative contribution of economic growth from CO2
emissions in the majority of least developed countries (e.g.
selected countries in the central African sub-region) and the
positive contribution of economic growth from CO2 emissions
from countries with a relatively growing economy (e.g. South
Africa, Egypt, Morocco, Nigeria and Tunisia) (Fig. 6) confirmed
that economic growth is a driving force of CO2 emissions globally but may depend on national economic and population
growth rates (Aye et al., 2017).

3.4.

Policy implications

The following are suggested policy implications based on our
findings. Weak evidence of emission efficiency and industrial
structure effects found in many countries indicated that climate policy measures in Africa are insufficient in mitigating
CO2 emission growth. Specific and active policy interventions
should be implemented to improve people’s livelihoods and
resilience to climate change. African countries can reflect the
diversity of climate risks (e.g. heat stress, flood and drought),
vulnerabilities and ecosystems (forests, watersheds and drylands). Nature continues to change due to unsustainable consumption. African countries should raise awareness regarding
the role of nature-based solutions that can support climate resilience and adaptation by prioritising large-scale and coordinated approaches at the landscape or seascape level and maximising various local benefits that contribute to international
commitments (e.g. Sustainable Development Goals, Paris and
Aichi) (Ouedraogo, 2019).
The following suggestions are presented on the basis of the
results of our study. (1) Improved carbon sequestration and
decreased GHG emissions must be achieved to enhance the
conservation and restoration of ecosystems and mitigate climate change in African countries. The Paris Agreement emphasises this critical role and encourages countries to conserve and enhance sinks and reservoirs of GHGs when necessary (Seddon et al., 2019). Ecosystems play a crucial role
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in the global carbon cycle and adapting to climate change
(Kalantari et al., 2018) whilst offering a wide range of ecosystem services, which are essential to human well-being and
achieving sustainable development goals in 2030. (2) Locally
upgrading industrial structure, promoting emission efficiency
technologies, shifting from fossil fuels to environmentally
friendly energy sources and carbon pricing must be emphasised. (3) The global community must focus on consumptionbased carbon emissions in international climate negotiations
and target setting discussions because territorial emissions
only vaguely indicate the total amount of emissions related
to international trade (Tenaw, 2020).

4.

Conclusions

The African continent is seriously affected by global climate
change due to the continuous growth of urban dwellers, substantial proportion of poverty, high dependence on ecosystem
goods and rapid development of industrialisation. CO2 emission patterns in 20 African countries were investigated to understand CO2 emission characteristics and their influencing
factors further. In this study, the shift trajectory of the gravity centre of CO2 emissions is depicted and driving forces that
influence CO2 emissions are identified using LMDI and decoupling methods during 1984–2014.
The primary findings of this study are presented as follows:
(1) CO2 emissions increased by 2.11% (453.73 Mt) in the selected 20 African countries, and the largest CO2 emitters include South Africa, Egypt, Morocco and Nigeria. (2) The gravity centre for African CO2 emissions was an overall shift towards the northeast direction. The gravity centre towards the
east direction was primarily pushed by Nigeria, Egypt, Zimbabwe and Senegal. The shift of gravity centre, towards the
north direction was driven by Egypt, South Africa, Nigeria
and Tunisia. (3) The population effect, followed by the economic growth effect with a cumulative contribution rate of approximately 30.69%, was the main driving force of CO2 emissions with a cumulative contribution rate of around 44.24%.
At the national scale, the population growth displayed a positive effect on CO2 emissions whilst the economic growth effect demonstrated a balanced factor in central African countries and Zimbabwe. The industrial structure and emission
efficiency effects were offset factors with cumulative contribution rates of approximately 14.88% and 10.19%, respectively. (4) CO2 emissions were considered a consequence of
economic development in many countries that presented expansively negative decoupling and weak decoupling with economic development. (5) The industrial structure and emission
efficiency contributed to the reduction of CO2 emissions but
were inadequate to offset the positive contribution of population and economic growth. Thus, future efforts to mitigate
CO2 emissions should combine energy-related measures with
economic benefits, such as energy-efficient technologies, renewable energy and carbon market. African countries are advised to increase awareness on the role of nature-based solutions in addressing climate change adaptation and resilience.
The global community should also pay additional attention
to consumption-based carbon emissions in international climate negotiations.
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