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ABSTRACT 
This study examines the effect of carbon dioxide emissions on economic growth, including 
investigating whether the CO2-economic growth relationship is dependent on financial development 
in Nigeria between 1980 and 2020. Due to dwindling economic growth, Nigeria experienced two 
recessions in one decade. Besides poor growth rates, Nigeria remains a leading emitter of CO2 in the 
Sub-Saharan region. The motivation for this study derived from the rising level of carbon dioxide 
emissions in Nigeria which might affect economic growth by dwindling agricultural activities (low 
output) in some regions, pose health challenges and create a shortage of inputs to agro-allied 
industries. Hence, this paper attempted to see if there was a causal relationship between carbon 
dioxide emissions, financial development, and economic growth in Nigeria. The relationship between 
the variables was examined using the Autoregressive Distributed Lag estimation technique (ARDL) 
estimation method. The framework for this study has its basis in the endogenous growth theory and 
utilizes the growth and pollution stock model which showed that sustainable economic growth is 
influenced by a large stock of pollution (CO2 emission). The results of the boundaries test for 
cointegration showed a long-term relationship between CO2 emissions, economic expansion, 
financial development, and energy use. According to empirical data, CO2 emissions have little long-
term impact on economic growth. However, there is evidence that the interaction of CO2 emissions 
and financial development promotes economic growth over the long term, suggesting that CO2 
emissions only have an economic influence when there is financial development.  
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Highlights of this paper: 

• The paper adds to the body of literature that did not look at the moderating effect of financial 
development on carbon dioxide emissions and economic growth relationship. 

• The findings of the study show there is a long-run relationship between economic growth, CO2 
emissions, financial development, and energy consumption. 

• It recommends that there should be adequate funding by the financial sector to investors in the 
acquisition of advanced machineries, automobiles, and equipments that emit less amount of CO2. 

 

1. INTRODUCTION 

Economic growth is the increase in a nation's production capacity, enabling the economy to generate more 

commodities and services overall (Palmer, 2012). Another result of economic expansion is an increase in real gross 

domestic product, which shows an increase in the value of national output, income, and expenditure. The Gross 

Domestic Product (GDP) of an economy is a measure of its size, and the GDP growth rate is a measure of economic 

development (Picardo, 2020). 

The benefits of economic growth include the creation of jobs, greater tax revenue for public expenditures, debt 

reduction, an increase in life expectancy, increased investment, and improvements in research and development. On 

the other hand, sluggish economic growth has detrimental impacts on public services, including insufficient health 

and education facilities, low rates of savings and investment, high rates of unemployment and poverty, an increase 

in public debt, and less tax revenue than projected (Picardo, 2020). 

Events in one country or region of the world can have a significant impact on the chances for growth in 

another. Nigeria depends heavily on oil exports; therefore a ban on oil exports to the United States, for example, 

may have a negative impact on Nigeria's economic development. This information is used to compare the economic 

growth rates of a few selected SSA (Sub-Saharan Africa) countries in Figure 1. Nigeria's GDP growth rate 

fluctuates across the five-year period from 2015 to 2020, despite the country's abundant natural and human 

resources. These successions of changes from one time to the next have been attributed to insufficient policy (CBN, 

2020). 

Numerous factors affect each nation's level of development and economic growth. Different economies employ 

unique techniques that are adapted to their particular demands and available natural resources to foster rapid 

economic growth (Ekpo, 2013). 

 

 
Figure 1. GDP growth rate in selected SSA countries.  

                     Source: WDI (2020). 
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Having access to electricity is considered necessary for long-term economic development in Nigeria today 

(Ekpo, 2013). On the other hand, energy-related carbon dioxide (CO2) emissions rise as energy demand does. This 

is because almost 75% of Nigeria's energy needs are met by fossil fuels (oil and gas) (IEA, 2018). Figure 2 displays 

plots of CO2 emissions in tons for a sample of SSA countries, including Nigeria. 

 

 
Figure 2. CO2 emissions in metric tons for selected SSA countries.  

                     Source: WDI (2020). 

 

Nigeria is undoubtedly one of the top SSA carbon emitters as shown in Figure 2. It is noteworthy that Nigeria 

had the highest CO2 emissions while simultaneously having the lowest growth rates in the SSA group. The poor 

growth rate experienced by Nigeria in recent years coupled with the excess carbon dioxide emissions could have 

negative impacts on the environment, agriculture, and overall living standards of Nigerians. 

The growth rates of Nigeria's economy have fluctuated over time. Due to slowing economic growth, Nigeria 

had two recessions in ten years. In real terms, the country's GDP decreased by 1.30 percent between 2015 to the 

fourth quarter of 2016 (NBS, 2020). This fall was not as significant as the one that was claimed to have occurred in 

the third quarter of the same year (2.24 percent). Nigeria most recently had a recession in the second and third 

quarters of 2020, when its GDP decreased by 6.10 and 3.62 percent, respectively, in real terms (NBS, 2020). The 

country's rising unemployment, declining income, and current insecurity, which include armed robberies, 

kidnappings, and banditry, to name a few, may be related to Nigeria's poor growth rates. 

Despite its modest growth rates, Nigeria remains the largest CO2 emitter in the region. From 119,008.82 

million tons in 2012 to 130,130.67 million tons in 2014, Nigeria's CO2 emissions increased by 9.2 percent (IEA, 

2018). Nigeria's CO2 emissions for 2019 were estimated by the International Energy Agency to be 104,276.24 

million tons (IEA, 2018). This number represents an increase of 271.6% from 1990 levels. The negative effects of 

high CO2 emissions, which include environmental degradation, poor agricultural yield, insufficient investment in 

agro-allied sectors, and poor citizen health, might be linked to a fall in economic growth. 

Financial development may operate as a mitigating factor on the negative impact of CO2 emissions on 

economic growth (Hao, Zhang, Liao, Wei, & Wang, 2016). Two examples are given to describe the connection 

between carbon dioxide emissions, economic expansion, and financial development. The first contends that financial 

development increases CO2 emissions by providing finances for the purchase of greater CO2 emissions productivity 

equipment, which in turn has a negative impact on economic growth (see (Ahmed, 2017; Ehigiamusoe & Lean, 

2019a; Ehigiamusoe & Lean, 2019b; Tamazian & Rao, 2010)). On the other hand, some experts contend that growth 
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in financial services leads to increased economic growth and energy demand. By enabling companies to adopt 

cutting-edge, cleaner technologies and collect money for environmental initiatives at a cheaper cost, effective 

management and mitigation of carbon dioxide emissions could enhance environmental quality and economic growth 

(see (Claessens & Feijen, 2007; Tamazian, Chousa, & Vadlamannati, 2009)). 

The formulation of this study was prompted by the rise in CO2 emissions in Nigeria. These emissions may 

affect economic growth by posing health hazards, decreasing the supply of inputs for agro-allied sectors, and 

decreasing agricultural activity in some locations (or producing very little). This study aims to advance knowledge 

by exploring the impact of financial development on the relationship between Nigeria's economic growth and CO2 

emissions. Fundamentally, it is believed that improvements in financial development will lower CO2 emissions if at 

any level of changes in financial development there is an influence on the effect of carbon dioxide emissions on 

economic growth (Brambor, Clark, & Golder, 2006; Ehigiamusoe, 2020). 

Despite the abundance of literature on the connection between CO2 emissions, economic growth 

and financial development, little attention has been given to the moderating effect of financial 

development on CO2 emissions and economic growth in Nigeria has received little attention. In the study carried 

out by Menson (2017) on the effect of CO2 emissions and the energy mix on economic growth in Nigeria; he did not 

consider the development of the financial sector. In addition, Omoke, Opuala-Charles, and Nwani (2020) and 

Rafindadi (2016) investigated the connection between Nigeria's CO2 emissions, economic expansion, and financial 

development. This research, however, did not consider how financial innovation can lessen the negative 

consequences of CO2 emissions on economic expansion. Furthermore, these studies did not account for the 

potential marginal effect that CO2 emissions may have on economic growth at varying financial development levels. 

Additionally, CO2 emissions, energy consumption, and economic growth were all examined by Lorember, 

Goshit, and Dabwor (2020). The study did not include market capitalization over GDP, a comprehensive indicator 

of the financial sector that measures the volume of liquidity given to the economy by the stock market and other 

financial institutions. Additionally, Lorember et al. (2020) and Omoke et al. (2020) only conducted examinations 

that covered the years 1971 through 2014 and 1990, respectively; they did not extend their coverage to 2020. The 

novelty of this study is ascertaining the moderating role of financial development on the 

relationship between carbon dioxide emissions and economic growth in Nigeria by assessing 

the marginal effect of CO2 emissions on economic growth at different levels of financial 

development. The approach to measuring financial advancement proposed by Alvarez-Cuadrado and El-Attar 

Vilalta (2018) and Beck and Demirguc-Kunt (2009) which is not used in the previous literature, is also adopted in 

this research. It uses stock market capitalization over GDP. The study extends its scope to encompass 2020. 

 

2. LITERATURE REVIEW 

Few studies have examined the potential modifying effects of financial development on the relationship 

between CO2 emissions and economic growth, both globally and within particular nations. In Nigeria from 1971 to 

2014, Omoke et al. (2020) employed linear and nonlinear Autoregressive-Distributed Lag (ARDL) to assess the 

impact of financial development on CO2 emissions. The findings show that CO2 emissions are significantly 

impacted by asymmetries in Nigeria's economic growth. 

Additionally, from 1990 to 2016, the use of renewable energy, CO2 emissions, and financial development in 

Nigeria was examined by Lorember et al. (2020) using the Autoregressive-Distributed Lag (ARDL) and  Vector 

Error Correction Model (VECM) granger causality tests. The results show that renewable energy consumption 

improves environmental quality, while financial development adversely affects the environment. Additionally, the 
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results confirmed Nigeria's inverted U-shaped association between environmental degradation and economic 

expansion. Similar to this, Olabanji and Adeolu (2020) investigated the effects of renewable energy consumption 

and CO2 emissions on economic growth across the major oil-producing economies in Africa from 1980 to 2015 

using the non-linear autoregressive distributed lag (NARDL) modeling technique. In all countries except Algeria, 

the results show an asymmetric effect of per capita consumption of both petroleum and natural gas on economic 

growth and carbon dioxide emissions per capita. The findings indicate that in the case of Nigeria, the factors have a 

nonlinear connection. Menson (2017) also uses annual time series data from 1970 to 2016 to examine how Nigeria's 

energy mix and CO2 emissions affect economic growth. The study made use of the ARDL limits testing 

cointegration approach. According to the study's results, both long-term and short-term economic growth is 

significantly influenced by population growth, primary energy consumption per person, total carbon dioxide 

emissions, and carbon dioxide emissions per person. Rafindadi (2016) also looked at the connections between 

Nigeria's economic growth, CO2 emissions, financial development, and trade openness from 1971 to 2011. The 

study made use of the ARDL bounds test for cointegration and the VECM causality analysis. The study's findings 

demonstrated that while the demand for energy increased due to financial development, CO2 emissions declined. 

Jakada, Mahmoud, Ahmad, Farouk, and Mustapha (2020) also evaluated the uneven effects of financial 

development on CO2 emissions in Nigeria between 1970 and 2018. The study's findings, which were based on 

ARDL and NARDL techniques, demonstrate that CO2 emissions are positively connected with financial 

development but negatively correlated with economic growth and Foreign Direct Investment (FDI). 

In contrast, Ehigiamusoe (2020) investigated the factors behind the environmental deterioration in China and 

the Association of South East Asian Nations (ASEAN) from 1990 to 2016 using the mean group (MG) and pooled 

mean group (PMG) methods of analysis. The results show that environmental deterioration is hidden by renewable 

energy, foreign direct investment, and trade openness while it is aggravated by economic expansion, energy 

consumption, and non-renewable energy sources. Li and Ouyang (2019) examined the dynamic effects of financial 

development, human capital, and economic growth on carbon emission intensity in China from 1978 to 2015 using 

the ARDL approach to cointegration. The results show a long-term link between the variables (cointegration), and 

that financial development has a positive impact on carbon emissions. 

Additionally, Adzawal, Sawaneh, and Yusuf (2019) investigated the connection between CO2 emissions and 

economic growth in the SSA region between 1970 and 2012 using the vector autoregressive and Ordinary Least 

Squares (OLS) methods. The results demonstrate a monotonically deteriorating relationship between economic 

growth and CO2 emissions. In addition, Khan, Khan, and Binh (2020) examined the heterogeneity of energy use, 

CO2 emissions, and financial development using panel data for 192 countries from 1980 to 2018. The authors found 

using panel quantile regression that energy consumption has a negative influence on carbon emissions whereas 

financial development has a positive impact. The findings also show that while CO2 emissions produce a decrease in 

energy use, financial development positively affects energy consumption. The results also demonstrate how carbon 

emissions and energy use have a big impact on financial development. 

 

3. METHODOLOGY 

3.1. Theoretical Framework 

The structure of this study is based on the growth and pollution stock model developed by Foster (1973) which 

shows that a sizable pollution stock affects sustainable economic growth (CO2 emission). The model is consistent 

with this study which examines the effect of CO2 emissions on economic growth. Pollution and environmental 

issues are externalities significant in the growth process. Growth in economic activity may increase the level of 
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pollution and environmental degradation which makes it less desirable taking into account the significant value of 

the environment (Foster, 1973). 

Theoretically, the model is specified as follows: 

𝑌𝑡 =  𝐵𝐾𝑀
𝛼 + 𝑋𝐿𝑀

𝛽
+ 𝐻𝑀

𝑐 +  𝛾 [𝑍(𝑡) ] + 𝜇𝑡                                                                                         (1) 

Where: 

𝑌= total production i.e. the real value of goods produced in a given year. 

𝐾, 𝐿 𝑎𝑛𝑑 𝐻 = capital, labor, and human capital. 

𝐵 𝑎𝑛𝑑 𝑋 = productivity of labor and capital. 

𝛾 = Pollution abatement. 

t = current period (time). 

𝑍(𝑡) = stock of pollution. 

𝜇𝑡 = random error term.  

According to the hypothesis and as shown in Equation 1, pollution and output (i.e., economic growth) are 

related (CO2 emission). 

 

3.2. Modelling 

Our research builds on the work of Menson (2017) whose model was derived from Foster (1973) endogenous 

growth and pollution stock model specified as follows:  

𝐺𝐷𝑃𝑡 =  𝐺𝐶𝑂2𝑡
+  𝐶𝑂2𝑃𝐶𝑡 +  𝐸𝑁𝐺𝑡 + 𝑃𝑂𝑃𝑡 +  𝐺𝐹𝐶𝐹𝑡 + 𝜇𝑡                                                       (2) 

Where: 

       𝐺𝐷𝑃𝑡  = Gross domestic product per capita as a proxy for economic growth. 

       𝐺𝐶𝑂2𝑡
 = Gross carbon dioxide emissions. 

      𝐶𝑂2𝑃𝐶𝑡 = Carbon dioxide emissions per capita at annual time series. 

      𝐸𝑁𝐺𝑡 = Primary energy consumption per capita at annual time series. 

      𝑃𝑂𝑃𝑡  = Population growth at annual time series. 

      𝐺𝐹𝐶𝐹𝑡 = Gross fixed capital formation at annual time series. 

Equation 2 is modified and expanded for the purpose of this study in order to include CO2 emissions, financial 

development, the interaction between CO2 emissions and financial development, and energy consumption to see if 

they are potential drivers of economic growth as specified in (3.3). The modifications and extensions are as follows: 

𝑌𝑡 = 𝑓(𝐸𝑀𝑡 ,  𝐹𝐷𝑡 , 𝐸𝑀 ∗ 𝐹𝐷𝑡 , 𝐸𝐶𝑡)                                                                                              (3) 

Where: 

       𝐸𝑀𝑡= CO2 emissions. 

       𝐹𝐷𝑡  =  financial development. 

       𝐸𝑀 = emissions. 

       𝐹𝐷𝑡  =  financial development interaction. 

       𝐸𝐶𝑡 = energy consumption. 

Equation 3 illustrates the dependence of economic growth on CO2 emissions, financial development, the 

interaction of CO2 emissions, and financial development and energy consumption. 

Thus, the econometric model is specified as: 

L 𝑌𝑡 = 𝛽0 +  𝛽1 𝐿𝐸𝑀𝑡 +  𝛽2 𝐿𝐹𝐷𝑡 + 𝛽3 (𝐿𝐸𝑀 ∗ 𝐹𝐷)𝑡 + 𝛽4 𝐿𝐸𝐶𝑡 + 𝜇𝑡                                                               (4𝑎)                                     

𝛽0 is the constant term, 𝛽1, 𝛽2, 𝛽3 𝑎𝑛𝑑 𝛽4 are the parameters to be estimated. Equation 4a presents the interaction 

term, the marginal effect of CO2 emissions on economic growth. It also shows that 𝜇𝑡 ~ (0, 𝜎2) is the random error 
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term with zero mean and constant variance and Ln is the natural logarithm of the variables. In addition, CO2 

emissions (EM)*financial development (FD) is the interaction of CO2 emissions and financial development. 

Furthermore, Equation 4a enables the researchers to ascertain whether the effect of CO2 emissions on economic 

growth varies with the level of financial development.  

𝜕 (𝐿𝑌)𝑡

𝜕 (𝐿𝐸𝑀)𝑡

  =   𝛽1 + 𝛽3  (𝐿𝐹𝐷)𝑡                                                                                                                           (4𝑏) 

Equation 4b argues that in interaction term, the marginal effect of CO2 emissions on economic growth can be 

captured by taking the partial derivatives of Equation 4a with respect to CO2 emissions 

A positive and significant coefficient of the marginal effect 𝛽1 +  𝛽3 (𝐿𝐹𝐷)𝑡 implies that financial development 

improves economic growth and increases the adverse effect of CO2 emissions on economic growth. In essence, the 

economy grows with an increase in the level of CO2 emissions. On the other hand, a negative and significant 

coefficient of the marginal effect 𝛽1 + 𝛽3 (𝐿𝐹𝐷)𝑡 implies that financial development retards growth but favorably 

moderates the adverse effects of CO2 emissions on economic growth. In essence, the moderating impact of financial 

development results in a drop in CO2 emissions (see (Brambor et al., 2006; Ehigiamusoe & Lean, 2019a)). 

 

3.3. Sources and Nature of Data 

This study employed annual time series data for its empirical investigation. The data for economic growth 

(GDP per capita), CO2 emissions (Emissions from manufacturing industries and constructions), financial 

development (Stock market capitalization over GDP), and energy consumption (Energy consumption per capita) 

were all sourced from the WDI (2020). 

 

3.4. Method of Analysis 

3.4.1. Unit Root Test 

The unit root test is performed by employing the Augmented Dickey-Fuller (ADF) and Philips Perron (PP) 

tests using the t-statistic on the following regression as proposed by Kwiatkowski, Phillips, Schmidt, and Shin 

(1992). 

∆𝑦𝑡 =  𝛼 +  𝜌𝑦𝑡−1 + 𝜃1 ∆𝑦𝑡 − 1 … . + 𝜃𝑘  ∆𝑦𝑡 − 𝑘 + 𝜇𝑡                                                               (5) 

Where: 

 𝑦𝑡 is the series. 

𝜇𝑡 the error term.  

The equation is used to test the null hypothesis: 

H0: ρ = 0 (unit root). 

Against the alternative hypothesis:  

H1: ρ < 0 (series is stationary). 

The test statistic is expected to be negative and statistically significant at either 1%, 5%, or 10% level of 

significance. Based on the test results, Equation 5 argues that the variables are stationary hence the null hypothesis 

(H0) is rejected and vice versa. 

 

3.5. ARDL Bounds Test to Cointegration 

This study adopted the ARDL method of analysis to test for the existence of long-run equilibrium relationship 

(cointegration) among the estimated variables using the critical bounds testing approach as developed by Pesaran, 

Shin, and Smith (2001); Pesaran, Shin, and Smith (1999). As shown in Equation 6, the ARDL method assumes a 
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single equation relationship exists between the dependent and the exogenous variables when compared to systems 

of equations by other techniques (Pesaran et al., 2001). The ARDL model 𝑝, 𝑛1, 𝑛2, 𝑛3 𝑎𝑛𝑑 𝑛4 is specified as: 

(𝐿𝑌)𝑡 =  𝛽0 + 𝛽1 (𝐿𝑌)𝑡−1 + 𝛽2(𝐿𝐸𝑀)𝑡−1 + 𝛽3 (𝐿𝐹𝐷)𝑡−1 +  𝛽4(𝐿𝐸𝑀 ∗ 𝐹𝐷)𝑡−1 

+ 𝛽5 (𝐿𝐸𝐶)𝑡−1 + ∑ 𝜃1 ∆ (𝐿𝑌)𝑡−1 + ∑ 𝜃2 ∆

𝑛1

𝑖=0

 (𝐿𝐸𝑀)𝑡−𝑖

𝜌

𝑖=1

 

+ ∑ 𝜃3∆

𝑛2

𝑖=0

 (𝐿𝐹𝐷)𝑡−𝑖 + ∑ 𝜃4 ∆ (𝐿𝐸𝑀 ∗ 𝐹𝐷)𝑡−1

𝑛3

𝑖=0

 

+ ∑ 𝜃5 ∆ (𝐿𝐸𝐶)𝑡−1 + 𝜇𝑡                                                                                                                                    (6)

𝑛4

𝑖=0

 

The bounds test is conducted by testing the null hypothesis (H0) against the alternative hypothesis (H1) using 

the following equations: 

𝐻0 ∶  𝛽1 =  𝛽2 =  𝛽3 =  𝛽4 =  𝛽5 = 0, and 

𝐻1 :  𝛽1 ≠  𝛽2 ≠  𝛽3  ≠  𝛽4  ≠  𝛽5  ≠ 0 

The bounds test result obtained from the computed F-Statistic is similar to the result obtained by Pesaran et al. 

(2001) which states that if the F-Statistic is greater than the upper bound I (1) in each case, the null hypothesis of 

no cointegration is rejected and it can be concluded that there is cointegration among the series and vice versa. 

After the confirmation of cointegration among the variables, both the long-run and short-run coefficients were 

estimated using the models specified in Equation 7 and Equation 8, respectively. It is safe to say that Equations 

7and 8 both confirm that there is cointegration in both the long-run and the short-run of the examined variables. 

(𝐿𝑌)𝑡 =  𝛽0 + 𝛽1 (𝐿𝑌)𝑡−1 +  𝛽2 (𝐿𝐸𝑀)𝑡−1 + 𝛽3 (𝐿𝐹𝐷)𝑡−1 + 𝛽4 (𝐿𝐸𝑀 ∗ 𝐹𝐷)𝑡−1 

+ 𝛽5 (𝐿𝐸𝐶)𝑡−1 + 𝜇𝑡                                                                                                                                       (7) 

Furthermore, following the confirmation of a long-run linear relationship (cointegration) among the variables, the 

short-run coefficients are estimated using the short run / Error Correction Model specified in Equation 8 as 

follows: 

∆(𝐿𝑌)𝑡 = 𝜃0 + ∑ 𝜃1 ∆ (𝐿𝑌)𝑡−1 + ∑ 𝜃2 ∆

𝑛1

𝑖=0

 (𝐿𝐸𝑀)𝑡−𝑖

𝜌

𝑖=1

                                                                       

+ ∑ 𝜃3 ∆ (𝐿𝐹𝐷)𝑡−𝑖 +  ∑ 𝜃4 ∆ (𝐿𝐸𝑀 ∗ 𝐹𝐷)𝑡−𝑖                                                                      

𝑛3

𝑖=0

𝑛2

𝑖=0

 

+ ∑ 𝜃5 ∆ (𝐿𝐸𝐶)𝑡−𝑖 + 𝛽1 𝐸𝐶𝑀𝑡−1 + 𝜇𝑡                                                                                                      (8)

𝑛4

𝑖=0

 

𝐸𝐶𝑀𝑡−1 serves as the error correction term which is lagged by one period and its coefficient (β1) measures the 

speed it will take for short-run disequilibrium to be restored in the long run (Bahmani & Ghodsi, 2018). 

 

3.6. Diagnostic and Stability Tests 

Some of the diagnostic tests conducted include Breusch- Godfrey (BG) serial correlation test, Jarque-Bera (JB) 

normality test, Breusch-Pagan-Godfrey (BPG) heteroskedasticity test, and Ramsey Regression Equation 
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Specification Error Test (RESET). Stability tests were carried out in this study which includes the cumulative sum 

(CUSUM) of recursive residual and also the cumulative sum of squares (CUSUMSQ) of recursive residuals tests, 

respectively. 

 

4. RESULTS AND DISCUSSIONS 

4.1. Summary of Descriptive Statistics and Correlation Analysis 

Before beginning our research, we assessed the variables' descriptive statistics and ran a correlation analysis. 

We then compiled our findings in Table 1. The results show that the average (mean) value of economic growth is 

3.23. Additionally, each individual emits 5.63 metric tons of CO2 on average (of total emissions from manufacturing 

industries and constructions). The results also demonstrate that 14.9% of GDP is attributable to average financial 

development. And, the individual standard deviations of the variables (5.75) and the CO2 emissions and financial 

development interaction's standard deviation (44.0) both show a wide range, suggesting that the variables are 

widely distributed around their mean. Energy consumption (standard deviation: 0.18), CO2 emissions (standard 

deviation: 1.23), and economic growth (standard deviation: 0.12) all exhibit less dispersion, indicating that the 

variables are very near to their mean. Furthermore, the results of the correlation matrix are reported in the lower 

panel of Table 1. The results indicate that there is a high positive correlation between the pairs-CO2 emissions and 

financial development interaction and financial development (i.e. 0.91) and CO2 emissions and financial development 

interaction and CO2 emissions (i.e. 0.57). In addition, the results indicate a weak positive correlation between the 

pairs- economic growth and CO2 emissions and financial development interaction (i.e. 0.40), economic growth and 

CO2 emissions (i.e. 0.44), economic growth and financial development (i.e. 0.26) and economic growth and energy 

consumption (i.e. 0.19). Furthermore, there is a weak positive correlation between financial development and CO2 

emissions (i.e. 0.10), and energy consumption and financial development (i.e. 0.17). However, there is a weak 

negative association between the pairs- energy consumption and CO2 emissions (i.e. -0.22) and energy consumption 

and the interaction of CO2 emissions and financial development (i.e. -0.16). 

 

Table 1. Descriptive statistics and correlation analysis. 

Variables 𝑳𝒀 𝑳𝑬𝑴 𝑳𝑭𝑫 𝑳𝑬𝑴 ∗ 𝑭𝑫 𝑳𝑬𝑪 

Mean 3.23 5.63 14.9 85.5 0.61 

Min 3.06 3.10 8.71 35.28 0.33 

Max 3.47 7.83 38.4 259 0.93 

Std. dev. 0.12 1.27 5.75 44.0 0.18 

Obs. 41 41 41 41 41 

Correlation analysis 

𝑳𝒀 1.00     

𝑳𝑬𝑴 0.44                 1.00    

𝑳𝑭𝑫 0.26                 0.10               1.00      

𝑳𝑬𝑴 ∗ 𝑭𝑫 0.40                 0.57                0.91                     1.00  

𝑳𝑬𝑪 0.19                -0.22                0.17                    -0.16             1.00 
Note: LY = Natural log of economic growth. 
LEM = Natural log of CO2 emissions. 
LFD = Natural log of financial development. 
LEM = Natural log of emissions. 
FD = Financial development interaction. 
LEC = Natural log of energy consumption.  

 

4.2. Results of Unit Root Test 

The results of the unit root test reported in Table 2 indicate that financial development with a value of (-3.56) 

from the ADF test and (-2.73) from the PP test has no unit root at the 10% level of significance. The values also 

show that financial development is stationary at level and integrated to order zero [I(0)]. Furthermore, economic 
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growth with a value of (-4.78) has the presence of a unit root at level I(0), but after taking the first difference, the 

variable became stationary at the 1% level of significance and integrated to order one [I(1)] for the ADF and PP 

tests, respectively. Also, CO2 emissions with a value of (-6.50) for the ADF test and (-7.10) for the PP test are 

stationary at the 1% level and integrated to order one [I(1)]. Lastly, energy consumption with a value of (-8.23) for 

the ADF test and (-8.17) for the PP test is stationary at the 1% level of significance and integrated to order one 

[I(1)].  The order of integration of the variables which is a mixture of [I(0)] and [I(1)] justifies using the ARDL-

bounds test for cointegration.  

 

Table 2. Results of unit root test. 

ADF PP 

Variables Level First 
difference 

Level First 
difference 

Stationarity 
status 

𝑳𝒀 -0.90 -4.78*** -1.07 -4.78*** I (1) 

𝑳𝑬𝑴 -1.56 -6.50*** -1.37 -7.10*** I (1) 

𝑳𝑭𝑫 -3.56* ----------- -2.73* ----------- I (0) 

𝑳𝑬𝑪 -2.54 -8.23*** -2.37 -8.17*** I (1) 
Note: *, *** indicates a significant level at 1% and 10%. 
ADF = Augmented Dickey Fuller. 
PP = Phillip Pherron. 
* = significant level at 1%. 
***= significant level at 10%. 

 

4.3. Result of Bounds Testing to Cointegration  

The result of the bound testing approach presented in Table 3 shows that the computed F-statistic (5.75) is 

greater than the upper bound I(1) with a value of (4.37) at 1% level of significance. This result implies the existence 

of a long-run relationship (cointegration) between economic growth, CO2 emissions, financial development, and 

energy consumption. Having established the existence of a long-run relationship (cointegration) among the 

variables, the next step is to estimate this relationship between the variables. 

 

Table 3. Results of bounds test to cointegration. 

Dependent variable Function F-statistic 

𝑳𝒀 f(LY/LEM, LFD, LEC) 5.7548*** 

Critical value bounds 

10% 5% 2.5% 1% 

I(0) I(1) I(0) I(1) I(0) I(1) I(0) I(1) 
2.2 3.09 2.56 3.49 2.88 3.87 3.29 4.37 

Note: *** denotes a rejection of the null hypothesis of no cointegration at 1% level. 
LY = natural log of economic growth 
LEM = natural log of CO2 emissions 
LFD = natural log of financial development  
LEC = natural log of energy consumption  

 

4.4. Results of Estimation of the Short Run and Long Run ARDL Model 

The long-run results reported in Table 4 show that CO2 emissions with a value (-0.07) have a negative and 

insignificant effect on economic growth. This result is in line with the findings of extant literature (see (Olabanji & 

Adeolu, 2020)). 

Moreover, the results demonstrate that financial development with a value of (-0.13) in the long run has a 

negative and significant effect on economic growth. Furthermore, CO2 emissions and financial development 

interaction have a positive value (i.e. 0.02) and a significant effect on economic growth in the long run at 10% 

significant level. This finding is consistent with the outcomes of past studies (see (Ahmed, 2017; Ehigiamusoe & 

Lean, 2019a)). Also, energy consumption with the value (0.71) has a positive and significant effect on economic 

growth in the long run at 10% significant level. This finding is in line with past studies (see (Ahmed, 2017; Olabanji 
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& Adeolu, 2020)). Lastly, the coefficient of the error correction term (i.e. -0.21) lagged by one period (𝐸𝐶𝑇−1) is 

negative and statistically significant at the 1% level. The negative sign of the Error Correction Term (ECT) 

coefficient implies the speed of adjustment towards equilibrium in the long run after the short-run distortions. It 

also indicates that approximately, about 0.23% of the deviation or distortions in economic growth will be corrected 

within one year. 

 

Table 4. Results of ARDL estimation. 

Panel A: Long-run coefficients (Dependent variable is 𝑳𝒀) 

𝑽𝒂𝒓𝒊𝒂𝒃𝒍𝒆 Coefficient Std. error T. ratio Prob. 

𝐿𝐸𝑀 -0.07 0.10 -0.70 0.49 

𝐿𝐹𝐷 -0.13 0.05 -2.46 0.02 

𝐿𝐸𝑀∗𝐹𝐷 0.02 0.00 2.45 0.02 

𝐿𝐸𝐶 0.71 0.30 2.38 0.03 

𝐶 3.52 0.58 6.11 0.00 

Panel B: Short-run coefficients (Dependent variable is ∆𝑳𝒀) 

∆(𝑳𝒀)𝒕−𝟏 -0.17 0.15 -1.08 0.29 

∆(𝑳𝑬𝑴) -0.01 0.02 -0.77 0.47       

∆(𝑳𝑬𝑴)𝒕−𝟏 -0.05  0.01 -5.51  0.00  

∆(𝑳𝑭𝑫) -0.01  0.00   -2.03  0.06 

∆(𝑳𝑭𝑫)𝒕−𝟏 0.02   0.00 3.97 0.00      

∆(𝑳𝑬𝑴 ∗ 𝑭𝑫) 0.00  0.00 1.81 0.09 

∆(𝑳𝑬𝑴 ∗ 𝑭𝑫)𝒕−𝟏 -0.00   0.00 -4.07 0.00 

∆(𝑳𝑬𝑪) -0.06   0.04   -1.57 0.13 

∆(𝑳𝑬𝑪)𝒕−𝟏 -0.18  0.06  -3.17 0.01 

𝑬𝑪𝑻𝒕−𝟏 -0.22  0.03   -6.60  0.00 

Note: ∆ is the first difference operator.* multiply. 
LEM = natural log of CO2 emissions 
LFD = natural log of financial development  
LEM * FD = natural log of the interaction term of CO2 emissions and financial development 
FD = financial development 
LEC =  natural log of energy consumption 
C = Constant 

∆𝐋Y = first difference operator of the natural log of economic growth 

∆𝐋EM = first difference operator of the natural log of CO2 emissions  

 ∆(LEM)𝐭−𝟏 = first difference operator of the natural log of CO2 emission at annual time series (lag of one year) 

∆LFD= first difference operator of the natural log of financial development 

∆(LFD)t−1 = first difference operator of the natural log of financial development at annual time series (lag of one year) 

∆(LEC) = first difference operator of the natural log of energy consumption 

∆(LEC)t−1 = first difference operator of the natural log of energy consumption at annual time series (lag of one year) 

𝐄𝐂𝐓𝐭−𝟏 = error correction term which maintains the stability of the model and variables within one year. 

 

4.5. Results of Diagnostic Tests for the ARDL-ECM Model  

In an attempt to ascertain the validity and reliability of the results earlier reported, a diagnostic test for the 

ARDL-ECM model was conducted which is reported in Table 5.  

 

Table 5. ARDL-ECM model diagnostic tests. 

Test statistic  Results 

Serial correlation:   0.76[0.55] 

Heteroskedasticity:   0.53[0.44] 

Functional form: Reset F-stat.  0.74 [0.63] 

Normality: Jarque-Bera   4.41 [0.11] 
Source: Values in parentheses are probability values. 

 

The test results show that there is no existence of serial correlation in the ARDL-ECM estimators since the ρ-

value (0.53) is above 5% significance level. Furthermore, the Breusch-Pagan-Godfrey test was employed to 

ascertain if the random error terms are homoscedastic, the results show a ρ-value of (0.44) which is above 5% level 

of significance. The result, therefore, implies that the error terms are homoscedastic. Also, the Jarque-Bera 

normality test was employed to test for normality in the error term. The test results show a ρ-value of (0.11), this 
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implies that the residuals are normally distributed at 1% level. Also, plots of the CUSUM and CUSUMSQ of 

recursive residuals do not exceed the critical bounds of 5% level of significance showing that the long-run 

parameters and the ARDL-ECM model are stable (see Appendix A and B ).  

 

4.6. Marginal Effect of CO2 Emissions on Economic Growth at Different Levels of Financial Development 

This sub-section shows the computation of the marginal effect of CO2 emissions on economic growth at 

different levels of financial development which is presented in Table 6. 

 

Table 6. Marginal Effect of CO2 emissions on economic growth at different levels of financial development. 

Variable Coefficient  ρ. value                  Mean Min  Max 

𝑳𝑬𝑴 -0.07                 0.49             ----------- ----------    ----------- 

𝑳𝑭𝑫 -0.13                  0.02                14.9 8.71 38.4 

𝑳𝑬𝑴 ∗ 𝑭𝑫 0.02                  0.02                (0.21)  (0.09)  (0.64) 
Note* is the interaction term. 
LEM = natural log of emissions. 
LFD = natural log of financial development. 
LEM * FD = natural log of the interaction term of CO2 emissions and financial development. 

 

In Table 6, we include CO2 emissions and financial development interaction to compute marginal effects. The 

coefficients -𝛽1 𝑎𝑛𝑑 𝛽3 are substituted with CO2 emissions coefficient (i.e. -0.07) and CO2 emissions and financial 

development interaction (i.e. 0.02) in Equation 9 as follows: 

𝜕 (𝐿𝑌)𝑡

𝜕 (𝐿𝐸𝑀)𝑡

  =   𝛽1 +  𝛽3  (𝐿𝐹𝐷)𝑡                                                                                                     (9) 

Moreover, from Table 6, the mean (i.e.14.9), minimum (i.e.8.71), and maximum (i.e.38.4) levels of financial 

development are substituted in  (𝐿𝐹𝐷) in Equation 9 in order to obtain the marginal effect of CO2 emissions on 

economic growth at different levels of financial development. The results obtained after computations show the 

marginal effect values for mean (i.e. 0.21), minimum (i.e. 0.09), and maximum (i.e. 0.64) levels, respectively. The 

findings are consistent with the literature (see Ehigiamusoe (2020)). 

 

4.7. Discussion of Results 

The results of the estimation show that financial development (-0.13) has a negative and significant effect on 

economic growth in Nigeria. The inverse relationship between the variables suggests that the financial sector of 

Nigeria has not contributed meaningfully to economic growth during the period under study.  

Furthermore, the results indicate that CO2 emissions and financial development interaction (0.02) are positive 

and show a significant relationship with economic growth at the 10% significant level. This implies that CO2 

emissions promote economic growth when interacting with financial development. It also shows that further 

strengthening of financial sector development will encourage firms and businesses the acquisition of machineries 

that emits less amount of CO2 thereby reducing its negative effect on economic growth. Also, energy consumption 

(0.71) is positive and statistically significant at 10% level. The result signifies that access to energy resources is a 

necessary condition for sustainable economic growth and development.  

In the case of the marginal effect of CO2 emissions on economic growth, the finding implies that at a higher 

level of financial development, CO2 emissions promote economic growth (i.e.0.64) than at a lower level of financial 

development (i.e.0.09). This finding suggests the funding of research and development in the production sector to 

reduce CO2 emissions. It also implies that financial institutions should adequately fund firms to acquire machineries 

that emit less CO2 in order to contribute more to economic growth. The findings are consistent with theoretical 
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insight which states that greater economic activity of developing nations falls within the first phase (scale effect) of 

production where non-renewable energy resources (fossil fuel and gas) form the basis for production thereby 

resulting in higher CO2 emissions (Grossman & Krueger, 1993; York, Rosa, & Dietz, 2003). 

Also, the specification test for the ARDL-ECM model shows that the model is well specified in a linear form, 

hence there is no specification error. It also shows that all variables included in the model are important and none of 

them is omitted. 

 

5. CONCLUSION AND RECOMMENDATIONS 

The purpose of this study is to examine the role of financial development in the relationship between CO2 

emissions and economic growth in Nigeria. The empirical findings using the ARDL estimation approach show that 

financial development has a negative effect on economic growth while CO2 emission and financial development 

interaction has a positive effect on economic growth. Moreover, the estimated results show that CO2 emissions have 

an insignificant effect on economic growth whereas energy consumption has a positive effect on economic growth.   

Based on the study’s findings, the following conclusions can be drawn. First, as the Nigerian economy grows so 

is its level of CO2 emissions, this may be due to the following reasons: inadequate funding for research and 

development towards energy savings and efficiency to reduce the level of CO2 emissions, inadequate funding by the 

financial sector to firms and businesses for the acquisition of machineries that emits lesser amount of CO2 and lack 

of technical know-how with regards to factor inputs combination with lesser CO2 emissions in the production 

process. Second, the adverse effect of CO2 emission on economic growth can be moderated by financial development. 

Third, energy consumption promotes economic growth.  

Furthermore, based on the findings, the study made some recommendations. First, since the economy 

progresses with an increasing level of CO2 emissions, there is a need for the government to employ a clean 

production technology and also to reduce fossil fuels (oil and gas) utilization in order to reduce the level of CO2 

emissions from productive activities to a moderate rate with efficient productivity across major sectors of the 

economy.  

Second, financial development reduces the level of economic growth based on the results obtained. This finding 

suggests that the financial sector has not been very supportive in terms of funding critical and productive sectors of 

the economy. Therefore this necessitates the need for the government to implement policies that will strengthen 

the financial sector in providing efficient financial services towards boosting economic growth. 

Lastly, energy consumption has a positive effect on economic growth. Therefore, the government should 

employ policies that will enhance energy generation, distribution, and consumption from various sources 

(particularly renewable energy resources). This will adequately cater to the need of numerous sectors of the 

economy that depends on energy to operate.  
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APPENDIX. 

Appendix A presents the Jarque-Bera Histogram which is also representation of the normality test. With the 

Jarque-Bera test, degrees of freedom does not depend on the number of observations 
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Appendix A. Jarque-bera normality test. 

 
 

 
Appendix B. Plots of cumulative sum (CUSUM) and cumulative sum square (CUMUSQ) of recursive 
residuals. 

 

The CUSUM recursive residuals test plots do not exceed the critical bounds of 5% level of significance, 

implying that the long run parameters and the ARDL-ECM models are stable as show in appendix Ba while plots of 

the cumulative sum squares of recursive residuals show that the parameters and the ARDL-ECM model are stable 

over the long run as shown in appendix Bb. 
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