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ABSTRACT 

The need to formulate policies to mitigate global warming has necessitated the need to 
understand the drivers of carbon emissions. The current study utilises the system-generalised 
method of moments to investigate the direct and indirect effect of financial development on 
carbon emissions for 46 sub-Saharan Africa countries over the period 2000-2015. Using several 
indicators of financial development, the empirical results reveal that financial development 
measured using broad money, domestic credit to the private sector and domestic credit to 
private sector by banks increase carbon emissions while FDI, liquid liabilities and domestic 
credit to private sector by financial sector do not affect carbon emissions. The results show that 
none of the financial development indicators exerts a significant nonlinear effect on carbon 
emissions. The results further indicate that FDI moderates economic growth to reduce carbon 
emissions but does not moderate energy consumption to affect carbon emissions. Contrarily, 
financial development measured using broad money, domestic credit to private sector by banks, 
domestic credit to private sector by financial sector and domestic credit to private sector 
moderate energy consumption to increase carbon emissions while the first three indicators of 
financial development moderate economic growth to increase carbon emissions. The results do 
not confirm the existence of the EKC hypothesis but confirm that population size, energy 
consumption, trade openness, urbanisation and economic growth increase carbon emissions. 
There are some variations in these results across regional and income groupings. These findings 
do advance not only knowledge but also have several implications for sustainable development 
policy.  
 

 

JEL classification: C3; F3; G2; O1; Q4; Q5 

 

Keywords: CO2 emissions; Energy intensity; Economic growth; Financial development 

 

 
1 Corresponding Author:  The University of Newcastle, Newcastle Business School, 409 
Hunter Street, Newcastle, NSW 2300, Australia or by via email at 
alexopokuacheampong@gmail.com/alex.acheampong@uon.edu.au 
 

mailto:alexopokuacheampong@gmail.com


2 
 

1. Introduction 

This paper aims to investigate the direct and indirect effect of financial development on 

carbon emissions. The most debated and challenging environmental issue in our time, and 

which has attracted the attention of policymakers is global warming (Acheampong, 2018; 

Solomon, 2007). The increasing concentration of greenhouse gases in the atmosphere, which 

is leading to global warming, has severe implications for both economic and human 

development. Carbon dioxide is the primary greenhouse gas behind global warming. Therefore, 

efforts by international organisations to mitigate the adverse impact of global warming has 

been a focus on policies to reduce carbon emissions (Acheampong & Boateng, 2019; 

Tamazian, Chousa, & Vadlamannati, 2009). Global carbon emissions have been increasing 

despite the global efforts to reduce it. According to the International Energy Agency (IEA) 

(2018) report, global energy-related carbon emissions increase by 1.4% in 2017. This 

represents an absolute increase of 460 million ton (Mt) reaching a historic high of 32.5 gigatons 

(Gt) for the past three years after remaining flat. This astronomic increase in carbon emissions 

conflicts with the Paris agreement on climate change to reduce carbon emissions. The IEA 

(2018) report suggests that the rise in the global carbon emissions is as a result of robust global 

economic growth, weaker energy efficiency efforts and lower fossil-fuel price. 

Undoubtedly, economic growth ensures a better standard of living but also detrimental 

to the environment (Shahbaz, Shahzad, Ahmad, & Alam, 2016). Since the seminal paper of 

Grossman and Krueger (1991), a large body of literature has investigated the nexus between 

economic growth and the environment, which is popularly known as the Environmental 

Kuznets curve (EKC). The EKC hypothesis argues that an inverted U-shaped relationship 

exists between economic growth and the environment. Thus, at the initial stage of economic 

growth, environmental degradation and pollution increase but after a certain threshold of 

economic growth, environmental quality improves (Grossman & Krueger, 1995). Studies on 

the EKC hypothesis have been conflicting. Some scholars such as Stern (2004), Stern and 

Common (2001) and Farhani and Ozturk (2015) argue that environmental pollutants are 

monotonically increasing with economic growth; hence the EKC hypothesis is not valid. 

Contrarily, other studies have supported the existence of the EKC hypothesis (see Ahmad et 

al., 2017; Apergis & Ozturk, 2015; Apergis & Payne, 2009, 2010; Ben Jebli, Ben Youssef, & 

Ozturk, 2016). Whether the EKC hypothesis exists or not, it is overly simplistic to study the 

nexus between economic growth and emissions in isolation to other aspects of economic 

development (Abbasi & Riaz, 2016). Economic development is a complex process that causes 

a structural change in an economy and a significant structural change that accompanies 
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economic development is the size and structure of the financial sector (Abbasi et al., 2016). 

Therefore, the omission of financial development from the carbon emissions model results in 

biased and misleading empirical results (Shahbaz et al., 2016; Tamazian & Bhaskara Rao, 

2010; Tamazian & Bhaskara Rao, 2009).  

While financial development is argued to have an important implication for the 

environment, its impact on the evolution of carbon emissions remains contentious. Some 

scholars are of the view that financial development improves the quality of the environment by 

reducing carbon emissions. For instance, Tamazian et al. (2009) argue that financial 

development may attract foreign direct investment and a higher degree of research and 

development, which in turn boost economic development and hence improves the quality of 

the environment. These scholars also argue that financial development enables developing 

countries with the opportunity to use new technology, help with clean and environmental-

friendly production and consequently improve global and regional environmental 

sustainability. Contrarily, another group of scholars maintain that financial development 

degrades the environment by increasing carbon emissions. According to Sadorsky (2010, 

2011), financial development makes it easy for consumers and business to have access to cheap 

credits to patronise big-ticket items and expand their existing business or create new ones 

which increase energy consumption, thereby increasing carbon emissions. While there is a 

theoretical inconsistency between financial development and carbon emission, the findings 

from the existing empirical studies remain contradictory and unclear. For instance, one group 

of empirical studies report that financial development reduces carbon emissions (see Al-Mulali, 

Tang, & Ozturk, 2015; Tamazian et al., 2010; Tamazian et al., 2009) while others report that 

financial development increases carbon emissions (see Boutabba, 2014; Sehrawat, Giri, & 

Mohapatra, 2015; Shahbaz et al., 2016). The last group of the empirical studies also suggests 

that financial development has no relationship with carbon emissions (see Dogan & Turkekul, 

2016; Maji, Habibullah, & Saari, 2017; Omri, Daly, Rault, & Chaibi, 2015).  

Up to date, limited studies have investigated the impact of financial development on 

carbon emissions and given the inconsistencies in these limited studies, Zhang (2011), Cetin, 

Ecevit, and Yucel (2018) and Haseeb et al. (2018) suggested that further empirical studies are 

necessary to reconcile these conflicting results. Thus, research on financial development and 

environment is still at the infant stage, and there is a need for further studies to provide a 

comprehensive understanding of the impact of financial development on carbon emissions. 

Additionally, the majority of the existing studies have mainly investigated the direct/linear 

impact of financial development on carbon emissions with few of the existing empirical studies 
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examining the non-linear effect of financial development on carbon emissions. Furthermore, 

there is a lack of empirical evidence of how financial development moderate economic growth 

and energy consumption to impact on carbon emissions. Finally, little is known about the 

impact of financial development on carbon emissions in sub-Saharan Africa. Given the 

inconsistency in the literature coupled with these knowledge gaps, this study investigates the 

direct and indirect impact of financial development on carbon emissions for a panel of 46 Sub-

Saharan Africa countries over the period 2000-2015.  

Why sub-Saharan Africa? Investigating the impact of financial development on carbon 

emissions in sub-Saharan Africa is very crucial because sub-Saharan Africa is the least 

contributor to global carbon emissions. However, carbon emissions in this region have been 

increasing. For instance, carbon emissions increases from  550 million tons in 2000 to 708 

million tons in 2010 and further to about 738 million tons in 2012 (see Adams & Klobodu, 

2018). Additionally, sub-Saharan Africa is the most impoverished region in the world with a 

total of 413 million people living below the poverty line as of 2015. Already, sub-Saharan 

Africa is experiencing the adverse effect of global warming which is manifested in the form of 

the increasing drought, hunger, conflicts, the spread of diseases, migration and floods 

(Serdeczny et al., 2017). Therefore, it is crucial to understand the fundamental forces that are 

behind the increasing carbon emissions in sub-Saharan Africa in other to formulate policies to 

mitigate it before it becomes worse. 

Furthermore, sub-Saharan Africa has the least developed financial system in the world. 

For instance, Allen, Carletti, Cull, Qian, and Senbet (2010) argue that before the global 

financial crisis, financial intermediation and the provision of domestic credit in sub-Saharan 

Africa were worse compared to other developing regions. For instance, the average ratio of the 

domestic credit to the private sector as a percentage of GDP stood at 17% for sub-Saharan 

Africa while the average ratio of the domestic credit to the private sector of the other developing 

regions ranges between 32%-43%. Also, average liquid liabilities as a percentage of GDP for 

sub-Saharan Africa stood below 30% in 2007 while the minimum for other developing regions 

was not below 40% (Allen et al., 2010). Recently, there have been some improvements in sub-

Saharan Africa financial system but still has the least developed financial system relative to 

other developing regions (Allen, Otchere, & Senbet, 2011). Therefore, understanding the 

impact of financial development on carbon emissions in sub-Saharan Africa will have 

implications for sustainable development and climate change policies. Thus, if financial 

development is found to reduce carbon emissions, then sustainable development objectives will 

become easier to achieve in sub-Saharan Africa. On the other hand, if financial development 
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is found to increase carbon emissions, then this can affect emissions forecasting models and 

climate change policies in sub-Saharan Africa.  

Given the motivation for the study, this paper contributes to the literature in several 

ways. First, this study does not only present the linear effect of financial development on carbon 

emissions but further investigates the non-linear impact of financial development on carbon 

emissions. Second, this study also shows the indirect channels through which financial 

development impacts on carbon emissions. Thus, unlike the previous studies, this paper extends 

the literature by examining the moderating effect between financial development, economic 

growth and energy consumption on carbon emissions. Third, King and Levine (1993) and 

Levine and Zervos (1998) argue that different financial development indicators could have a 

disparate impact on economic growth while Chang (2015), Kakar (2016) and Sadorsky (2010, 

2011) further argue that different financial development indicators could also have different 

impact on energy consumption. The argument by these scholars implies that different financial 

development indicators could also have different implications for carbon emissions. Despite 

these arguments, the majority of the existing empirical studies have used a single indicator of 

financial development to conclude the impact of financial development on carbon emissions. 

Arguably, using a single indicator of financial development could lead to biased results and 

poor conclusions (see Shahbaz et al., 2016). Given this argument, this study makes use of six 

(6) indicators of financial development to examine their respective effect on carbon emissions. 

Fourth, to avoid the assumption that the impact of financial development on carbon emissions 

is homogeneous across countries, the study also accounts for income and regional 

heterogeneities in the study sample. Finally, this study applies a dynamic two-step system 

generalised-method of moment (system GMM) on panel dataset to examine the impact of 

financial development on carbon emissions. The dynamic system GMM helps to control for 

possible endogeneity and further helps to model the short-run and long-run impacts.  

The rest of the paper is organised as follows. Section 2 presents the literature review, 

followed by an overview of the methodology and data in section 3. Empirical results and 

discussions are presented in section 4, followed by conclusions and policy implications in 

section 5.  
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2. Brief literature review 

This section presents an overview of both theoretical and empirical studies on the nexus 

between carbon emissions and financial development. Theoretically, there are two main 

opposing views about the impact of financial development on the environmental. One school 

of thought argues that financial development improves the quality of the environment through 

research and development (Frankel & Romer, 1999; Tamazian et al., 2009). Thus, financially 

developed economies attract foreign direct investment and further boost research and 

development activities, which consequently increases the quality of the environment. 

Furthermore, Tadesse (2005) and Zagorchev, Vasconcellos, and Bae (2011) argue that 

financial development facilitates technological innovations which reduce environmental 

degradation through economic growth. Additionally, Tamazian et al., (2010) and Tamazian et 

al. (2009) opine that a well-developed financial sector can make firms and governments to 

invest in environmental protection projects by having access to capital at lower cost. Claessens 

(2007) also contributes to the debate by arguing that financial development could enhance 

environmental quality through good governance. Thus, firms with good corporate governance 

could improve environmental quality through financial development. Similarly, Dasgupta, 

Laplante, and Mamingi (2001) argue that a developed financial system could create 

reputational and financial incentives for firms to invest in environment enhancing projects.  

The implication is that a well-developed financial system may motivate business or firms to 

reduce environmental pollution.  

Fig. 1: A conceptual model linking financial development to environmental pollution 
Source: Author’s construct 
 

Contrarily, the second school of thought argues that financial development could 

deteriorate the quality of the environmental. According to Jensen (1996) and World Bank 

(2000), financial development could fuel industrialisation, which may cause industrial 

Economic growth

Energy consumption

Financial development Environmental pollution

Legend
Indirect effect

Direct effect
Households

Firms
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pollution and degrade the quality of the environment. As depicted in Fig. 1, financial 

development could also degrade the environment through the households, business and wealth 

effect channels. For the household effect channel, financial development could makes 

households or consumers to have access to cheap credits or money to patronise big-ticket items 

such as air conditioners, houses, automobiles, washing machines, refrigerators, irons and other 

gadgets which demand a lot energy thereby increasing energy consumption (Kahouli, 2017; 

Sadorsky, 2010, 2011; Shahbaz, Hoang, Mahalik, & Roubaud, 2017; Shahbaz & Lean, 2012), 

which in turn degrade the environment. Similarly, for the business effect channel, developed 

financial system enables firms to have access to capital at a cheaper cost, which allows them 

to expand their business by hiring more labour, purchasing more machines and equipment and 

also building or purchasing new plant, which increases the intensity of energy consumption 

and carbon emissions (Sadorsky, 2010, 2011). These expansionary activities of firms caused 

by financial development could increase the demand for energy, which may consequently 

increase environmental pollution. For the wealth effect channel, (Sadorsky, 2010, 2011) argues 

that financial development could increase risk diversification in the economy which is crucial 

for generating wealth with an economy. Thus, financial development could boost business, and 

consumer confidence thereby increases economic growth, which in turn increases energy 

consumption and carbon emissions.  

While there is a different theoretical argument on the impact of financial development 

on the environment, the empirical findings are also contradictory. The inconsistencies in the 

empirical literature can be categorised into three main segments. The first group of the 

empirical studies report a negative effect of financial development on carbon emissions. 

Contrarily, the second group of the empirical studies report a positive effect of financial 

development on carbon emissions while the last group of the empirical studies reports an 

insignificant effect of financial development on carbon emissions. See Table 1 for the summary 

of empirical results.  
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Table 1: Summary of the empirical literature on financial development and carbon emissions 
Author Study 

period 
Countries Methodology Indicator for financial development Findings 

Zhang (2011) 1980-
2009 

China Johansen 
Cointegration and 
Granger causality 

FDI, stock market efficiency (ratio of stock 
market turnover to GDP), stock market scale 
(ratio of stock market capitalization to GDP), 
financial intermediation (ratio of the sum of 
loans to township enterprise and enterprise 
with foreign funds and private enterprise and 
self-employed  individuals to GDP), and 
financial intermediation (ratio of loans in 
financial intermediation to GDP) 

Financial intermediation scale 
drives carbon emissions. 
Financial intermediation scale 
outweighs any of the financial 
indicators but financial 
efficiency has a no larger effect 
on carbon emissions. 
Stock market has a weaker effect 
on carbon emissions. 
FDI has the least effect on carbon 
emissions. 

Yuxiang and 
Chen (2010) 

1999-
2006 

China System-GMM Ratio of bank loans to GDP, ratio of private 
loans to GDP and ratio of non-private to GDP 

 Financial development has a 
negative effect on pollution 
intensities.  

Xing, Jiang, and 
Ma (2017) 

2000-
2013 

China ARDL PCA (financial size, structure, openness, 
depth, growth, efficiency and ecology) 

Financial development  reduces 
carbon emissions 

Shahbaz, 
Solarin, 
Mahmood, and 
Arouri (2013) 

1971-
2011 

Malaysia ARDL Real domestic credit to private sector per 
capita 

A long run relationship exists 
between carbon emissions, 
energy consumption, economic 
growth and financial 
development. 
Financial development reduces 
carbon emissions. 
Feedback relationship exists 
between carbon emissions, 
energy consumption, economic 
growth and financial 
development. 

Shahbaz, 
Shahzad, 
Ahmad, and 
Alam (2016) 

1985Q1-
2014Q4 

Pakistan Nonlinear ARDL PCA  Bank and Market based financial 
development reduces 
environmental quality  

Shahbaz, 
Mallick, 
Mahalik, and 
Loganathan 
(2015) 

1970-
2012 

India Bayer-Hanck 
cointegration test 
and ARDL 

Real domestic credit to private sector per 
capita 

Globalisation, economic growth, 
energy consumption and 
financial development reduce 
environmental quality 

Sehrawat, Giri, 
and Mohapatra 
(2015) 

1971-
2011 

India ARDL and 
VECM 

Ratio of credit to the private sector to GDP A long run relationship exists 
between economic growth, 
energy consumption, financial 
development and carbon 
emissions. 
Financial development has a 
negative impact on the quality of 
the environment. 

Omri, Daly, 
Rault, and 
Chaibi (2015) 

1990-
2011 

12 MENA 
countries 

GMM Ratio of credit to the private sector to GDP No relationship existed between 
financial development and 
carbon emissions 

Nasreen, Anwar, 
and Ozturk 
(2017) 

1980-
2012 

5 South Asia 
economies 

ARDL and 
Granger causality 

PCA for financial stability Financial stability improves 
environmental quality. Financial 
stability unidirectional causes 
carbon emissions. 

Maji, 
Habibullah, and 
Saari (2017) 

1980-
2014 

Malaysia ARDL Domestic credit provided by banks to private 
sectors  

Financial development increases 
CO2 from transportation and oil 
and gas sector but reduce 
emissions from the 
manufacturing and construction 
sector. Financial development 
has an insignificant effect on 
emissions from agriculture.  
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Jamel, Maktouf, 
and Charfeddine 
(2017) 

1985-
2014 

40 European 
countries 

OLS and Granger 
causality 

Domestic credit provided by banks to private 
sectors as ratio of GDP 

There is no causal relationship 
between financial development 
and carbon emissions 

Jalil and Feridun 
(2011) 

1953-
206 

China ARDL Ratio of liquid liabilities and ratio of private 
sector loans to the GDP 

Financial development reduces 
carbon emissions 

Hao, Zhang, 
Liao, Wei, and 
Wang (2016) 

1995-
2012 

29 China 
provinces 

GMM Ratio of loans and deposits to GDP (FD). 
Ratio of loans to deposit (FE) 

Financial depth increases carbon 
emissions while financial 
efficiency decreases carbon 
emissions. There is a U-Shaped 
effect of financial development 
on carbon emissions 

Dogan and 
Turkekul (2016) 

1960-
2010 

USA ARDL Domestic credit to private sector No causal relationship between 
financial development and 
carbon emissions 

Charfeddine and 
Ben Khediri 
(2016) 

1975Q1-
2011Q4 

UAE Gregory and 
Hansen 
Cointegration 
test, Granger 
causality 

Domestic credit to private sector as ratio of 
GDP 

Inverted U-Shaped relationship 
exists between financial 
development and carbon 
emissions 

Boutabba (2014) 1971-
2008 

India ARDL and 
Granger causality 

Domestic credit to private sector Financial development increases 
carbon emissions. Financial 
development unidirectional 
causes carbon emissions 

Al-Mulali, Tang, 
and Ozturk 
(2015) 

1980-
2011 

129 
countries 

Cointegration 
test, Granger 
Causality and 
DOLS 

Domestic credit to private sector Financial development has a 
negative effect on carbon 
emissions 

Usama Al-
Mulali, Ozturk, 
and Lean (2015) 

1990-
2013 

23 
Europeans 
countries 

Cointegration test 
and FMOLS 

Domestic credit to private sector Financial development increases 
carbon emissions 

Abbasi and Riaz 
(2016) 

1971-
2011 

Pakistan  ARDL Ratio of stock market turnover to GDP 
Ratio of stock market capitalization to GDP 
Total credit as ratio of GDP 
Private sector credit as ratio of GDP 

Financial development only 
reduced carbon emissions 
between (1988-2011) 

Tamazian, 
Chousa, and 
Vadlamannati 
(2009) 

1992-
2004 

BRIC 
countries 

Random effect 
model 

Stock market value added computed as total 
shares traded on the stock market exchange to 
GDP. 
Foreign direct investment 
Ratio of deposit money bank assets to GDP 
Capital account convertibility 
Financial liberalization dummy 
financial openness 

Financial development reduces 
carbon emissions.  

Tamazian and 
Bhaskara Rao 
(2010) 

1993-
2004 

24 
Transitional 
economies 

Random effect 
model and GMM 

Financial liberalization dummy 
 

Financial development reduces 
carbon emissions. 

Shahbaz, Kumar 
Tiwari, and 
Nasir (2013) 

1965-
2008 

South Africa ARDL Domestic credit to private sector Financial development reduces 
carbon emissions. 

Shahbaz, Nasir 
and Roubaud, 
(2018) 

1955-
2016 

France Bootstrapping 
bound testing 
approach 

Domestic credit to private sector Financial development reduces 
carbon emissions. 

 

Given the inconsistency in the literature coupled with the knowledge gaps, this study 

contributes to the literature by using different indicators (six indicators) of financial 

development to investigate their direct and indirect effect on carbon emissions for a panel of 

46 Sub-Saharan Africa countries over the period 2000-2015 using a dynamic system-GMM.  

 



10 
 

3. Methodology and Data 

3.1 Empirical model 

The main aim of this study is to investigate the direct and indirect effect of financial 

development on carbon emissions. The general form of carbon emissions function used in this 

study follows that of Shahbaz et al. (2016), where carbon emissions (CO2)  is a function of 

financial development (FD), economic growth (GDP), squared of economic growth (GDP2), 

energy consumption (ENPC) and other control variables (X). Similar to Tamazian et al. (2010), 

this study adopts the dynamic reduced-form modelling approach to investigate the direct and 

indirect effect of financial development on carbon emissions. Therefore, for empirical 

estimation, the dynamic log-linear form of the empirical equation is specified in Eq. (1). 

Following Shahbaz et al. (2018), the study includes the squared term of financial development 

(lnFD2) in the empirical model to determine whether the relationship between financial 

development and carbon emissions is an inverted U-shaped or U-shaped.  

 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑖𝑖𝑖𝑖 =  𝛼𝛼1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑖𝑖𝑖𝑖−1 + 𝛽𝛽1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛿𝛿1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖

+ 𝛿𝛿2𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2
𝑖𝑖𝑖𝑖 + ∅1𝑋𝑋𝑖𝑖𝑖𝑖 + 𝑣𝑣𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖                                                                     (1) 

 

To analyse the indirect effect of financial development on carbon emissions, Eq. (1) is 

extended to include the interaction term of financial development and economic growth (lnFD 

× lnGDP) and the interaction term of financial development and energy consumption (lnFD × 

lnENPC). Therefore, the empirical model given in Eq. (2) is used to investigate the indirect or 

complementary effect of financial development on carbon emissions. 

 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑖𝑖𝑖𝑖 =  𝛼𝛼1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑖𝑖𝑖𝑖−1 + 𝛽𝛽1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖

+ 𝛿𝛿1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖+𝛿𝛿2(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 × 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)𝑖𝑖𝑖𝑖 +  𝛿𝛿3(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 × 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙)𝑖𝑖𝑖𝑖 + ∅1𝑋𝑋𝑖𝑖𝑖𝑖 + 𝑣𝑣𝑖𝑖
+ 𝜀𝜀𝑖𝑖𝑖𝑖                                                                                                                         (2) 

Where 𝑖𝑖 = 1 … … . .46 and 𝑡𝑡 = 2000 … … . 2015, 𝑋𝑋 is a set of control variables such as 

population size (lnpop) (see Dong et al., 2018; Zhu & Peng, 2012), trade openness (lntra) (see 

Acheampong, 2018; Solarin, Al-Mulali, Musah, & Ozturk, 2017) and urbanization (lnurpop) 

(see Poumanyvong & Kaneko, 2010; Sadorsky, 2014) which have  potential effect on carbon 

emissions, 𝑣𝑣𝑖𝑖 is the individual effect and 𝜀𝜀𝑖𝑖𝑖𝑖 is the stochastic error term.  

Estimating the above equations with Ordinary Least-Squares (OLS) could lead to 

inefficient estimates. In their simulation study, Judson and Owen (1999) demonstrated that 
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using OLS to estimate a model with fixed effect would generate significant bias even when T 

becomes large. Thus, the standard estimation techniques would be inconsistent since the 

unobserved panel fixed effect are correlated with the lag of the independent variable (Arellano 

& Bond, 1991).  To obtain consistent and efficient estimates under this condition, Arellano et 

al. (1991) developed a generalised method of moment (GMM) which uses the first differencing 

transformation to eliminate the countries specific unobserved heterogeneities. However, the 

first difference-generalised method of moments is found to have poor precision in simulation 

studies and large finite sample bias when the time series observation is small, and the 

autoregressive parameter is relatively large (cited in Blundell & Bond, 1998, p. 115). To 

overcome this weakness of the first difference GMM, Blundell et al. (1998) developed the 

system-generalised method of moment (System-GMM) which uses the lagged differences of 

the dependent variable as instruments for equations in levels and also includes the lagged levels 

of the dependent variable as instruments for equations in first differences. The Sargan test is 

used to check for the validity of the instruments. Additionally, this study also tests for the first 

and second-order autocorrelation. The study further carries out a stationarity and cross-

sectional dependency test of the regressions residual term. The stationarity of the regression 

residual term is an indication that the model is fit (Sadorsky, 2013). Therefore, to present 

consistent estimates, this study estimated the above equations using the robust two-step system-

GMM2 with Windmeijer (2005) finite-sample correction for the covariance matrix.  

 

3.2 Data 

Data for the study is over the period 2000-2015 for 46 Sub-Saharan African countries3. 

Environmental pollution was proxied using carbon emissions measured in kiloton (kt). Real 

GDP per capita growth was used to represent income. Energy consumption was represented 

using kg of oil equivalent per capita. Trade openness was measured using (Export +Import) as 

a percentage of GDP. Population size was measured using the total population while 

urbanisation was represented using the total urban population.  

 
2 GMM performs better with relatively small T and large N, therefore, given that in this study T=16 and N=46, 
the results from this would be consistent and efficient. Using Xtabond2 command in Stata 13 make the two-step 
dynamic system-GMM estimation more efficient than the one-step GMM. 
3 See Appendix Table A.1 for the countries included in the study 
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Some scholars have argued that different banking and stock market4 development 

indicators could have different implications on economic growth (King et al., 1993; Levine et 

al., 1998) and energy consumption (Chang, 2015; Kakar, 2016; Sadorsky, 2010, 2011). 

Therefore, it is crucial to use separate financial development indicators to examine their effect 

on carbon emissions rather than using a single indicator5. Therefore, in this study, six financial 

development variables (five banking variables and one international capital flow variable) were 

used to investigate the effect of financial development on carbon emissions. Foreign direct 

investment (lnfdi), which represents the inflow of investment resources, was represented using 

foreign direct investment, net inflow as a percentage of GDP. Exploring the literature, the 

following bank-based financial indicators were used in this paper, domestic credit to the private 

sector as a share of GDP (lndcp) (Chang, 2015; Sadorsky, 2010, 2011; Shahbaz et al., 2013; 

Yuxiang & Chen, 2010); domestic credit to private sector by banks as a share of GDP (lndcpb) 

(Chang, 2015; Jamel et al., 2017);  domestic credit to private sector by financial sector as a 

share of GDP (lndcpf) (Abbasi et al., 2016); broad money  as a share of GDP (lnm2gdp) (Kakar, 

2016) and liquid liabilities (M3) (lnliqbas) (Aslan, Apergis, & Topcu, 2014; Sadorsky, 2010, 

2011). All the data used in this study was sourced from the World Bank (2016).  

Table 2: Descriptive Statistics 
Variables                         Mean                         SD          CV                           Min                        Max 
lnco2kt 7.625 1.628 21.355 3.864 13.129 
lnrgdpg2 1.562 2.368 151.627 -10.828 8.082 
rgdpg 2.165 5.406 249.683 -36.830 56.883 
lnpop 15.729 1.595 10.143 11.304 19.015 
lnenpc 6.129 0.849 13.855 2.260 8.040 
lntra 4.252 0.471 11.071 2.950 5.861 
lnturpop 3.536 0.454 12.849 2.110 4.468 
lnfdi 0.998 1.362 136.432 -6.089 4.494 
lnliqbas 2.848 0.811 28.460 0.494 4.980 
lnm2gdp 3.278 0.612 18.678 1.050 5.021 
lndcpb 2.539 0.865 34.088 -0.891 4.666 
lndcpf 2.963 1.028 34.701 -1.561 5.428 
lndcp 2.575 0.897 34.824 -0.891 5.076 
Note: CV is the coefficient of variation 

 
4 Stock market development indicators were not used in this study because of the unavailability of data for the 
majority of the countries used in the study.  
5 One could argue that principal component analysis (PCA) should have been used to derived a single index for 
financial development. However, for policy implications and better understanding of financial development and 
environmental quality, using PCA to derive a single index for financial development could obscure our 
understanding about which measure of financial development is harmful to the environment and which one is 
good for the environment.  
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Table 2 provides the descriptive statistics of the variables. The descriptive statistics 

show that carbon emissions in sub-Saharan Africa have been volatile with a coefficient of 

variation (CV) of about 21.4% and a mean of about 7.6%. The average growth of GDP per 

capita is about 2.2 % with a high CV of 249.7%. On average, the growth of population size is 

about 15.7% and a CV of about 10.1%. Additionally, energy consumption in sub-Saharan 

Africa has a mean of 6.1% with a CV of about 13.9%.  The level of trade openness in the region 

is about 4.3% and a CV of about 11.1%. The average growth of urbanisation in sub-Saharan 

Africa is 3.5% and a CV of about 12.8%. Additionally, the average inflow of FDI into sub-

Saharan Africa is about 1%, and it is highly volatile with a CV of 136.4%. Regarding the 

financial development indicators, the average of liquid liabilities is 2.8% and a CV of 28.5%. 

Broad money has a mean of 3.278% and a CV of 18.7% while the mean of domestic credit to 

private sector by banks is 2.5% and CV of 34.1%.  Additionally, the average of domestic credit 

to private sector by financial sector is 2.96% % with a CV of 34.7% while the mean of domestic 

credit to private sector is about 2.6% and CV of 34.8%. The descriptive statistics show that the 

indicators of financial development are very volatile as they high coefficient of variations. 

The correlation matrix as presented in Table 3 shows that there is no strong correlation 

between the financial development indicators and economic growth. However, there is a fairly 

strong correlation between the financial development indicators, hence; estimating a single 

equation using all the financial development indicators could result in multicollinearity, which 

could produce inconsistent and misleading results. Therefore, to provide consistent estimates, 

separate models were estimated for each financial development indicator. 

Table 3: Correlation Table 
 lnco2kt lnrgdpg2 rgdpg lnpop lnenpc lntra lnturpop lnfdi lnliqbas lnm2gdp lndcpb lndcpf lndcp 

lnco2kt 1             

lnrgdpg2 0.0797 1            

rgdpg 0.121* 0.502*** 1           

lnpop 0.654*** 0.0345 0.0859 1          

lnenpc 0.594*** 0.190** 0.0973 0.00158 1         

lntra -0.192** 0.151* 0.0479 -0.529*** 0.255*** 1        

lnturpop 0.266*** -0.0229 -0.0112 -0.196** 0.485*** 0.344*** 1       

lnfdi -0.139* 0.288*** 0.201*** -0.0741 0.0335 0.293*** 0.121* 1      

lnliqbas -0.356*** -0.00791 -0.0452 -0.0317 -0.441*** -0.254*** -0.0699 0.0672 1     

lnm2gdp 0.0745 0.0863 0.0228 -0.376*** 0.203*** 0.287*** -0.113 -0.0568 -0.255*** 1    

lndcpb 0.366*** 0.130* 0.106 -0.195** 0.444*** 0.338*** 0.0557 -0.0774 -0.527*** 0.844*** 1   

lndcpf 0.270*** 0.0735 0.0164 -0.169** 0.279*** 0.140* -0.0595 -0.121* -0.383*** 0.829*** 0.794*** 1  

lndcp 0.433*** 0.107 0.0910 -0.152* 0.480*** 0.294*** 0.0908 -0.101 -0.548*** 0.838*** 0.988*** 0.813*** 1 



14 
 

Fig. (2) – (7) shows the bivariate relationship between the financial development 

indicators and carbon emissions. Fig. 2 shows that the bivariate relationship between FDI and 

carbon emissions is weak as the best line of fit is almost flat (horizontal) with R2 of about 

0.12%. The bivariate relationship as demonstrated in Fig. 3 shows that liquid liabilities (M3) 

is negatively related to carbon emissions with explanatory power (R2) of about 5.95%. As 

depicted in Fig. 4, 5, 6 and 7, domestic credit to private sector by financial sector, domestic 

credit to private sector by banks, broad money and domestic credit to private sector respectively 

have a positive relationship with carbon emissions. As demonstrated in Fig. 4, 5, 6 and 7, the 

explanatory power (R2) of domestic credit to private sector by financial sector, domestic credit 

to private sector by banks, broad money and domestic credit to private sector on carbon 

emissions are 1.88%, 8.11%, 0.95% and 11.09% respectively. These bivariate relationships 

between the financial development indicators and carbon emissions together with their 

explanatory powers suggest that different indicators of financial development could have 

different implications for carbon emissions. Therefore, using a single measure of financial 

development to conclude the impact of financial development on carbon emissions could be 

misleading.  

 
  Fig. 2: Relationship between FDI and carbon emissions                           Fig. 3: Relationship between liquid liabilities and carbon emissions 
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Fig. 4: Relationship between domestic credit to private sector by financial sector and carbon emissions  Fig. 5: Relationship between domestic credit to private 
sector by banks and carbon emissions 

 
Fig. 6: Relationship between broad money and carbon emissions                    Fig. 7: Relationship between domestic credit to private sector and carbon emissions 

 

4. Empirical results and discussions 

Table 4-5 present the estimates6,7 for the entire sub-Saharan Africa region. In Table 4, 

Model 1 gives the baseline results without incorporating the financial development indicators 

while Model 2-13 include the financial development indicators. The estimated coefficient on 

the lagged of carbon emissions is positive and statistically significant at 1% in all the 

specifications and ranges between 0.942 to 0.960. Thus, current year carbon emissions are 

influenced by previous year carbon emissions. This result is in line with the findings of existing 

studies such as Tamazian and Bhaskara Rao (2010) and Hao et al. (2016), which show that 

 
6 The estimates presented in this study are the short-run estimates. However, the long-run estimates for each model 
can be obtained by dividing the short-run elasticities by one (1) minus the estimated coefficient of the lagged of 
carbon emissions.  
7 Before estimating the system-GMM results, fixed effect estimator was used to estimate the baseline results. 
However, the results from the fixed-effect estimator were not reported here because of space. See the 
supplementary materials for the fixed effect results. 
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previous year emissions have a positive influence on current year emissions. The results further 

indicate that economic growth exerts a statistically significant positive effect on carbon 

emissions at 5% while its squared term has an insignificant negative impact on carbon 

emissions. The significant positive impact of economic growth on carbon emissions implies 

that 1% increase in economic growth will increase carbon emissions between the ranges of 

0.004 to 0.006 while the insignificant negative effect of the squared term of economic growth 

does not corroborate the EKC hypothesis. Similar studies have found that the main term of 

economic growth has a significant positive effect on carbon emissions while its squared term 

has an insignificant negative impact on carbon emissions (see Tamazian & Bhaskara Rao, 

2010). The significant positive impact of economic growth on carbon emissions is not in line 

with the findings of (Soytas & Sari, 2009; Soytas, Sari, & Ewing, 2007) but collaborates the 

results of Ang (2007) and Wang, Zhou, Zhou, and Wang (2011), which reveal that economic 

growth increases carbon emissions. The evidence that EKC hypothesis is not valid in sub-

Saharan supports the argument that carbon emissions are monotonically increasing with 

economic growth (Jardón, Kuik, & Tol, 2017; Stern, 2004; Stern & Common, 2001). Also, 

population size exerts a statistically significant positive effect on carbon emissions at 1% in all 

the models. The estimated coefficient of the population ranges from 0.041 to 0.055. Thus, a 

continuous increase in population size coupled with unsustainable consumption and poverty 

will worsen carbon emissions in sub-Saharan Africa. This result is consistent with the findings 

of previous studies such as (Dong et al., 2018; Shi, 2003; Zhu & Peng, 2012), which also 

confirm that carbon emissions increases with increasing population size.  

The estimated coefficient on energy consumption is positive and statistically significant 

at 5% or better in all the specifications. The energy consumption coefficient ranges from 0.025 

to 0.059. This finding is not surprising because the IEA (2014) report shows that the level of 

energy intensity in sub-Saharan Africa is twice the world average and three times the OECD 

average making it one of the most energy inefficient regions in the world hence contributing to 

the rise of carbon emissions. This finding is similar to previous studies, which confirm that 

energy consumption increases carbon emissions (Acheampong, 2018; Acheampong et al., 

2019; Apergis & Payne, 2009; Kivyiro & Arminen, 2014; Omri et al., 2015; Sadorsky, 2014; 

Soytas et al., 2007; Tamazian & Bhaskara Rao, 2010; Tamazian et al., 2009; Wang et al., 2011). 

Similarly, trade openness has a statistically significant positive effect on carbon emissions in 

five specifications at 10%. The trade openness coefficient ranges from 0.032 to 0.036. Thus, 

trade openness deteriorate the quality of the environment and this result is in line with the 

findings of (Acheampong, Adams, & Boateng, 2019; Ahmed, Rehman, & Ozturk, 2017; Ren, 
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Yuan, Ma, & Chen, 2014; Solarin et al., 2017), which show that trade openness degrade the 

quality of the environment by increasing carbon emissions. On the other hand, this result 

contradicts the findings of (Acheampong, 2018; Antweiler, Copeland, & Taylor, 2001), which 

show that trade openness improves the quality of the environment by reducing carbon 

emissions. The estimated coefficient on urbanisation is positive and statistically significant at 

10% or better in ten of the specifications. Consistent with the ecological modernisation theory, 

the continuous expansion of urbanisation will degrade the environment by increasing carbon 

emissions. Thus, as urbanisation increases traffic congestions and overcrowding, it 

consequently increases energy consumption and carbon emissions (Breheny, 2001; 

Poumanyvong & Kaneko, 2010). 

FDI exerts an insignificant positive effect on carbon emissions. Thus, FDI has no 

statistically significant impact on the environment, and this is in line with the results of Abbasi 

and Riaz (2016), which show that FDI has no statistically significant effect on carbon 

emissions. This empirical result also contradicts the findings of previous empirical studies 

which found that FDI has a significant impact on the quality of the environment (see Kivyiro 

& Arminen, 2014; Pao & Tsai, 2011; Ren et al., 2014; Shahbaz et al., 2018; Solarin et al., 2017; 

Zhang & Zhou, 2016). Similarly, financial development measured using liquid liabilities 

(lnliqbas) and domestic credit to private sector by financial sector (lndcpf) exerts an 

insignificant effect on carbon emissions. The negligible effect of financial development 

measured using domestic credit to private sector by financial sector on carbon emissions is 

consistent with the findings of Abbasi and Riaz (2016), which confirm that total credit has an 

insignificant effect on carbon emissions. Additionally, existing studies have found that 

financial development measured using liquid liabilities as a measure of financial development 

increases energy consumption (Aslan et al., 2014; Sadorsky, 2011). However, this study found 

that liquid liabilities has an insignificant effect on carbon emissions. The negligible effect of 

liquid liabilities on carbon emissions contradicts the empirical results of Jalil and Feridun 

(2011), which show that financial development measured using liquid liabilities reduces carbon 

emissions in China.  

On the other hand, other financial development indicators such as broad money 

(lnm2gdp), domestic credit to the private sector (lndcp) and domestic credit to private sector 

by banks (lndcpb) exert a statistically significant positive effect on carbon emissions at 5%. 

Thus, a percentage increase in broad money, domestic credit to private sector by banks and 

domestic credit to the private sector increase carbon emissions by 0.027%, 0.020% and 0.022% 

respectively. Thus, these indicators of financial development add to carbon emissions, and this 
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is consistent with the findings of existing literature such as Shahbaz et al. (2016), which 

confirm that bank-based financial development increases carbon emissions. Specifically, this 

finding is in line with previous studies, which prove that domestic credit to private sector 

increases carbon emissions (Al-Mulali et al., 2015; Boutabba, 2014; Maji et al., 2017; Sehrawat 

et al., 2015). On the other hand, this result is inconsistent with the findings of existing literature 

which show that financial development measured using domestic credit to the private sector 

improves environmental quality by reducing carbon emissions (Abbasi & Riaz, 2016; Al-

Mulali et al., 2015; Maji et al., 2017; Shahbaz et al., 2018; Shahbaz, Solarin, et al., 2013). The 

significant positive effect of these financial development indicators on carbon emissions 

suggests that sub-Saharan Africa financial sector is probably not attracting or facilitating the 

transfer of green technologies to promote environmental sustainability. The poor liberalisation 

of sub-Saharan Africa financial system is one of the critical factors hindering the ability of 

financial institutions to support green technologies. In this case, Tamazian et al. (2009) argue 

that higher financial liberalisation is a key to encourage competition and promote the transfer 

of technological innovation, which provides the necessary condition for mitigation carbon 

emissions.  

Model (8) - (13) of Table 4 present the non-linear effect of financial development on 

carbon emissions. In Model 8, the linear and the squared term of FDI respectively exert a 

positive and negative effect on carbon emissions, but both linear and the squared term of FDI 

has an insignificant impact on carbon emissions. This empirical result contradicts the findings 

Shahbaz et al. (2018) and Shahbaz, Nasreen, Abbas, and Anis (2015), which confirm that there 

is a significant non-linear relationship between FDI and carbon emissions. Specifically, the 

findings of Shahbaz et al. (2018) and Shahbaz, Nasreen, et al. (2015) show that there is a U-

shaped relationship between FDI and carbon emissions, but this study found an inverted U-

shaped relationship between FDI and carbon emissions but not statistically significant.  

Additionally, none of the proxies of financial development has a significant non-linear (either 

U-shaped or an inverted U-shaped) effect on carbon emissions (see Model 9-13). Explicitly, 

this result also contradicts the findings of Shahbaz et al. (2018), which show that financial 

development measured using domestic credit to the private sector exerts a significant non-

linear (inverted U-shaped) effect of carbon emissions in France.  
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Table 4: System-GMM results for carbon emissions 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 Model 13 

L.lnco2kt 0.942*** 0.957*** 0.959*** 0.948*** 0.948*** 0.956*** 0.945*** 0.957*** 0.960*** 0.946*** 0.947*** 0.956*** 0.944*** 

 (0.014) (0.008) (0.008) (0.008) (0.010) (0.010) (0.010) (0.008) (0.008) (0.008) (0.010) (0.010) (0.011) 

lnrgdpg2 -0.002 -0.004 -0.000 -0.002 -0.002 -0.001 -0.002 -0.004 -0.000 -0.002 -0.001 -0.001 -0.001 

 (0.004) (0.004) (0.004) (0.003) (0.003) (0.003) (0.003) (0.004) (0.004) (0.003) (0.003) (0.003) (0.003) 

rgdpg 0.004** 0.005** 0.004 0.005** 0.005** 0.006*** 0.005** 0.005** 0.004 0.005** 0.005** 0.006*** 0.005** 

 (0.002) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) 

lnpop 0.054*** 0.044*** 0.043*** 0.054*** 0.052*** 0.043*** 0.054*** 0.044*** 0.041*** 0.055*** 0.053*** 0.042*** 0.055*** 

 (0.010) (0.006) (0.007) (0.007) (0.007) (0.008) (0.007) (0.006) (0.008) (0.006) (0.008) (0.008) (0.008) 

lnenpc 0.059*** 0.033*** 0.025** 0.028** 0.027** 0.037*** 0.027** 0.033*** 0.025** 0.033** 0.026** 0.038*** 0.025** 

 (0.021) (0.012) (0.011) (0.011) (0.011) (0.013) (0.011) (0.012) (0.011) (0.013) (0.011) (0.014) (0.011) 

lntra 0.036* 0.033* 0.036* 0.036 0.033 0.034 0.035 0.034* 0.036* 0.032 0.034 0.033 0.036 

 (0.021) (0.019) (0.021) (0.022) (0.023) (0.022) (0.024) (0.019) (0.021) (0.022) (0.023) (0.022) (0.024) 

lnturpop 0.024 0.032* 0.035* 0.055*** 0.053*** 0.024 0.055*** 0.033* 0.035* 0.051*** 0.053*** 0.023 0.056*** 

 (0.021) (0.017) (0.020) (0.017) (0.019) (0.020) (0.018) (0.018) (0.019) (0.018) (0.019) (0.021) (0.018) 

lnfdi  0.005      0.005      

  (0.007)      (0.006)      

lnliqbas   -0.005      0.012     

   (0.007)      (0.037)     

lnm2gdp    0.027**      0.102*    

    (0.012)      (0.057)    

lndcpb     0.020**      0.010   

     (0.009)      (0.018)   

lndcpf      0.006      0.014  

      (0.008)      (0.011)  

lndcp       0.022**      0.010 

       (0.009)      (0.017) 

lnfdi2        -0.001      

        (0.004)      

lnliqbas2         -0.003     

         (0.007)     

lnm2gdp2          -0.011    

          (0.009)    

lndcpb2           0.002   

           (0.004)   

lndcpf2            -0.002  

            (0.002)  

lndcp2             0.002 

             (0.003) 

Constant -0.939*** -0.772*** -0.719*** -1.014*** -0.906*** -0.756*** -0.936*** -0.778*** -0.718*** -1.122*** -0.901*** -0.756*** -0.925*** 

 (0.200) (0.139) (0.145) (0.175) (0.171) (0.182) (0.176) (0.138) (0.146) (0.186) (0.169) (0.177) (0.175) 

Observations 350 317 333 338 338 315 338 317 333 338 338 315 338 

Sargan 219.985 261.494 275.865 278.954 275.772 253.135 274.889 263.364 289.972 279.972 275.813 252.984 274.819 

P(Sargan) 0.321 0.740 0.457 0.473 0.526 0.705 0.541 0.712 0.723 0.456 0.526 0.707 0.543 

AR(1) 0.003 0.000 0.004 0.004 0.004 0.003 0.004 0.000 0.004 0.004 0.004 0.003 0.004 

AR(2) 0.450 0.532 0.262 0.271 0.277 0.323 0.280 0.530 0.258 0.272 0.277 0.323 0.279 

CD test 0.893 0.517 0.549 0.352 0.387 0.591 0.379 0.516 0.550 0.339 0.367 0.594 0.364 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in 
system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence of the first and second-
order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test 
for stationarity test. The p-values for CD and ADF tests are reported. The CD test suggests that residual from all the models 
are cross-sectional independent. The ADF test also suggest that the residual from all the models are stationary, indicating a 
good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 
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Model (1)-(6) of Table 5 presents the interaction effect of financial development 

indicators and economic growth on carbon emissions while Model (7)-(12) of Table 5 shows 

the interaction effect of financial development and energy consumption on carbon emissions. 

Focusing on Model (1)-(6), the results indicate that the interaction term of FDI and economic 

growth exerts a significant negative impact on carbon emissions at 10%. Thus, FDI does not 

have a direct effect on the environment but indirectly improves the quality of the environment 

by moderating economic growth. The implication is that FDI promotes the transfer of standard 

environmental management practices, and environmentally friendly technologies into the 

economies of sub-Saharan Africa countries, thereby contributing to a reduction in carbon 

emissions. Contrarily, financial development measured using broad money, domestic credit to 

private sector by banks and domestic credit to private sector moderate economic growth to 

have a significant positive effect on carbon emissions. Thus, these financial development 

indicators complement economic growth to increase carbon emissions in sub-Saharan Africa 

indirectly. However, the interaction term of liquid liabilities and economic growth has an 

insignificant negative effect on carbon emissions. The evidence that some of the financial 

development indicators complement economic growth to increase carbon emissions implies 

that sub-Saharan African financial sector inefficiently allocate resources to the sectors of the 

economy that are environmentally unsustainable, thereby contributing to the increase in carbon 

emissions. 

Focusing on Model (7)-(8) of Table 5, the results indicate that the interaction terms of 

FDI, liquid liabilities and energy consumption exert an insignificant negative impact on carbon 

emissions. On the other hand, the interaction terms of broad money, domestic credit to private 

sector by banks, domestic credit to private sector by financial sector and domestic credit to 

private sector and energy consumption have a significant positive effect on carbon emissions 

at 10%, 5%, 10% and 5% respectively. The implication is that financial development provides 

access to credit for household/consumers to patronise big-ticket items and make business/firms 

to expand their business, which increases the demand for energy consumption (Sadorsky, 2010, 

2011), thereby increasing carbon emissions. Similarly, the significant moderating effect of 

financial development and energy consumption on carbon emissions suggest that sub-Saharan 

African financial sector inefficiently allocate resources (capital) to firms and other economic 

sectors that depend or consume much of non-renewable energy, thereby contributing to the 

increase in carbon emissions. 
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Table 5: Interaction Finance and carbon emissions  
Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 

L.lnco2kt 0.957*** 0.959*** 0.952*** 0.952*** 0.957*** 0.949*** 0.957*** 0.956*** 0.947*** 0.945*** 0.954*** 0.942*** 

 (0.007) (0.008) (0.007) (0.009) (0.010) (0.010) (0.008) (0.008) (0.008) (0.010) (0.011) (0.010) 

lnrgdpg2 -0.002 -0.001 -0.001 -0.001 -0.001 -0.001 -0.004 -0.000 -0.001 -0.001 -0.001 -0.001 

 (0.004) (0.004) (0.003) (0.003) (0.004) (0.003) (0.004) (0.004) (0.003) (0.003) (0.003) (0.003) 

rgdpg 0.007*** 0.006 -0.010 -0.002 0.003 -0.001 0.005** 0.004 0.005*** 0.005** 0.006*** 0.005*** 

 (0.002) (0.010) (0.007) (0.004) (0.006) (0.004) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) 

lnpop 0.043*** 0.043*** 0.052*** 0.050*** 0.043*** 0.052*** 0.043*** 0.045*** 0.054*** 0.055*** 0.044*** 0.055*** 

 (0.006) (0.007) (0.006) (0.006) (0.008) (0.007) (0.006) (0.007) (0.007) (0.008) (0.009) (0.008) 

lnenpc 0.033*** 0.026** 0.026** 0.027** 0.036*** 0.026** 0.042*** 0.055* -0.019 -0.001 0.011 0.005 

 (0.012) (0.011) (0.010) (0.011) (0.013) (0.011) (0.015) (0.029) (0.028) (0.012) (0.018) (0.012) 

lntra 0.037* 0.037* 0.039* 0.038* 0.035 0.039* 0.031 0.043* 0.035 0.038 0.034 0.039 

 (0.019) (0.019) (0.021) (0.022) (0.023) (0.023) (0.019) (0.022) (0.022) (0.024) (0.022) (0.025) 

lnturpop 0.032* 0.034* 0.042*** 0.042** 0.022 0.045** 0.028 0.034* 0.056*** 0.051*** 0.025 0.052*** 

 (0.018) (0.019) (0.016) (0.017) (0.021) (0.018) (0.018) (0.020) (0.015) (0.018) (0.020) (0.018) 

lnfdi×rgdpg -0.003*            

 (0.001)            

lnfdi 0.007      0.050      

 (0.007)      (0.051)      

lnliqbas×rgdpg  -0.001           

  (0.003)           

lnliqbas  -0.002      0.057     

  (0.012)      (0.049)     

lnm2gdp×rgdpg   0.004**          

   (0.002)          

lnm2gdp   0.015      -0.056    

   (0.014)      (0.053)    

lndcpb×rgdpg    0.003*         

    (0.002)         

lndcpb    0.011      -0.050*   

    (0.010)      (0.030)   

lndcpf×rgdpg     0.001        

     (0.002)        

lndcpf     0.004      -0.048  

     (0.010)      (0.030)  

lndcp×rgdpg      0.002*       

      (0.001)       

lndcp      0.013      -0.034 

      (0.010)      (0.029) 

lnfdi×lnenpc       -0.007      

       (0.008)      

lnliqbas×lnenpc        -0.009     

        (0.007)     

lnm2gdp×lnenpc         0.013*    

         (0.008)    

lndcpb×lnenpc          0.011**   

          (0.005)   

lndcpf×lnenpc           0.009*  

           (0.004)  

lndcp×lnenpc            0.009** 

            (0.004) 

Constant -0.770*** -0.734*** -0.923*** -0.858*** -0.746*** -0.889*** -0.769*** -0.964*** -0.718*** -0.771*** -0.601*** -0.813*** 

 (0.145) (0.148) (0.161) (0.150) (0.176) (0.157) (0.131) (0.255) (0.241) (0.154) (0.194) (0.163) 

Observations 317 333 338 338 315 338 317 333 338 338 315 338 

Sargan 262.270 275.085 276.175 274.343 253.287 273.553 260.601 275.665 278.016 275.009 252.762 274.283 

P(Sargan) 0.714 0.453 0.503 0.534 0.687 0.547 0.739 0.443 0.472 0.523 0.695 0.535 

AR(1) 0.000 0.003 0.004 0.003 0.003 0.004 0.000 0.004 0.004 0.004 0.003 0.004 

AR(2) 0.480 0.242 0.322 0.292 0.330 0.293 0.525 0.263 0.276 0.284 0.329 0.284 

CD test 0.526 0.545 0.392 0.414 0.619 0.409 0.489 0.484 0.337 0.315 0.587 0.338 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence 
of the first and second-order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test for stationarity test. The p-values for CD and ADF tests are reported. The 
CD test suggests that residual from all the models are cross-sectional independent. The ADF test also suggest that the residual from all the models are stationary, indicating a good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 
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4.1 Sensitivity analysis 

One of the critical factors that might have caused the inconsistency in the empirical 

literature is the structural difference among countries. This sub-section, therefore, conducts 

sensitivity analysis by accounting for income and regional heterogeneities within Sub-Saharan 

Africa. 

4.1.1 Level of economic development 

It is likely that the impact of financial development on carbon emissions could vary 

across different levels of economic development. Based on the level of economic development, 

this study categorises the study sample into low-income and high-income countries8 to check 

how the results might differ across these income-groupings. Table 6 shows the estimate for 

low-income countries while Table 7 shows the estimate for high-income countries. For both 

low-income and high-income countries, the estimated coefficient on the lagged of carbon 

emissions is positive and statistically significant at 1% in all the specifications. The results 

indicate that economic growth exerts a statistically significant positive effect on carbon 

emissions at 5% while its squared term has an insignificant effect on carbon emissions. 

Contrarily, for high-income countries, economic growth exerts a statistically significant 

positive effect on carbon emissions only in model 10 at 10% while its squared term of the 

economic growth has a significant negative effect on carbon emissions at 1% in all the 

specifications. Thus, the EKC hypothesis is valid in high-income countries but not in low-

income countries. The results further suggest that population size increases carbon emissions 

in both low-income and high-income countries.   

The findings show that for low-income countries, energy consumption has an 

insignificant effect on carbon emissions whiles it contributes significantly to carbon emissions 

in high-income countries. Thus, in low-income countries, energy consumption is relatively 

low, hence unable to have a significant effect on carbon emissions while energy consumption 

in high-income countries is relatively high thereby increasing carbon emissions. This result is 

not in line with the empirical finding of Shahbaz, Nasreen, et al. (2015), which show that energy 

consumption increases carbon emissions in low-income countries. The results further indicate 

that trade openness contributes to carbon emissions in both low-income and high-income 

countries. Thus, trade liberalisation policies in both high-income and low-income countries 

will worsen the quality of the environment. For low-income countries, the estimated coefficient 

 
8 Low-income countries are made up of lower income and low-middle income countries while the high-income 
countries are up of the upper-middle and high-income countries within sub-Saharan Africa.  
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on urbanisation is positive and statistically significant at 10% or better in ten of the 

specifications while for high-income countries, the results indicate that urbanization 

contributes to a reduction in carbon emissions, and this confirms the compact city theory. Thus, 

for high-income countries, rapid urbanisation helps cities to facilitate economies of scale for 

urban infrastructure and these economies of scale further reduce carbon emissions whereas 

these economies of scale are absent/minimal in low-income countries (Poumanyvong & 

Kaneko, 2010). 
Table 6: Results for Lower-income countries 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 Model 13 

L.lnco2kt 0.951*** 0.953*** 0.957*** 0.950*** 0.951*** 0.955*** 0.951*** 0.953*** 0.958*** 0.941*** 0.951*** 0.952*** 0.950*** 

 (0.010) (0.010) (0.008) (0.009) (0.011) (0.011) (0.011) (0.010) (0.007) (0.011) (0.011) (0.012) (0.011) 

lnrgdpg2 -0.001 -0.001 0.001 0.001 0.001 0.001 0.001 -0.001 0.001 0.001 0.001 0.001 0.001 

 (0.003) (0.003) (0.004) (0.003) (0.004) (0.004) (0.004) (0.004) (0.005) (0.003) (0.004) (0.004) (0.004) 

rgdpg 0.007*** 0.006*** 0.006* 0.006*** 0.006*** 0.006*** 0.006*** 0.006*** 0.006* 0.006*** 0.006*** 0.006** 0.006*** 

 (0.002) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) (0.002) (0.003) (0.002) (0.002) (0.002) (0.002) 

lnpop 0.045*** 0.047*** 0.044*** 0.052*** 0.048*** 0.045*** 0.048*** 0.047*** 0.039*** 0.059*** 0.048*** 0.045*** 0.049*** 

 (0.014) (0.010) (0.011) (0.012) (0.013) (0.013) (0.013) (0.010) (0.011) (0.012) (0.012) (0.013) (0.013) 

lnenpc 0.033 0.019 0.023 0.018 0.018 0.023 0.018 0.019 0.022 0.020 0.019 0.027 0.019 

 (0.025) (0.015) (0.018) (0.017) (0.017) (0.022) (0.017) (0.015) (0.019) (0.018) (0.018) (0.024) (0.018) 

lntra 0.037 0.041* 0.043* 0.041 0.037 0.031 0.037 0.041* 0.043* 0.035 0.037 0.029 0.037 

 (0.026) (0.022) (0.024) (0.025) (0.025) (0.028) (0.025) (0.023) (0.023) (0.026) (0.025) (0.027) (0.025) 

lnturpop 0.032** 0.033** 0.028 0.047*** 0.044** 0.032* 0.045** 0.033** 0.028* 0.049*** 0.045** 0.030* 0.046** 

 (0.015) (0.017) (0.018) (0.016) (0.020) (0.018) (0.020) (0.016) (0.016) (0.018) (0.019) (0.018) (0.019) 

lnfdi  0.006      0.006      

  (0.008)      (0.007)      

lnliqbas   0.012      0.142*     

   (0.012)      (0.075)     

lnm2gdp    0.020      0.139**    

    (0.016)      (0.061)    

lndcpb     0.010      0.020   

     (0.013)      (0.021)   

lndcpf      0.004      0.033**  

      (0.011)      (0.017)  

lndcp       0.011      0.023 

       (0.014)      (0.022) 

lnfdi2        -0.000      

        (0.004)      

lnliqbas2         -0.022*     

         (0.013)     

lnm2gdp2          -0.017*    

          (0.009)    

lndcpb2           -0.002   

           (0.006)   

lndcpf2            -0.006*  

            (0.003)  

lndcp2             -0.003 

             (0.006) 

Constant -0.744*** -0.757*** -0.773*** -0.916*** -0.789*** -0.715*** -0.798*** -0.758*** -0.889*** -1.142*** -0.795*** -0.738*** -0.810*** 

 (0.197) (0.176) (0.208) (0.233) (0.213) (0.227) (0.221) (0.178) (0.191) (0.242) (0.204) (0.217) (0.211) 

Observations 272 241 255 260 260 249 260 241 255 260 260 249 260 

Sargan 216.732 202.794 222.042 226.634 228.200 215.249 227.566 203.321 228.282 227.171 229.447 214.575 228.908 

P(Sargan) 0.379 0.864 0.652 0.640 0.613 0.651 0.624 0.858 0.712 0.631 0.590 0.663 0.600 

AR(1) 0.007 0.001 0.010 0.011 0.011 0.006 0.011 0.001 0.010 0.010 0.011 0.006 0.011 

AR(2) 0.680 0.973 0.437 0.468 0.474 0.556 0.474 0.973 0.368 0.471 0.474 0.551 0.474 
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CD test 0.762 0.547 0.386 0.358 0.422 0.560 0.404 0.546 0.404 0.363 0.484 0.590 0.476 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in 
system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence of the first and second-
order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test 
for stationarity test. The p-values for CD and ADF tests are reported. The CD test suggests that residual from all the models 
are cross-sectional independent. The ADF test also suggest that the residual from all the models are stationary, indicating a 
good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 

 

For low-income countries, the results show that FDI and financial development 

indicators have an insignificant effect on carbon emissions. The insignificant direct effect of 

FDI on carbon emissions is inconsistent with the empirical finding of Shahbaz, Nasreen, et al. 

(2015), who found that FDI has a significant positive impact on carbon emissions in low-

income countries. Contrarily, this evidence supports the empirical findings of existing studies 

which found that financial development measured using domestic credit to private sector 

(Dogan & Turkekul, 2016; Omri et al., 2015) and domestic credit to private sector by banks 

(Jamel et al., 2017; Maji et al., 2017) have no effect on the environment.  

The results reveal that for high-income countries, FDI exerts a statistically significant 

negative effect on carbon emissions at 1%, and this confirms the pollution-halo hypothesis. 

Thus, for high-income countries, FDI promotes the spread of green technologies since high-

income countries apply or have a relatively stringent or standard environmental regulatory 

framework, which helps to promote environmental sustainability. Similarly, Shahbaz, Nasreen, 

et al. (2015) also supported the pollution-halo hypothesis in high-income countries. On the 

other hand, financial development measured using broad money, credit to private sector by 

bank and domestic credit to the private sector have a statistically significant positive effect on 

carbon emissions at 1%.  Thus, a percentage increase in broad money, credit to private sector 

by bank and domestic credit to the private sector increase carbon emissions by 0.033%, 0.029% 

and 0.028% respectively. This could be that firms and consumers that have access to capital 

from the banking institutions in high-income countries are environmentally unsustainable. In 

other words, financial institutions in high-income countries are allocating resources (capital) 

for investment in projects that are environmentally unsustainable.  

The non-linear effect models show that for low-income countries (see Model 8-13 of 

Table 6), the linear and squared term of liquid liabilities, broad money and credit to private 

sector by financial sector respectively have a significant positive and negative effect on carbon 

emissions. This result suggests that these financial indicators have an inverted U-shaped 

relationship with carbon emissions and support the EKC hypothesis between financial 

development and carbon emissions. The implication is that these financial development 



25 
 

indicators increase carbon emissions, but carbon emissions reduce after a certain threshold of 

these financial development indicators (liquid liabilities, broad money and credit to private 

sector by financial sector). The squared term of FDI, domestic credit to private sector and 

domestic credit to private sector by banks have an insignificant effect on carbon emissions. 

This result is supported by the findings of Shahbaz et al. (2015), which indicate that FDI has 

no curvilinear effect on carbon emissions in lower-income countries. However, for high-

income countries (see Model 8-13 of Table 7), the results show that the squared term of FDI 

has an insignificant negative effect on carbon emissions. Additionally, among the financial 

development indicators, only the squared term of liquid liabilities exerts a statistically 

significant negative impact on carbon emissions. Thus, liquid liabilities have an inverted U-

shaped relationship with carbon emissions in high-income countries, and this confirms the EKC 

hypothesis between financial development measured using liquid liabilities and carbon 

emissions. 

The interaction results indicate that for low-income countries (See Appendix Table 

A.2), evidence suggests that the interaction term of FDI and economic growth exerts an 

insignificant negative effect on carbon emissions. Additionally, among the financial 

development indicators, only the interaction terms of broad money, credit to private sector by 

financial sector and economic growth exert a statistically significant positive effect on carbon 

emissions at 10%. Thus, these indicators of financial development moderate economic growth 

to increase carbon emissions in low-income countries and the implication is that is not always 

financial development will have a direct effect on the environment but it could also be indirect. 

Additionally, the findings indicate that the interaction term of FDI and energy consumption 

exerts an insignificant positive effect on carbon emissions. On the other hand, among the 

financial development indicators, only the interaction term of liquid liabilities and economic 

growth exerts a statistically significant positive effect on carbon emissions at 10%. Thus, liquid 

liabilities moderates energy consumption to increase carbon emissions in low-income 

countries.  
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Table 7: Results for Higher-income countries  
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 Model 13 

L.lnco2kt 0.841*** 0.785*** 0.840*** 0.829*** 0.834*** 0.846*** 0.831*** 0.789*** 0.839*** 0.819*** 0.841*** 0.827*** 0.844*** 

 (0.059) (0.054) (0.056) (0.070) (0.063) (0.068) (0.062) (0.054) (0.055) (0.075) (0.063) (0.117) (0.065) 

lnrgdpg2 -0.018*** -0.017*** -0.017*** -0.019*** -0.018*** -0.017*** -0.018*** -0.016*** -0.016*** -0.019*** -0.019*** -0.017*** -0.019*** 

 (0.004) (0.005) (0.005) (0.005) (0.005) (0.006) (0.005) (0.005) (0.005) (0.005) (0.004) (0.006) (0.004) 

rgdpg 0.002 0.003 0.002 0.004 0.004 0.004 0.004 0.003 0.003 0.005* 0.004 0.004 0.004 

 (0.003) (0.003) (0.003) (0.003) (0.003) (0.006) (0.003) (0.003) (0.003) (0.003) (0.003) (0.005) (0.003) 

lnpop 0.188*** 0.252*** 0.188*** 0.194** 0.184** 0.188** 0.184*** 0.246*** 0.189*** 0.204** 0.182** 0.205* 0.182** 

 (0.070) (0.062) (0.066) (0.081) (0.072) (0.078) (0.071) (0.063) (0.064) (0.085) (0.071) (0.112) (0.071) 

lnenpc 0.217** 0.307*** 0.217** 0.229** 0.230** 0.217* 0.227** 0.302*** 0.221** 0.229** 0.234** 0.212* 0.237** 

 (0.093) (0.092) (0.090) (0.108) (0.100) (0.125) (0.098) (0.093) (0.090) (0.110) (0.094) (0.121) (0.094) 

lntra 0.142* 0.199*** 0.144** 0.114 0.122* 0.192* 0.125* 0.196*** 0.118** 0.106 0.135* 0.200* 0.136* 

 (0.074) (0.070) (0.069) (0.076) (0.071) (0.106) (0.072) (0.072) (0.053) (0.078) (0.072) (0.108) (0.073) 

lnturpop -0.170*** -0.247*** -0.151** -0.137** -0.127* -0.155 -0.121 -0.243*** -0.191*** -0.118** -0.166*** -0.099 -0.172** 

 (0.064) (0.080) (0.060) (0.069) (0.073) (0.106) (0.074) (0.081) (0.064) (0.050) (0.062) (0.200) (0.079) 

lnfdi  -0.028***      -0.028***      

  (0.008)      (0.007)      

lnliqbas   -0.006      0.057     

   (0.009)      (0.037)     

lnm2gdp    0.033***      -0.050    

    (0.009)      (0.108)    

lndcpb     0.029***      0.092   

     (0.007)      (0.070)   

lndcpf      0.004      -0.011  

      (0.017)      (0.046)  

lndcp       0.028***      0.100 

       (0.006)      (0.100) 

lnfdi2        -0.003      

        (0.003)      

lnliqbas2         -0.011**     

         (0.006)     

lnm2gdp2          0.013    

          (0.016)    

lndcpb2           -0.012   

           (0.013)   

lndcpf2            0.004  

            (0.016)  

lndcp2             -0.013 

             (0.018) 

Constant -2.838** -3.847*** -2.891** -3.027* -2.996** -3.183** -2.978** -3.755*** -2.718** -2.998* -3.027** -3.498* -3.054** 

 (1.379) (1.273) (1.278) (1.546) (1.405) (1.462) (1.395) (1.281) (1.141) (1.550) (1.390) (1.980) (1.393) 

Observations 78 76 78 78 78 66 78 76 78 78 78 66 78 

Sargan 69.658 70.193 69.277 67.863 68.033 58.100 68.061 69.865 68.763 68.367 66.916 59.160 66.708 

P(Sargan) 0.489 0.371 0.468 0.516 0.510 0.435 0.509 0.349 0.451 0.465 0.514 0.361 0.522 

AR(1) 0.156 0.167 0.158 0.169 0.166 0.230 0.166 0.169 0.152 0.171 0.162 0.202 0.158 

AR(2) 0.263 0.286 0.253 0.268 0.261 0.371 0.262 0.292 0.256 0.268 0.267 0.354 0.268 

CD test 0.437 0.040 0.956 0.416 0.293 0.745 0.319 0.042 0.908 0.469 0.289 0.732 0.275 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in 
system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence of the first and second-
order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test 
for stationarity test. The p-values for CD and ADF tests are reported.  The CD test suggests that residual from all the models 
are cross-sectional independent. The ADF test also suggest that the residual from all the models are stationary, indicating a 
good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 

 

 



27 
 

Focusing on high-income countries (See Appendix Table A.3), the results reveal that 

the interaction term of FDI and economic growth exerts a statistically significant negative 

effect on carbon emissions at 5%. Additionally, the interaction term of credit to private sector 

by financial sector and economic growth exerts a statistically significant negative effect on 

carbon emissions at 10%. Thus, FDI and credit to private sector by financial sector moderates 

economic growth to improve the quality of the environment by reducing carbon emissions in 

high-income countries. Additionally, FDI and liquid liabilities moderate energy consumption 

to exert a significant negative effect on carbon emissions at 10% and 1% respectively. 

Contrarily, broad money, domestic credit to private sector by banks, domestic credit to private 

sector by financial sector and domestic credit to the private sector respectively moderate energy 

consumption to increase carbon emissions at 5%.  Thus, financial institutions in high-income 

countries provide capital to firms and consumers that consume much energy, thereby 

contributing to the increase in carbon emissions. 

 

4.1.2 Regional analysis 

A recent study has documented that there is variation in the extent or the level of 

financial development among the regions within sub-Saharan Africa (see Allen et al., 2011). 

This sub-section, therefore, examines the regional effect of financial development on carbon 

emissions. The findings from this sub-section will have important policy implications for the 

regional blocs in their attempt to mitigate carbon emissions and hence climate change. The 

estimates for West Africa, Southern Africa and Central-Eastern Africa region are presented in 

Table 8, 9 and 10 presents respectively. The estimated coefficient on the lagged of carbon 

emissions is positive and statistically significant for all the regions. For all the regions, 

economic growth exerts a significant positive effect on carbon in some of the specifications 

while its squared term has an insignificant negative effect on carbon emissions. These evidence 

negates the existence of the EKC hypothesis across the regions and confirms the findings of 

Acheampong et al. (2019), Adu and Denkyirah (2018), which reveal that the EKC hypothesis 

is not valid in West Africa, Central and Eastern Africa countries. Similarly, across the three 

regions, population size significantly contributes to the increase in carbon emissions. The 

results also indicate that energy consumption is a major contributor to carbon emissions in the 

three regions but the impact is more pronounced in West Africa and Central-Eastern Africa 

countries. Additionally, the findings reveal that urbanisation contributes significantly to the 

increase in carbon emissions. For Central and Eastern Africa, trade openness exerts a 

significant negative effect on carbon emissions only in model 12 at 10% while in West Africa, 
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the impact of trade openness on carbon emissions is negative but negligible. Contrarily, trade 

openness exerts a significant positive effect on carbon emissions in all the specifications at 1%.  

For both West Africa and Southern Africa countries, FDI exerts an insignificant 

negative effect on carbon emissions. However, for Central-Eastern Africa countries, the results 

show that FDI exert a statistically significant positive effect on carbon emissions at 10% and 

this confirms the pollution-haven hypothesis in Central-Eastern Africa countries. Regarding 

the financial development indicators, liquid liabilities, broad money, credit to private sector by 

bank and domestic credit to the private sector exert a statistically significant positive effect on 

carbon emissions at 10%. Also, for Southern Africa countries, financial development measured 

using liquid liabilities exerts a statistically significant negative effect on carbon emissions at 

1% while credit to private sector by bank and credit to private sector by financial sector exert 

a statistically significant positive effect on carbon emissions at 5% and 1% respectively. 

Contrarily, for Central-Eastern Africa countries, the results show that broad money is the only 

financial development indicator that exerts a statistically significant positive effect on carbon 

emissions at 10%. These results imply that policymakers in West Africa and should pay 

attention to the financial system in their attempt to address carbon emissions.  

The results indicate that for West Africa countries, the squared term of FDI and liquid 

liabilities, which is the only domestic financial development indicator, have a statistically 

significant negative effect on carbon emissions at 5% or better. Thus, FDI and liquid liabilities 

have an inverted U-shaped relationship with carbon emissions, which support the EKC 

hypothesis between FDI, liquid liabilities and carbon emissions in West Africa countries. For 

Central-Eastern Africa countries, FDI exerts an insignificant curvilinear effect on carbon 

emissions while the squared term of broad money, credit to private sector by bank and domestic 

credit to the private sector have a significant negative effect on carbon emissions at 1% and 

10% respectively. This result also supports the EKC hypothesis between financial development 

indicators and carbon emissions. Contrarily, for Southern Africa countries, none of the proxies 

of financial development and FDI exerts an insignificant non-linear effect on carbon emissions. 
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Table 8: Results for West Africa countries  
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 Model 13 

L.lnco2kt 0.896*** 0.915*** 0.902*** 0.859*** 0.844*** 0.881*** 0.840*** 0.909*** 0.898*** 0.866*** 0.844*** 0.880*** 0.845*** 

 (0.027) (0.032) (0.025) (0.045) (0.054) (0.036) (0.056) (0.033) (0.022) (0.046) (0.067) (0.039) (0.067) 

lnrgdpg2 0.002 -0.000 -0.000 -0.000 -0.001 0.000 -0.001 0.001 0.000 0.001 -0.001 0.000 -0.001 

 (0.005) (0.005) (0.005) (0.004) (0.004) (0.005) (0.004) (0.005) (0.005) (0.005) (0.004) (0.005) (0.004) 

rgdpg 0.006* 0.006* 0.006* 0.006** 0.007** 0.006* 0.006** 0.006* 0.006 0.006** 0.007** 0.006** 0.007** 

 (0.004) (0.004) (0.003) (0.003) (0.003) (0.003) (0.003) (0.004) (0.004) (0.003) (0.003) (0.003) (0.003) 

lnpop 0.078*** 0.058* 0.071*** 0.130** 0.134** 0.092** 0.138** 0.057* 0.073*** 0.115** 0.134* 0.094** 0.133* 

 (0.027) (0.030) (0.026) (0.052) (0.054) (0.036) (0.056) (0.031) (0.024) (0.055) (0.070) (0.041) (0.070) 

lnenpc 0.073** 0.069*** 0.091*** 0.071** 0.064** 0.080** 0.065** 0.073*** 0.082*** 0.073*** 0.064** 0.080** 0.063** 

 (0.031) (0.026) (0.031) (0.029) (0.027) (0.034) (0.027) (0.024) (0.028) (0.027) (0.029) (0.034) (0.029) 

lntra -0.033 -0.024 -0.015 -0.097 -0.089 -0.069 -0.092 -0.045 -0.030 -0.103 -0.089 -0.069 -0.092 

 (0.053) (0.040) (0.061) (0.077) (0.073) (0.078) (0.075) (0.044) (0.057) (0.069) (0.074) (0.080) (0.073) 

lnturpop 0.111** 0.150 0.083 0.119* 0.187* 0.115* 0.190* 0.181 0.109** 0.092 0.187* 0.116* 0.185* 

 (0.051) (0.109) (0.054) (0.064) (0.096) (0.059) (0.098) (0.121) (0.053) (0.073) (0.108) (0.061) (0.108) 

lnfdi  -0.021      0.017      

  (0.020)      (0.023)      

lnliqbas   0.040*      0.259***     

   (0.024)      (0.069)     

lnm2gdp    0.119*      0.462*    

    (0.065)      (0.279)    

lndcpb     0.064*      0.064   

     (0.036)      (0.049)   

lndcpf      0.031      0.010  

      (0.031)      (0.079)  

lndcp       0.070*      0.089 

       (0.039)      (0.063) 

lnfdi2        -0.020**      

        (0.009)      

lnliqbas2         -0.042***     

         (0.012)     

lnm2gdp2          -0.052    

          (0.043)    

lndcpb2           0.000   

           (0.016)   

lndcpf2            0.004  

            (0.017)  

lndcp2             -0.005 

             (0.018) 

Constant -1.061*** -1.025* -1.178*** -1.739** -1.694*** -1.147*** -1.747*** -1.015* -1.443*** -1.998*** -1.696** -1.146*** -1.686** 

 (0.386) (0.557) (0.410) (0.683) (0.651) (0.418) (0.677) (0.588) (0.357) (0.675) (0.834) (0.418) (0.823) 

Observations 110 91 110 110 110 110 110 91 110 110 110 110 110 

Sargan 103.292 75.821 102.897 101.797 102.800 104.011 102.870 76.476 100.745 100.095 102.807 104.031 102.557 

P(Sargan) 0.446 0.671 0.429 0.459 0.431 0.399 0.430 0.622 0.460 0.479 0.404 0.371 0.410 

AR(1) 0.015 0.028 0.017 0.017 0.015 0.015 0.016 0.028 0.016 0.016 0.016 0.015 0.016 

AR(2) 0.119 0.342 0.358 0.104 0.108 0.128 0.107 0.695 0.673 0.104 0.107 0.118 0.110 

CD test 0.653 0.583 0.253 0.272 0.323 0.364 0.314 0.775 0.422 0.319 0.323 0.364 0.318 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the 
restrictions in system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence 
of the first and second-order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF 
is the Augmented Dickey-Fuller test for stationarity test. The p-values for CD and ADF tests are reported. The 
CD test suggests that residual from all the models are cross-sectional independent. The ADF test also suggest that 
the residual from all the models are stationary, indicating a good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 
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Focusing on the interaction effect of financial development, the result reveals that for 

West Africa countries (See Appendix Table A.4), the interaction term of FDI and economic 

growth does not exert a significant impact on carbon emissions. The results further show that 

credit to private sector by bank, liquid liabilities and domestic credit to the private sector 

respectively moderate economic growth to exert a significant negative effect on carbon 

emissions at 1% 10% and 1% respectively. Additionally, the interaction term for FDI and 

energy consumption does not exert a significant impact on carbon emissions. Liquid liabilities 

moderates energy consumption to exert a statistically significant positive effect on carbon 

emissions at 1%. Contrarily, financial development measured using broad money and credit to 

private sector by financial sector moderates energy consumption to decrease carbon emissions 

at 5% and 1% respectively. The implications are that for West Africa countries, financial 

development could indirectly reduce carbon emissions by moderating economic growth. The 

possible explanation could be that West Africa financial institutions are providing funding for 

investment in the sectors of the economy, which promote environmental sustainability. As 

financial development could reduce carbon emissions through growth, it could equally increase 

carbon emissions by fueling the consumption of energy. 

In Southern Africa countries (See Appendix Table A.5), the findings indicate that the 

interaction term of FDI and energy consumption does not exert a significant impact on carbon 

emissions. Among the financial development indicators, only liquid liabilities moderates 

economic growth to exert a significant positive effect on carbon emissions at 10%. 

Additionally, the interaction term for FDI and energy consumption does not have a significant 

impact on carbon emissions. Broad money, credit to private sector by bank and domestic credit 

to the private sector moderate energy consumption to exert a significant positive effect on 

carbon emissions at 10% and 1% respectively. This suggests that for Southern Africa countries, 

financial institutions provide capital to firms and consumers that consume much energy, 

thereby contributing to the increase in carbon emissions region. 

Finally, in Central-Eastern Africa countries (See Appendix Table A.6), FDI and liquid 

liabilities moderate economic growth to exert a significant negative effect on carbon emissions 

at 1%. Contrarily, broad money, credit to private sector by bank and domestic credit to the 

private sector complement economic growth to increase carbon emissions. Also, FDI and liquid 

liabilities moderate energy consumption to exert a significant negative effect on carbon 

emissions at 5% and 1% respectively while the interaction terms of the remaining financial 

development indicators and energy consumption exert an insignificant effect on carbon 
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emissions. The implications are that FDI and liquid liabilities indirectly reduce carbon 

emissions in Central and Eastern Africa by complementing economic growth. 

 
Table 9: Results for Southern Africa countries  
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 Model 13 

L.lnco2kt 0.948*** 0.942*** 0.937*** 0.948*** 0.942*** 0.941*** 0.935*** 0.942*** 0.937*** 0.948*** 0.940*** 0.934*** 0.927*** 

 (0.010) (0.012) (0.010) (0.009) (0.009) (0.013) (0.009) (0.014) (0.010) (0.009) (0.011) (0.016) (0.013) 

lnrgdpg2 -0.013 -0.016 -0.008 -0.007 -0.006 -0.006 -0.006 -0.016 -0.008 -0.007 -0.006 -0.006 -0.006 

 (0.011) (0.011) (0.017) (0.011) (0.011) (0.011) (0.011) (0.011) (0.017) (0.011) (0.011) (0.011) (0.010) 

rgdpg 0.005*** 0.005*** 0.003 0.004 0.003 0.001 0.003 0.005** 0.003 0.004 0.003 0.001 0.003 

 (0.002) (0.002) (0.005) (0.002) (0.002) (0.002) (0.002) (0.002) (0.005) (0.002) (0.002) (0.002) (0.002) 

lnpop 0.067*** 0.080*** 0.078*** 0.070*** 0.075*** 0.074*** 0.081*** 0.080*** 0.078*** 0.070*** 0.077*** 0.081*** 0.085*** 

 (0.010) (0.011) (0.011) (0.011) (0.010) (0.014) (0.010) (0.012) (0.011) (0.011) (0.011) (0.018) (0.011) 

lnenpc 0.027* 0.022 0.005 0.017 0.011 0.014 0.007 0.022 0.005 0.017 0.010 0.006 0.005 

 (0.014) (0.016) (0.016) (0.014) (0.015) (0.031) (0.015) (0.016) (0.016) (0.016) (0.016) (0.036) (0.016) 

lntra 0.165*** 0.219*** 0.171*** 0.158*** 0.169*** 0.182*** 0.183*** 0.219*** 0.172*** 0.158*** 0.172*** 0.198*** 0.200*** 

 (0.043) (0.045) (0.041) (0.036) (0.037) (0.051) (0.037) (0.041) (0.040) (0.035) (0.037) (0.057) (0.038) 

lnturpop 0.127*** 0.163*** 0.213*** 0.120*** 0.149*** 0.189** 0.163*** 0.163*** 0.213*** 0.121** 0.160*** 0.202** 0.187*** 

 (0.032) (0.034) (0.066) (0.037) (0.039) (0.079) (0.041) (0.034) (0.066) (0.051) (0.047) (0.092) (0.055) 

lnfdi  -0.010      -0.010      

  (0.015)      (0.018)      

lnliqbas   -0.024***      -0.025     

   (0.007)      (0.027)     

lnm2gdp    0.025      0.016    

    (0.021)      (0.217)    

lndcpb     0.026**      -0.031   

     (0.013)      (0.070)   

lndcpf      0.010      -0.017  

      (0.013)      (0.032)  

lndcp       0.032***      -0.050 

       (0.012)      (0.056) 

lnfdi2        0.000      

        (0.007)      

lnliqbas2         0.000     

         (0.005)     

lnm2gdp2          0.001    

          (0.029)    

lndcpb2           0.009   

           (0.011)   

lndcpf2            0.006  

            (0.007)  

lndcp2             0.013 

             (0.009) 

Constant -1.916*** -2.388*** -2.141*** -1.937*** -2.076*** -2.219*** -2.219*** -2.383*** -2.143*** -1.925*** -2.051*** -2.319*** -2.248*** 

 (0.327) (0.339) (0.423) (0.364) (0.360) (0.473) (0.355) (0.320) (0.412) (0.494) (0.388) (0.520) (0.374) 

Observations 123 114 110 115 115 104 115 114 110 115 115 104 115 

Sargan 95.907 92.492 84.172 88.804 88.486 81.590 88.309 92.378 84.168 88.813 88.609 81.528 88.400 

P(Sargan) 0.902 0.803 0.887 0.886 0.891 0.835 0.893 0.786 0.872 0.872 0.875 0.817 0.878 

AR(1) 0.095 0.051 0.122 0.124 0.124 0.126 0.124 0.047 0.121 0.124 0.124 0.126 0.123 

AR(2) 0.391 0.560 0.217 0.229 0.229 0.272 0.229 0.561 0.217 0.229 0.230 0.270 0.230 

CD test 0.907 0.623 0.664 0.384 0.443 0.845 0.475 0.626 0.666 0.385 0.368 0.841 0.413 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

j 123.000 114.000 110.000 115.000 115.000 104.000 115.000 114.000 110.000 115.000 115.000 104.000 115.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in system-GMM 
estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence of the first and second-order autocorrelation in first 
differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test for stationarity test. The p-values for CD 
and ADF tests are reported. The CD test suggests that residual from all the models are cross-sectional independent. The ADF test also suggest 
that the residual from all the models are stationary, indicating a good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 
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Table 10: Results for Eastern and Central Africa countries  
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 Model 13 

L.lnco2kt 0.946*** 0.949*** 0.940*** 0.931*** 0.933*** 0.933*** 0.933*** 0.949*** 0.939*** 0.904*** 0.930*** 0.930*** 0.930*** 

 (0.021) (0.020) (0.019) (0.019) (0.024) (0.018) (0.024) (0.020) (0.019) (0.017) (0.022) (0.017) (0.021) 

lnrgdpg2 0.002 -0.001 -0.001 0.001 0.002 0.000 0.002 -0.001 -0.001 -0.000 -0.000 -0.001 -0.000 

 (0.006) (0.005) (0.005) (0.005) (0.005) (0.004) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 

rgdpg 0.005 0.004 0.003 0.007 0.006 0.012** 0.006 0.004 0.004 0.007* 0.005 0.012** 0.005 

 (0.004) (0.004) (0.004) (0.004) (0.005) (0.005) (0.005) (0.004) (0.005) (0.004) (0.005) (0.005) (0.005) 

lnpop 0.059*** 0.059*** 0.083*** 0.080*** 0.065*** 0.063*** 0.065*** 0.059*** 0.083*** 0.069*** 0.066*** 0.054*** 0.066*** 

 (0.015) (0.014) (0.025) (0.017) (0.014) (0.015) (0.014) (0.013) (0.025) (0.019) (0.016) (0.019) (0.016) 

lnenpc 0.050** 0.041** 0.078** 0.071** 0.055** 0.081*** 0.054** 0.041** 0.078** 0.078*** 0.064*** 0.078*** 0.063*** 

 (0.020) (0.019) (0.033) (0.027) (0.023) (0.024) (0.023) (0.020) (0.034) (0.029) (0.021) (0.025) (0.021) 

lntra 0.003 0.008 0.012 -0.001 -0.004 -0.019 -0.004 0.008 0.013 -0.022 0.001 -0.021* 0.002 

 (0.022) (0.016) (0.022) (0.023) (0.023) (0.014) (0.023) (0.022) (0.021) (0.022) (0.024) (0.012) (0.024) 

lnturpop 0.045*** 0.041*** 0.033* 0.101*** 0.069*** 0.038 0.070*** 0.042*** 0.032 0.045 0.033 0.007 0.033 

 (0.016) (0.013) (0.018) (0.036) (0.022) (0.025) (0.023) (0.014) (0.020) (0.046) (0.028) (0.051) (0.030) 

lnfdi  0.010*      0.010      

  (0.006)      (0.007)      

lnliqbas   0.049      0.067     

   (0.033)      (0.131)     

lnm2gdp    0.044*      0.241***    

    (0.023)      (0.050)    

lndcpb     0.019      0.077***   

     (0.017)      (0.028)   

lndcpf      0.014      0.032**  

      (0.010)      (0.016)  

lndcp       0.019      0.080*** 

       (0.018)      (0.029) 

lnfdi2        -0.000      

        (0.004)      

lnliqbas2         -0.003     

         (0.021)     

lnm2gdp2          -0.034***    

          (0.010)    

lndcpb2           -0.019*   

           (0.010)   

lndcpf2            -0.006  

            (0.007)  

lndcp2             -0.019* 

             (0.010) 

Constant -0.965*** -0.939*** -1.627*** -1.632*** -1.092*** -1.044*** -1.096*** -0.942*** -1.647*** -1.259** -1.051*** -0.737 -1.048*** 

 (0.240) (0.186) (0.610) (0.488) (0.278) (0.296) (0.281) (0.175) (0.610) (0.564) (0.321) (0.532) (0.321) 

Observations 117 112 113 113 113 101 113 112 113 113 113 101 113 

Sargan 115.300 96.483 111.024 110.677 113.022 92.835 112.942 96.506 111.114 111.807 112.300 92.165 112.395 

P(Sargan) 0.321 0.662 0.301 0.309 0.256 0.456 0.258 0.635 0.275 0.260 0.250 0.446 0.248 

AR(1) 0.020 0.025 0.020 0.018 0.019 0.016 0.019 0.025 0.020 0.018 0.019 0.016 0.019 

AR(2) 0.354 0.307 0.365 0.384 0.375 0.240 0.375 0.306 0.362 0.379 0.372 0.257 0.372 

CD test 0.586 0.559 0.200 0.223 0.349 0.266 0.321 0.560 0.194 0.346 0.643 0.381 0.681 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in 
system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence of the first and second-
order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test 
for stationarity test. The p-values for CD and ADF tests are reported. The CD test suggests that residual from all the models 
are cross-sectional independent. The ADF test also suggest that the residual from all the models are stationary, indicating a 
good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 
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5. Conclusions and policy implications 

The need to formulate policies to mitigate global warming has necessitated the need to 

understand the drivers of carbon emissions. The current research applies the system-

generalised method of moments (GMM) to investigate the direct and indirect effect of financial 

development on carbon emissions for 46 sub-Saharan Africa countries over the period 2000-

2015 while controlling for the impact of economic growth, population size, energy 

consumption, urbanisation and trade openness. To advance knowledge about the impact of 

financial development on carbon emissions, six financial development variables (five domestic 

banking variables and one international capital flow variable) were used to investigate the 

effect of financial development on carbon emissions. Further sensitivity analyses were 

conducted by accounting for income and regional heterogeneities among the countries used for 

the study. The results that emerged from this study are presented as follows:  

 First, the results revealed that financial development measured using broad money, 

domestic credit to the private sector and domestic credit to private sector by banks increase 

carbon emissions while FDI, liquid liabilities and domestic credit to private sector by financial 

sector have no significant effect on carbon emissions in Sub-Saharan. Additionally, none of 

the financial development indicators and FDI has a significant curvilinear effect on carbon 

emissions. The implication is that financial development measured using broad money, 

domestic credit to the private sector and domestic credit to private sector by banks impedes the 

environmental quality. Although not all the measure of financial development affect 

environmental quality, it is evident that financial development degrades the quality of the 

environment. This study argues that the degrading effect of financial development could reflect 

the inability of sub-Saharan African financial institutions to entice industries to adopt 

environmentally friendly technologies, regulate industries or firms to invest in environmental 

sustainability projects and finance projects at a lower cost, which prevents investment in 

environmental sustainability projects resulting in the pollution of the environment.  

Second, the results further showed that financial development moderates economic 

growth and energy consumption to influence carbon emissions. It was found that FDI 

moderates economic growth to reduce carbon emissions. Thus, FDI enables the transfer and 

allocation of green technologies towards economic sectors that are environmentally friendly 

thereby reducing carbon emissions. Contrarily, broad money, domestic credit to private sector 

by banks and domestic credit to private sector complement economic growth to degrade the 

quality of the environment by increasing carbon emissions. Thus, broad money, domestic credit 
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to private sector by banks, domestic credit to private sector by financial sector and domestic 

credit to private sector complements energy consumption to increase carbon emissions. 

Furthermore, FDI does not moderate energy consumption to impact on carbon emissions. 

However, domestic financial development indicators such as broad money, domestic credit to 

private sector by banks, domestic credit to private sector by financial sector and domestic credit 

to private sector complement energy consumption to have a significant positive effect on 

carbon emissions. The implication is that financial development provides access to credit for 

household/consumers to patronise big-ticket items and make business/firms to expand their 

business, which increases the demand for energy consumption (Sadorsky, 2010, 2011), thereby 

increasing carbon emissions. Similarly, the significant moderating effect of financial 

development and energy consumption on carbon emissions suggest that sub-Saharan African 

financial sector inefficiently allocate resources (capital) to firms and other economic sectors 

that depend or consume much of non-renewable energy, thereby contributing to the increase in 

carbon emissions. The implications are that domestic financial development does not only 

increase carbon emissions directly but also increase carbon emissions indirectly by fueling 

economic growth and energy consumption.  

Third, the empirical results showed that the direct and indirect effect of financial 

development on carbon emissions differs across income groups. For instance, FDI and 

domestic financial development measures have no linear impact on carbon emissions in low-

income countries. However, liquid liabilities, broad money and credit to private sector by 

financial sector have an inverted U-shaped relationship with carbon emissions. The implication 

is that although these financial development indicators have no linear effect on carbon 

emissions but exert a significant nonlinear effect on carbon emissions. Thus, an increase in 

financial development increase carbon emissions but carbon emissions reduce after a certain 

threshold of these financial development indicators. Indirectly, broad money and credit to 

private sector by financial sector moderate economic growth while liquid liabilities also 

complement energy consumption to increase carbon emissions in the low-income countries. 

This evidence suggests that it is not always that financial development will have a direct effect 

on carbon emissions in low-income countries, but the impact can also be indirect. For high-

income countries, FDI improves environmental quality by reducing carbon emissions. 

However, the domestic financial indicators such as broad money, credit to private sector by 

bank and domestic credit to the private sector increase carbon emissions. Additionally, liquid 

liabilities has an inverted U-shaped relationship with carbon emissions. The results further 

indicated that FDI and credit to private sector by financial moderate economic growth to reduce 
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carbon emissions. Additionally, FDI and liquid liabilities moderate energy consumption to 

reduce carbon emissions. Contrarily, broad money, domestic credit to private sector by banks, 

domestic credit to private sector by financial sector and domestic credit to the private sector 

respectively complement energy consumption to increase energy consumption.  

Fourth, the empirical results showed that the effect of financial development also differs 

across regions. For West Africa countries, liquid liabilities, broad money, credit to private 

sector by bank and domestic credit to the private sector increase carbon emissions. 

Additionally, FDI and liquid liabilities have an inverted U-shaped relationship with carbon 

emissions. Indirectly, credit to private sector by bank, liquid liabilities and domestic credit to 

the private sector moderates economic growth to reduce carbon emissions. On the other hand, 

liquid liabilities moderates energy consumption to increase carbon emissions while broad 

money and credit to private sector by financial sector moderates energy consumption to reduce 

carbon emissions. For Southern Africa countries, liquid liabilities improve environmental 

quality while credit to private sector by bank and credit to private sector by financial sector 

impedes the quality of the environment. Additionally, liquid liabilities moderates economic 

growth to increase carbon emissions while broad money, credit to private sector by bank and 

domestic credit to the private sector moderate energy consumption to impede the quality of the 

environment.  For Central and Eastern Africa countries, FDI and broad money increase carbon 

emissions. However, broad money, credit to private sector by bank and domestic credit to the 

private sector have an inverted U-shaped relationship with carbon emissions. Indirectly, FDI 

and liquid liabilities moderate economic growth to reduce carbon emissions while broad 

money, credit to private sector by bank and domestic credit to the private sector complement 

economic growth to increase carbon emissions. Additionally, FDI and liquid liabilities 

moderate energy consumption to improve the quality of the environment.  

Finally, this study does not only contribute to knowledge but also have important policy 

implications and present some lessons for future researchers. These findings imply that 

omitting financial development from carbon emissions models will result in the 

underestimation of actual carbon emissions and this will further render carbon emissions 

mitigation strategies unsustainable. This study recommends that while financial development 

impedes the quality of the environment, financial institutions should encourage industries or 

firms to invest in environmentally friendly projects and provide credit at lower costs to 

industries or firms that are committed to investing in environmental sustainability projects. 

Additionally, future environmental policies should make it mandatory for firms/industries to 

disclose their environmental performance. Environmental policymakers could also use other 
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policy instruments such as emissions trading or cap and carbon emissions tax to mitigate carbon 

emissions. While some of the financial development indicators moderates economic growth to 

increase carbon emissions, policymakers should urge investment in economic sectors that are 

environmentally friendly. Additionally, while FDI directly or indirectly (moderating economic 

growth and energy consumption) improves environmental quality, future policies should be 

implemented to remove barriers that hinder FDI inflows. The policy implications are not only 

applicable to sub-Saharan African countries but also extend to other developing regions. The 

message for future researchers is that they should be cautious when concluding the effect of 

financial development on carbon emissions since different indicators of financial development 

could have a different impact (positive, negative or insignificant) on carbon emissions. 

Additionally, the direct and indirect effect of the financial development measures on emissions 

is sensitivity to the level of economic development and the structural variations among regions. 

Further studies could extend this study by investigating the institutional context through which 

financial development and foreign direct investment impact on environmental quality in 

developing countries.   
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APPENDIX 

Table A.1: Countries included in the study 
Countries Codes 
Angola AGO 
Benin BEN 
Botswana BWA 
Burkina Faso BFA 
Burundi BDI 
Cabo Verde CPV 
Cameroon CMR 
Central African Republic CAF 
Chad TCD 
Comoros COM 
Congo, Dem. Rep. COD 
Congo, Rep. COG 
Cote d'Ivoire CIV 
Equatorial Guinea GNQ 
Eritrea ERI 
Ethiopia ETH 
Gabon GAB 
Gambia, The GMB 
Ghana GHA 
Guinea GIN 
Guinea-Bissau GNB 
Kenya KEN 
Lesotho LSO 
Liberia LBR 
Madagascar MDG 
Malawi MWI 
Mali MLI 
Mauritania MRT 
Mauritius MUS 
Mozambique MOZ 
Namibia NAM 
Niger NER 
Nigeria NGA 
Rwanda RWA 
Sao Tome and Principe STP 
Senegal SEN 
Seychelles SYC 
Sierra Leone SLE 
South Africa ZAF 
Sudan SDN 
Swaziland (Eswatini) SWZ 
Tanzania TZA 
Togo TGO 
Uganda UGA 
Zambia ZMB 
Zimbabwe ZWE 
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Table A.2: Interaction Finance and carbon emissions (Lower-income countries) 
Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 

L.lnco2kt 0.953*** 0.957*** 0.950*** 0.951*** 0.958*** 0.951*** 0.954*** 0.956*** 0.948*** 0.952*** 0.954*** 0.952*** 

 (0.010) (0.008) (0.009) (0.011) (0.011) (0.011) (0.010) (0.008) (0.009) (0.011) (0.011) (0.012) 

lnrgdpg2 -0.001 0.001 0.002 0.002 0.003 0.002 -0.001 0.000 0.001 0.001 0.001 0.001 

 (0.004) (0.004) (0.003) (0.004) (0.004) (0.004) (0.004) (0.005) (0.003) (0.003) (0.004) (0.003) 

rgdpg 0.007*** 0.004 -0.008 0.003 -0.001 0.003 0.006*** 0.006* 0.007*** 0.006*** 0.006** 0.006*** 

 (0.002) (0.016) (0.009) (0.005) (0.004) (0.005) (0.002) (0.003) (0.002) (0.002) (0.003) (0.002) 

lnpop 0.047*** 0.044*** 0.053*** 0.048*** 0.042*** 0.048*** 0.047*** 0.041*** 0.053*** 0.047*** 0.045*** 0.048*** 

 (0.010) (0.011) (0.012) (0.012) (0.013) (0.013) (0.010) (0.011) (0.012) (0.013) (0.013) (0.013) 

lnenpc 0.020 0.023 0.020 0.019 0.024 0.019 0.013 -0.038 -0.056 0.034 0.015 0.037 

 (0.015) (0.018) (0.016) (0.017) (0.022) (0.017) (0.017) (0.023) (0.086) (0.041) (0.045) (0.044) 

lntra 0.041* 0.042* 0.039 0.037 0.034 0.038 0.042* 0.034 0.037 0.037 0.031 0.037 

 (0.023) (0.024) (0.024) (0.025) (0.027) (0.025) (0.022) (0.026) (0.025) (0.024) (0.028) (0.024) 

lnturpop 0.034** 0.028 0.043** 0.043** 0.023 0.044** 0.035** 0.028 0.052*** 0.044** 0.032* 0.044** 

 (0.017) (0.017) (0.017) (0.020) (0.020) (0.020) (0.016) (0.018) (0.019) (0.019) (0.018) (0.020) 

lnfdi×rgdpg -0.001            

 (0.001)            

lnfdi 0.006      -0.031      

 (0.008)      (0.044)      

lnliqbas×rgdpg  0.001           

  (0.005)           

lnliqbas  0.011      -0.111     

  (0.017)      (0.070)     

lnm2gdp×rgdpg   0.004*          

   (0.003)          

lnm2gdp   0.016      -0.107    

   (0.016)      (0.145)    

lndcpb×rgdpg    0.001         

    (0.002)         

lndcpb    0.009      0.052   

    (0.013)      (0.088)   

lndcpf×rgdpg     0.002*        

     (0.001)        

lndcpf     -0.003      -0.012  

     (0.012)      (0.084)  

lndcp×rgdpg      0.001       

      (0.002)       

lndcp      0.010      0.060 

      (0.013)      (0.095) 

lnfdi×lnenpc       0.006      

       (0.008)      

lnliqbas×lnenpc        0.022*     

        (0.012)     

lnm2gdp×lnenpc         0.023    

         (0.026)    

lndcpb×lnenpc          -0.007   

          (0.016)   

lndcpf×lnenpc           0.003  

           (0.015)  

lndcp×lnenpc            -0.009 

            (0.017) 

Constant -0.756*** -0.765*** -0.899*** -0.785*** -0.657*** -0.794*** -0.740*** -0.325 -0.505 -0.870*** -0.670*** -0.899*** 

 (0.177) (0.202) (0.222) (0.207) (0.213) (0.214) (0.182) (0.343) (0.471) (0.236) (0.236) (0.254) 

Observations 241 255 260 260 249 260 241 255 260 260 249 260 

Sargan 203.486 222.118 228.093 228.908 216.374 228.234 203.215 221.394 226.438 227.773 215.322 227.091 

P(Sargan) 0.845 0.633 0.597 0.582 0.612 0.594 0.849 0.646 0.626 0.602 0.632 0.615 

AR(1) 0.001 0.010 0.010 0.010 0.005 0.010 0.001 0.010 0.011 0.011 0.006 0.011 

AR(2) 0.957 0.440 0.551 0.486 0.680 0.485 0.997 0.409 0.476 0.470 0.559 0.469 

CD test 0.564 0.383 0.342 0.431 0.522 0.414 0.640 0.395 0.271 0.516 0.537 0.512 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence 
of the first and second-order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test for stationarity test. The p-values for CD and ADF tests are reported. The 
CD test suggests that residual from all the models are cross-sectional independent. The ADF test also suggest that the residual from all the models are stationary, indicating a good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 
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Table A.3: Interaction Finance and carbon emissions (Higher-income countries) 
Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 

L.lnco2kt 0.826*** 0.839*** 0.832*** 0.844*** 0.860*** 0.841*** 0.786*** 0.681*** 0.806*** 0.751*** 0.757*** 0.755*** 

 (0.057) (0.056) (0.072) (0.065) (0.066) (0.064) (0.052) (0.111) (0.055) (0.076) (0.072) (0.071) 

lnrgdpg2 -0.016*** -0.017*** -0.020*** -0.019*** -0.010 -0.019*** -0.017*** -0.020*** -0.018*** -0.019*** -0.014** -0.018*** 

 (0.004) (0.006) (0.005) (0.005) (0.007) (0.005) (0.005) (0.005) (0.004) (0.004) (0.006) (0.004) 

rgdpg 0.011** 0.001 0.001 -0.001 0.029** -0.001 0.003 0.005* 0.003 0.002 0.002 0.003 

 (0.005) (0.009) (0.015) (0.007) (0.012) (0.006) (0.003) (0.003) (0.003) (0.003) (0.005) (0.003) 

lnpop 0.203*** 0.188*** 0.194** 0.183*** 0.163** 0.183*** 0.247*** 0.321*** 0.219*** 0.257*** 0.264*** 0.246*** 

 (0.065) (0.066) (0.077) (0.067) (0.075) (0.067) (0.059) (0.115) (0.067) (0.086) (0.080) (0.081) 

lnenpc 0.251** 0.218** 0.226** 0.218** 0.203* 0.216** 0.346*** 0.740*** -0.077 -0.099 -0.041 -0.057 

 (0.100) (0.091) (0.112) (0.107) (0.116) (0.103) (0.099) (0.266) (0.181) (0.110) (0.075) (0.113) 

lntra 0.199*** 0.140* 0.130 0.158* 0.150* 0.160* 0.210*** 0.121 0.146* 0.141 0.197* 0.143 

 (0.060) (0.074) (0.103) (0.091) (0.082) (0.088) (0.062) (0.075) (0.086) (0.089) (0.105) (0.091) 

lnturpop -0.186** -0.151** -0.139** -0.129** -0.148* -0.126** -0.248*** -0.307** -0.141** -0.227*** -0.034 -0.199*** 

 (0.093) (0.059) (0.061) (0.066) (0.086) (0.064) (0.077) (0.126) (0.069) (0.077) (0.051) (0.075) 

lnfdi×rgdpg -0.006*            

 (0.003)            

lnfdi -0.018**      0.176*      

 (0.009)      (0.106)      

lnliqbas×rgdpg  0.000           

  (0.002)           

lnliqbas  -0.008      0.931***     

  (0.013)      (0.314)     

lnm2gdp×rgdpg   0.001          

   (0.005)          

lnm2gdp   0.026      -0.601**    

   (0.035)      (0.271)    

lndcpb×rgdpg    0.002         

    (0.003)         

lndcpb    0.014      -0.921***   

    (0.023)      (0.288)   

lndcpf×rgdpg     -0.008*        

     (0.004)        

lndcpf     0.020      -0.544***  

     (0.015)      (0.178)  

lndcp×rgdpg      0.002       

      (0.003)       

lndcp      0.014      -0.770*** 

      (0.020)      (0.259) 

lnfdi×lnenpc       -0.028*      

       (0.015)      

lnliqbas×lnenpc        -0.132***     

        (0.044)     

lnm2gdp×lnenpc         0.086**    

         (0.036)    

lndcpb×lnenpc          0.129***   

          (0.040)   

lndcpf×lnenpc           0.079***  

           (0.025)  

lndcp×lnenpc            0.108*** 

            (0.035) 

Constant -3.342*** -2.874** -3.060** -3.072** -2.730** -3.066** -4.104*** -6.416*** -1.044 -0.553 -2.244* -0.858 

 (1.186) (1.280) (1.476) (1.305) (1.357) (1.297) (1.229) (2.409) (1.675) (1.157) (1.252) (1.221) 

Observations 76 78 78 78 66 78 76 78 78 78 66 78 

Sargan 68.235 69.636 67.825 67.284 55.703 67.169 68.919 68.719 67.778 69.056 58.149 69.279 

P(Sargan) 0.401 0.422 0.483 0.502 0.486 0.506 0.379 0.453 0.485 0.441 0.396 0.434 

AR(1) 0.179 0.160 0.172 0.172 0.234 0.171 0.165 0.139 0.165 0.165 0.230 0.165 

AR(2) 0.261 0.259 0.267 0.255 0.354 0.258 0.282 0.217 0.288 0.278 0.422 0.275 

CD test 0.105 0.925 0.445 0.420 0.508 0.435 0.059 0.112 0.178 0.000 0.042 0.000 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence 
of the first and second-order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test for stationarity test. The p-values for CD and ADF tests are reported. The 
CD test suggests that residual from all the models are cross-sectional independent except model 10-12. The ADF test also suggest that the residual from all the models are stationary, indicating a good model fitness * p < 0.10, 
** p < 0.05, *** p < 0.01 
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Table A.4: Interaction Finance and carbon emissions (West Africa countries) 
Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 

L.lnco2kt 0.913*** 0.907*** 0.859*** 0.852*** 0.881*** 0.848*** 0.919*** 0.889*** 0.841*** 0.850*** 0.853*** 0.846*** 

 (0.032) (0.027) (0.045) (0.055) (0.036) (0.057) (0.035) (0.025) (0.045) (0.058) (0.040) (0.059) 

lnrgdpg2 -0.000 -0.000 -0.000 0.001 0.001 0.001 -0.000 -0.001 -0.002 -0.001 -0.002 -0.002 

 (0.005) (0.005) (0.005) (0.004) (0.005) (0.004) (0.005) (0.005) (0.004) (0.005) (0.005) (0.005) 

rgdpg 0.006 0.027** 0.006 0.025*** 0.008 0.025*** 0.007* 0.006* 0.006** 0.007** 0.007** 0.007** 

 (0.005) (0.013) (0.009) (0.007) (0.015) (0.007) (0.004) (0.003) (0.003) (0.003) (0.004) (0.003) 

lnpop 0.060* 0.063** 0.130** 0.120** 0.091*** 0.125** 0.055* 0.082*** 0.147*** 0.128** 0.122*** 0.132** 

 (0.033) (0.030) (0.053) (0.056) (0.034) (0.057) (0.033) (0.024) (0.051) (0.058) (0.038) (0.059) 

lnenpc 0.069*** 0.094*** 0.071** 0.064** 0.080** 0.065** 0.079*** -0.078 0.396*** 0.108* 0.259*** 0.122** 

 (0.026) (0.031) (0.029) (0.027) (0.034) (0.027) (0.023) (0.057) (0.141) (0.057) (0.081) (0.057) 

lntra -0.024 -0.007 -0.097 -0.090 -0.070 -0.093 -0.017 -0.028 -0.104 -0.089 -0.092 -0.093 

 (0.039) (0.059) (0.077) (0.069) (0.084) (0.071) (0.045) (0.061) (0.077) (0.071) (0.077) (0.072) 

lnturpop 0.147 0.072 0.118* 0.176* 0.115* 0.180* 0.113 0.122** 0.101 0.184* 0.141** 0.188* 

 (0.100) (0.058) (0.064) (0.097) (0.059) (0.098) (0.113) (0.057) (0.069) (0.097) (0.062) (0.097) 

lnfdi×rgdpg 0.001            

 (0.003)            

lnfdi -0.022      0.069      

 (0.025)      (0.086)      

lnliqbas×rgdpg  -0.007*           

  (0.004)           

lnliqbas  0.056**      -0.282**     

  (0.023)      (0.113)     

lnm2gdp×rgdpg   -0.000          

   (0.003)          

lnm2gdp   0.120*      0.672**    

   (0.067)      (0.261)    

lndcpb×rgdpg    -0.007***         

    (0.003)         

lndcpb    0.073**      0.156   

    (0.033)      (0.106)   

lndcpf×rgdpg     -0.001        

     (0.005)        

lndcpf     0.033      0.397***  

     (0.044)      (0.147)  

lndcp×rgdpg      -0.007***       

      (0.003)       

lndcp      0.079**      0.190* 

      (0.036)      (0.111) 

lnfdi×lnenpc       -0.016      

       (0.017)      

lnliqbas×lnenpc        0.055***     

        (0.018)     

lnm2gdp×lnenpc         -0.098**    

         (0.046)    

lndcpb×lnenpc          -0.019   

          (0.024)   

lndcpf×lnenpc           -0.063***  

           (0.024)  

lndcp×lnenpc            -0.024 

            (0.024) 

Constant -1.028* -1.136*** -1.736** -1.514** -1.140*** -1.574** -0.963* -0.336 -3.607*** -1.834*** -2.428*** -1.955*** 

 (0.563) (0.420) (0.697) (0.676) (0.409) (0.698) (0.564) (0.447) (1.135) (0.603) (0.729) (0.635) 

Observations 91 110 110 110 110 110 91 110 110 110 110 110 

Sargan 75.770 102.315 101.770 100.755 103.867 100.878 75.318 100.412 102.722 102.290 104.609 102.214 

P(Sargan) 0.643 0.417 0.432 0.460 0.376 0.457 0.657 0.470 0.406 0.418 0.356 0.420 

AR(1) 0.028 0.017 0.017 0.016 0.015 0.016 0.028 0.015 0.015 0.015 0.013 0.014 

AR(2) 0.348 0.528 0.097 0.135 0.104 0.132 0.391 0.506 0.153 0.130 0.163 0.132 

CD test 0.569 0.507 0.273 0.300 0.356 0.309 0.239 0.363 0.658 0.352 0.710 0.355 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence 
of the first and second-order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test for stationarity test. The p-values for CD and ADF tests are reported. The 
CD test suggests that residual from all the models are cross-sectional independent. The ADF test also suggest that the residual from all the models are stationary, indicating a good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 
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Table A.5: Interaction Finance and carbon emissions (Southern Africa countries) 
Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 

L.lnco2kt 0.941*** 0.936*** 0.948*** 0.943*** 0.940*** 0.936*** 0.943*** 0.930*** 0.937*** 0.915*** 0.929*** 0.910*** 

 (0.012) (0.010) (0.009) (0.009) (0.014) (0.009) (0.011) (0.013) (0.009) (0.012) (0.011) (0.011) 

lnrgdpg2 -0.014 -0.005 -0.007 -0.005 -0.006 -0.005 -0.015 -0.005 -0.006 -0.006 -0.005 -0.005 

 (0.012) (0.015) (0.012) (0.011) (0.013) (0.011) (0.011) (0.017) (0.010) (0.010) (0.011) (0.010) 

rgdpg 0.006*** -0.014 0.007 -0.003 0.003 -0.002 0.005*** 0.002 0.003 0.002 0.000 0.002 

 (0.002) (0.013) (0.014) (0.004) (0.005) (0.004) (0.002) (0.005) (0.002) (0.002) (0.002) (0.002) 

lnpop 0.080*** 0.075*** 0.070*** 0.076*** 0.074*** 0.081*** 0.084*** 0.086*** 0.083*** 0.099*** 0.084*** 0.100*** 

 (0.011) (0.012) (0.011) (0.010) (0.014) (0.009) (0.019) (0.013) (0.011) (0.010) (0.011) (0.009) 

lnenpc 0.023 -0.001 0.018 0.010 0.014 0.007 0.017 0.044* -0.162 -0.108*** -0.046 -0.083*** 

 (0.017) (0.015) (0.014) (0.015) (0.031) (0.015) (0.021) (0.023) (0.107) (0.037) (0.049) (0.029) 

lntra 0.218*** 0.159*** 0.159*** 0.167*** 0.183*** 0.181*** 0.232*** 0.209*** 0.183*** 0.226*** 0.213*** 0.239*** 

 (0.046) (0.042) (0.037) (0.036) (0.051) (0.036) (0.068) (0.043) (0.030) (0.027) (0.043) (0.027) 

lnturpop 0.163*** 0.219*** 0.122*** 0.145*** 0.191** 0.159*** 0.162*** 0.247*** 0.149*** 0.164*** 0.212** 0.182*** 

 (0.034) (0.067) (0.037) (0.036) (0.077) (0.038) (0.032) (0.093) (0.047) (0.049) (0.083) (0.045) 

lnfdi×rgdpg -0.001            

 (0.002)            

lnfdi -0.010      -0.056      

 (0.015)      (0.131)      

lnliqbas×rgdpg  0.005*           

  (0.003)           

lnliqbas  -0.044***      0.078     

  (0.014)      (0.058)     

lnm2gdp×rgdpg   -0.001          

   (0.004)          

lnm2gdp   0.027      -0.296    

   (0.024)      (0.186)    

lndcpb×rgdpg    0.002         

    (0.001)         

lndcpb    0.021*      -0.286***   

    (0.012)      (0.100)   

lndcpf×rgdpg     -0.000        

     (0.002)        

lndcpf     0.012      -0.120  

     (0.013)      (0.082)  

lndcp×rgdpg      0.002       

      (0.001)       

lndcp      0.027**      -0.205*** 

      (0.011)      (0.079) 

lnfdi×lnenpc       0.007      

       (0.019)      

lnliqbas×lnenpc        -0.016     

        (0.010)     

lnm2gdp×lnenpc         0.049*    

         (0.028)    

lndcpb×lnenpc          0.049***   

          (0.015)   

lndcpf×lnenpc           0.020  

           (0.012)  

lndcp×lnenpc            0.036*** 

            (0.011) 

Constant -2.383*** -1.952*** -1.954*** -2.055*** -2.233*** -2.193*** -2.474*** -2.753*** -1.115* -1.792*** -2.111*** -2.045*** 

 (0.337) (0.438) (0.381) (0.342) (0.481) (0.336) (0.525) (0.619) (0.635) (0.333) (0.468) (0.309) 

Observations 114 110 115 115 104 115 114 110 115 115 104 115 

Sargan 93.911 85.899 88.666 89.021 81.588 88.742 92.607 83.286 88.920 88.542 81.595 88.314 

P(Sargan) 0.751 0.841 0.874 0.868 0.816 0.873 0.781 0.886 0.870 0.876 0.816 0.879 

AR(1) 0.046 0.127 0.124 0.118 0.126 0.119 0.050 0.117 0.123 0.124 0.125 0.123 

AR(2) 0.558 0.225 0.226 0.228 0.267 0.229 0.571 0.217 0.233 0.239 0.286 0.238 

CD test 0.578 0.676 0.363 0.498 0.829 0.525 0.642 0.726 0.450 0.344 0.944 0.423 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence 
of the first and second-order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test for stationarity test. The p-values for CD and ADF tests are reported. The 
CD test suggests that residual from all the models are cross-sectional independent. The ADF test also suggest that the residual from all the models are stationary, indicating a good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 
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Table A.6: Interaction Finance and carbon emissions (Central and Eastern Africa) 
Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 

L.lnco2kt 0.949*** 0.941*** 0.936*** 0.938*** 0.934*** 0.938*** 0.948*** 0.924*** 0.931*** 0.926*** 0.932*** 0.927*** 

 (0.015) (0.017) (0.017) (0.020) (0.016) (0.020) (0.020) (0.018) (0.019) (0.024) (0.019) (0.024) 

lnrgdpg2 -0.001 -0.004 0.003 0.002 0.001 0.002 -0.002 -0.003 0.000 0.001 0.001 0.001 

 (0.004) (0.004) (0.003) (0.004) (0.004) (0.004) (0.005) (0.004) (0.005) (0.005) (0.004) (0.005) 

rgdpg 0.014*** 0.037*** -0.011 -0.005 0.009 -0.005 0.004 0.005 0.007* 0.006 0.012** 0.006 

 (0.005) (0.012) (0.007) (0.006) (0.009) (0.006) (0.004) (0.004) (0.004) (0.005) (0.005) (0.005) 

lnpop 0.053*** 0.072*** 0.067*** 0.055*** 0.061*** 0.054*** 0.058*** 0.113*** 0.092*** 0.075*** 0.059*** 0.076*** 

 (0.010) (0.027) (0.016) (0.009) (0.013) (0.009) (0.013) (0.028) (0.024) (0.020) (0.014) (0.020) 

lnenpc 0.037** 0.080** 0.061** 0.053*** 0.078*** 0.052*** 0.053** 0.381*** 0.157 0.125** 0.060** 0.124** 

 (0.016) (0.037) (0.024) (0.020) (0.021) (0.020) (0.023) (0.136) (0.116) (0.061) (0.024) (0.060) 

lntra 0.015 0.017 0.009 0.010 -0.017 0.010 0.006 0.038 0.005 -0.006 -0.022* -0.006 

 (0.014) (0.019) (0.022) (0.020) (0.017) (0.020) (0.016) (0.033) (0.030) (0.024) (0.013) (0.024) 

lnturpop 0.042*** 0.026* 0.069 0.042 0.035 0.042 0.036** 0.009 0.124*** 0.093*** 0.034 0.094*** 

 (0.012) (0.014) (0.043) (0.028) (0.027) (0.029) (0.015) (0.020) (0.035) (0.033) (0.027) (0.033) 

lnfdi×rgdpg -0.007***            

 (0.002)            

lnfdi 0.015*      0.066**      

 (0.008)      (0.031)      

lnliqbas×rgdpg  -0.008***           

  (0.003)           

lnliqbas  0.056      0.531***     

  (0.035)      (0.202)     

lnm2gdp×rgdpg   0.006***          

   (0.002)          

lnm2gdp   0.027      0.213    

   (0.027)      (0.222)    

lndcpb×rgdpg    0.006**         

    (0.003)         

lndcpb    0.004      0.201   

    (0.020)      (0.158)   

lndcpf×rgdpg     0.001        

     (0.002)        

lndcpf     0.012      -0.033  

     (0.011)      (0.041)  

lndcp×rgdpg      0.006**       

      (0.003)       

lndcp      0.004      0.201 

      (0.020)      (0.156) 

lnfdi×lnenpc       -0.009**      

       (0.004)      

lnliqbas×lnenpc        -0.074***     

        (0.028)     

lnm2gdp×lnenpc         -0.028    

         (0.038)    

lndcpb×lnenpc          -0.030   

          (0.026)   

lndcpf×lnenpc           0.008  

           (0.007)  

lndcp×lnenpc            -0.030 

            (0.026) 

Constant -0.849*** -1.490** -1.278*** -0.877*** -1.007*** -0.871*** -0.964*** -3.956*** -2.465** -1.712** -0.838*** -1.721** 

 (0.130) (0.658) (0.491) (0.207) (0.249) (0.212) (0.191) (1.281) (1.170) (0.696) (0.306) (0.699) 

Observations 112 113 113 113 101 113 112 113 113 113 101 113 

Sargan 94.450 105.649 112.679 113.737 93.435 113.634 95.963 107.914 110.473 113.588 92.919 113.434 

P(Sargan) 0.690 0.409 0.242 0.221 0.410 0.223 0.650 0.351 0.290 0.224 0.424 0.227 

AR(1) 0.021 0.020 0.015 0.015 0.016 0.015 0.028 0.018 0.019 0.020 0.016 0.020 

AR(2) 0.272 0.318 0.552 0.446 0.209 0.450 0.328 0.431 0.371 0.361 0.235 0.360 

CD test 0.827 0.243 0.159 0.406 0.288 0.403 0.529 0.163 0.291 0.387 0.234 0.384 

ADF test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Heteroscedasticity robust standard errors in parentheses. Sargan-test refers to the over-identification test for the restrictions in system-GMM estimation. The AR (1) and AR (2) test are the Arellano–Bond test for the existence 
of the first and second-order autocorrelation in first differences. CD is the cross-sectional dependence test; ADF is the Augmented Dickey-Fuller test for stationarity test. The p-values for CD and ADF tests are reported. The 
CD test suggests that residual from all the models are cross-sectional independent. The ADF test also suggest that the residual from all the models are stationary, indicating a good model fitness * p < 0.10, ** p < 0.05, *** p < 0.01 
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