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Taxation and corporate finance in Ghana: how do they affect 
environmental quality?

Paul Adjei Kwakwa 

School of Arts and Social Sciences, University of Energy and Natural Resources, Sunyani, Ghana

ABSTRACT
Countries have greatly depended on taxes and corporate finance to support government 
expenditures and business activities, respectively. However, contrasting arguments on 
their effects on environmental quality prevail in literature. While Ghana’s carbon dioxide 
emissions have seen an upward trend with taxes and corporate finance, their role in 
the level of carbon emissions is uncertain. This paper assesses the effect of tax and 
corporate   finance on Ghana’s carbon dioxide emissions. Time-series data from 1971 to 
2021 from the World Bank were used for analysis. The Autoregressive Distributed Lag 
(ARDL) estimation technique shows that in the short run, tax positively affects carbon 
dioxide emission, while trade openness and government expenditure reduce it. In the 
long run, tax and corporate finance increase carbon emissions. However, urbanization, 
trade openness and government expenditure reduce carbon emissions. Policy wise, 
financial institutions should be motivated to set aside special funds to support green 
activities. In addition, restructuring Ghana’s tax system to have an explicit environmental 
tax meant to reduce carbon emissions is needed. Committing significant portions of tax 
revenues to support research and development towards energy efficiency is necessary 
to attain low carbon economy.

1.  Introduction

The role of taxation and corporate finance remains significant variables in every economy. This is because 
taxation is a major source of government revenue, through which the government embarks on its 
expenses to provide citizens with essential services. Corporate finance also provides firms and investors 
with financial resources for business activities. Thus, without taxation some aspects of socioeconomic 
development may be hampered and without corporate finance, businesses and investors may struggle 
to expand. That notwithstanding, it is commonly argued that tax imposition may pose as a hindrance to 
business growth and reduce wellbeing of individuals. This situation prevails when indirect taxes increase 
the cost of doing business, thereby crippling business and/or making the prices of goods and services 
expensive for citizens (Tanzi, 1982). Direct taxes also reduce consumers’ disposable income.

Aside that, taxation and corporate finance may have environmental quality implications. For example, 
through taxes, the government can raise funds needed for the development and successful implemen-
tation of appropriate policies to protect the environment (Zhang et  al., 2023). Moreover, environmental 
tax has been suggested as a solution to the negative externalities from polluting firms (Smith, 1992). On 
the other hand, when a tax imposition leads to a higher cost of living (Gale & Samwick, 2017) house-
holds may resort to an environmentally unfriendly way of life. Taxes may also increase the prices of 
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imported energy-efficient machines, which may retard the efforts of firms and households to switch to 
energy-friendly machines leading to environmental degradation.

Regarding corporate finance, on the one hand, by providing firms with cheap credit, they can acquire 
energy-efficient machines that reduce environmental pollution. In addition, corporate finance that sup-
ports research and development as well as renewable energy development will promote cleaner envi-
ronments (Kwakwa et  al., 2023). On the other hand, the low interest rate of firms in accessing corporate 
finance may lead to the acquisition of energy-intensive gadgets such as vehicles and air conditions, 
which may increase carbon emissions (Amuakwa-Mensah et  al., 2018; Musah et  al., 2023). In addition, 
when firms expand through access to credit, their dependence on energy of which majority is sourced 
from fossil fuel for production activities can lead to an increase in carbon emission.

Empirical assessment of the environmental effect of taxation and corporate finance has become emi-
nent in recent times where global leaders have sought to tame the pace of carbon emissions. This move 
is to address the issue of climate change and its harmful effects. Despite the growing interest among 
researchers on the drivers of environmental quality in line with sustainable development goals (SDGs), 
empirical studies have yielded conflicting results (Chekouri et  al., 2020; Li et  al., 2023; Lv et  al., 2023; 
Opuala et  al., 2023). This situation calls for further studies to offer more insights into shaping policy 
formulations. In the case of Africa and Ghana, in particular, a relative dearth of analysis on the effect of 
corporate finance and taxation exists in an era where the government of Ghana is eager to have a 
low-carbon economy. The little to no evidence from African countries have developmental implications 
since the differences in economic conditions and systems in Africa and other part of the world may not 
be helpful to rely on the results from these countries to shape policy issues in Africa.

Moreover, several of the studies have focused on the long run effect without presenting the short run 
outcome (Domon et  al., 2022; Hussain et  al., 2024; Ling et  al., 2022; Telatar & Birinci, 2022). This neglect 
may not reveal to policymakers the possible differences in short and long run effects that could be 
associated with policies that affect the level of taxation and corporate finance. More so, not much is 
known empirically about the evolving contributions of tax and corporate funding to carbon emissions 
behavior. Such analysis brings to bear the share of these variables to changes in carbon emissions as the 
years go by.

Given that although African countries’ contribution to the levels of global carbon dioxide emissions 
(the major driver of climate change) is less than 4% (Friedlingstein et al., 2022), the increasing trend in 
recent times have cast doubt on whether many of the SDGs can be realized in Africa. This again presents 
a serious situation since the African continent is the region that is severely affected by climate change. 
The numerous studies on the drivers of environmental degradation especially in Africa are yet to give 
much attention to the effect of corporate finance and taxation (Abokyi et  al., 2021; Chekouri et  al., 2020; 
Degirmenci & Aydin, 2023; Opuala et  al., 2023). Many African countries including Ghana have over the 
years witnessed an increased levels of tax revenue and corporate finance alongside carbon emissions 
(World Bank, 2023). Discussions in many quarters have largely been on economic growth impact of tax-
ation and corporate funding (Takumah & Iyke, 2017; Egbunike et al., 2018; Bekele & Degu, 2023; Adefolake 
& Omodero, 2022; Ho et  al., 2023). As significant as such analysis is, there is equally a pressing need to 
pay attention to the effect of taxation and corporate finance on environmental quality (Mesagan et  al., 
2022) in the country.

From the above, the present study assesses the role of taxation and corporate finance in Ghana’s 
environmental quality. The specific objectives are:

a.	 To assess the short and long run effect of taxation and corporate finance on carbon dioxide emis-
sions in Ghana; and

b.	 To ascertain the share of taxation and corporate finance in the changes of the levels of carbon diox-
ide emissions in Ghana.

The study offers five contributions to the literature. Various tax related issues in developing countries have 
gained attention in recent times (Wahab et  al., 2018; Wahab et  al., 2022; Egbunike et  al., 2018; Ojo & Shittu, 
2023; Agusti & Rahman, 2023). However, the environmental effect of tax in Africa is relatively under investi-
gated. Thus, first, this work contributes to the literature by focusing on a country from Africa where studies 
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on the subject matter are under researched. Second, while a number of studies have focused on the environ-
mental tax effect (He et  al., 2019; Li et  al., 2023; Soku et  al., 2023; Wolde-Rufael & Mulat-Weldemeskel, 2022) 
this study focuses on the  tax on products. The  tax effect on environmental sustainability analysis is crucial 
for developing countries who are compelled to increase taxes to meet the growing expenses of the govern-
ment. Third, the outcome of the study offers further insight on how cautious policymakers should be when 
they are eager to raise taxes for revenue mobilization. Fourth, the paper shifts attention from assessing the 
economic growth effect of corporate finance and tax revenue to the environmental impact in an African 
country. Fifth, cointegration estimation methods to reveal the short and long run effects of taxation and cor-
porate funding are explored alongside a variance decomposition assessment to unravel the share of taxation 
and corporate funding on the changes in carbon emissions over sometime period.

The rest of the paper is structured as follows: in Section 2, the background of the paper is presented; 
Section 3 is on theoretical framework; Section 4 presents a review of related literature and hypotheses 
development; in Section 5, issues related to methodology are presented; in Section 6, the results are 
presented and discussed; and in Section 7, the study is concluded with implications, limitations and 
recommendations for future works.

2.  Background

Comparatively, the tax system in developing countries like Ghana leaves much to be desired, and corpo-
rate finance has not yet advanced as well in these countries. Like many African countries, Ghana’s tax 
revenue is insufficient to support government expenses. This has partly contributed to rising government 
debt (Kamasa et  al., 2022; Ricky-Okine et  al., 2023). Efforts to increase tax revenue by widening the tax 
net have not been successful (Hammond et  al., 2023) and as a result, tax deepening has been resorted 
to by the government.

More so, funding or credit remains a major challenge for corporate firms in Ghana (Amankwaah & 
Baidoo, 2023). Aside from the high interest rate and collateral requirements (Attrams & Tshehla, 2022), 
financial institutions committed to providing financial support to corporate entities have a low capital 
base (Sandow et  al., 2021). The low savings rate in the country (World Bank, 2023) could be another 
reason financial institutions in the country are unable to offer the expected support to firms. However, 
the World Bank (2023) shows that there has been an increasing trend in the amount of support for pri-
vate sector development (corporate funding) from 4.94% of GDP in 1990 to 18.07% of GDP in 2013, and 
it has since dropped to 13% of GDP in 2021.

Ghana is obliged to take actions that enhance the quality of the environment as a signatory to several 
international treaties meant to protect the environment and achieve sustainable development. Despite 
the fact that policies on energy and climate change, including the Renewable Energy Master Plan, the 
National Energy Policy, and the National Climate Change Policy, have been developed, the country is still 
battling various environmental challenges. These include forest degradation, water pollution, indiscrimi-
nate waste disposal, and rising carbon dioxide emissions (Alhassan et  al., 2020; World Bank, 2023). In 
Ghana, carbon dioxide emission, a major contributor to climate change, has more than tripled between 
1994 and 2021 (World Bank, 2023) which is an issue of concern for researchers and policymakers. To 
offer guidelines to shape policy formulation and implementation towards the attainment of a low-carbon 
economy, as outlined in Ghana’s National Energy Policy, empirical analysis of the drivers of carbon diox-
ide emission in Ghana is becoming popular (Abokyi et  al., 2019; Adams & Klobodu, 2017; Kwakwa 
et  al., 2023).

Some analyses in Ghana have examined the effect of business-related activities on carbon emissions. 
Twerefou et  al. (2016) and Abokyi et  al. (2021) found that trade affects carbon emissions in Ghana. 
Owusu and Asumadu-Sarkodie (2016) reported a positive effect of agricultural production on carbon 
emissions, Kwakwa et  al. (2023) obtained a mixed effect of financial indicators of financial institutions, 
and Appiah et  al. (2021) found that industrialization and economic growth influence carbon emissions 
in Ghana.

However, the effects of corporate finance and taxation in Ghana are yet to be subjected to empirical 
scrutiny. It is very important to analyse this issue now, especially when the number of taxes has increased 
over the past years (BBC, 2023; PWC, 2023) and the country’s financial sector has seen some shake up 
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in recent times (Hammond et  al., 2023). A look at the data shows that there is an upward trend in 
Ghana’s carbon dioxide emissions with tax revenue and corporate finance (World Bank, 2023). This sug-
gests a possibility of causation from the latter two. An empirical analysis to unearth the effect tax reve-
nue and corporate finance on carbon emissions will confirm this suspicion or otherwise.

3.  Theoretical framework

Econometric analysis related to the assessment of the drivers of environmental degradation, including 
carbon emissions, has relied on strong theories or models. One of the most common and reliable models 
employed by researchers is the Stochastic Impacts by Regression on Population, Affluence, & Technology 
(STIRPAT) model (Karaka et  al., 2023; Lv et  al., 2023; Ma et  al., 2022; Yu et  al., 2023). This model devel-
oped in the 1990s by Dietz and Rosa (1997) argues that in a stochastic manner the level of environmen-
tal quality is determined by population, affluence and technology.

It stresses that pressure from the population lowers environmental quality, resulting from the need to 
extract more resources from the environment to meet human needs (Adams et  al., 2016). Affluence, on 
the other hand, affects the environment through the consumption and production associated with eco-
nomic growth (Kwakwa, 2023). Technology refers to the methods employed by economies to produce 
goods. It also indicates the socioeconomic characteristics of an economy (Dietz & Rosa, 1997). For the 
sake of empirical assessment, it is important to note that while income has predominantly and in some 
case trade openness (Marfo et  al., 2023) been used to represent affluence, population growth or urban-
ization has been used for population, whereas energy usage, finance development and industrialization 
have often been used for technological progress (Karaka et  al., 2023; Lv et  al., 2023; Yu et  al., 2023). Also, 
most studies on the forces behind environmental degradation for countries have used carbon dioxide 
emissions. The main reason cited has been that it contributes to a greater share of greenhouse gasses 
(Chekouri et  al., 2020; Li et  al., 2023; Lv et  al., 2023; Opuala et  al., 2023; Yan et  al. (2023).

A strength of the STIRPAT model is its ability to allow for the inclusion of other relevant variables, 
especially when technology is extended to include other social, cultural, and institutional dynamics of 
the economy that can affect the environment (Dietz & Rosa, 1997; York et  al., 2003). Consequently, it can 
be argued that corporate finance and taxation could be added to the STIRPAT model. The level of tax 
revenue and corporate finance reflects some economic characteristics of an economy and as a result the 
two are strong enough to measure technology.

The STIRPAT model is appropriate for this investigation because the variables of interest argued in the 
introduction can be justified by the model. Thus, given that Ghana’s carbon emission is rising over the 
years it is appropriate  to adopt this model to unravel the influence of the pace of urban growth, eco-
nomic activities, taxes and some features of the financial sector especially increasing corporate finance.

4.  Literature review and hypotheses development

4.1.  Taxation and carbon dioxide emissions

Although taxation has traditionally been seen as a major avenue for mobilizing revenue for government 
operations, it has emerged as having some environmental quality implications. This is because the gov-
ernment can generate the revenue required to implement clean environmental programs (He et  al., 
2019). However, economic theory suggests that a tax imposition can reduce the disposable income of 
individuals and increase the selling prices (Tanzi, 1982) of environmentally friendly goods. While the 
former can improve environmental quality, the latter can reduce environmental quality.

There could be cases where environmental taxes are imposed to address environmental challenges. 
These include the Pigouvian taxes (taxes on per certain unit of measured pollution output), ‘approxima-
tions’ to Pigouvian taxes (indirect taxes on goods and services that may be environmentally unfriendly) 
and cost-sharing or mutualization (taxes to raise revenue for government expenses on environmental 
protection) (Smith, 1992). Through such taxes, polluting firms’ cost of production increases, and the gov-
ernment raises revenue to implement appropriate environmental policies, eventually reducing environ-
mental pollution, including carbon emissions (He et  al., 2019).
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Some empirical studies have assessed the direction of the effect of tax revenue on environmental 
quality. Halkos and Paizanos (2016) reported that tax revenue helps reduce the carbon emissions of G7 
economies. Also, Katircioglu and Katircioglu (2018) as well as Yuelan et  al. (2022) found revenues from 
taxes improve environmental quality in Turkey; and for the Belt and Road initiative (BRI) regions. Zhang 
et  al. (2022) using data from 48 developing countries found that taxes improve environmental quality.

Other researchers have focused on the effects of environmental tax on the quality of the environment. 
Degirmenci and Aydin (2023) investigated the effects of environmental taxes on environmental pollution 
in selected African countries. Regression results indicate that environmental taxes worsen environmental 
degradation for Cameroon, Ivory Coast, and Mali, but they improve the quality of the environment in the 
case of South Africa. Guo et  al. (2022) assessed the effect of environmental tax on urban pollution in 
China and revealed that air quality has improved as a result of the environmental tax imposition.

Xu et  al. (2023) found that environmental taxes controlled waste pollution in China. Rotimi et  al. (2021) 
found that an environmental tax is helpful in reducing air pollution in the Nigerian economy. Chien et  al. 
(2021) found that, in addition to green energy and eco-innovation, environmental taxes improve the environ-
mental quality of Asian economies. Wolde-Rufael and Mulat-Weldemeskel (2021) also established that envi-
ronmental taxes reduce carbon emissions in emerging economies. Zhang et al. (2023) found that environmental 
taxes reduce the industrial water pollution of firms in China. Sanderson et  al. (2023) noted that carbon taxes 
reduce carbon emissions in the South African economy. However, Pretis (2022) found that carbon tax reduces 
emissions from the transport sector, but not the total carbon emissions of British Columbia.

Although the empirical evidences are mixed, given that tax imposition in Ghana has been associated 
with high cost of doing business and in most cases, consumers bearing the incidence of tax it is hypoth-
esized that:

H1: Taxation increases carbon dioxide emissions.

4.2.  Corporate finance and carbon dioxide emissions

The financial curse theory explains that financial development promotes environmental degradation 
rather than environmental enhancement. This situation occurs when as a result of financial development 
there is cheap financial support for firms to engage in activities that are detrimental to the environment 
(Musah et  al., 2023). Based on this corporate finance may increase carbon dioxide emissions.

Some authors argue that the effect of financial development is dependent on the sector in which the 
funds are pushed. Mesagan et  al. (2022) argued that financial support for industrial expansion would 
imply more energy consumption, leading to increased carbon emissions. However, support for green 
projects would reduce carbon emissions (Kwakwa et  al., 2023). Moreover, financial support for corporate 
companies can reduce carbon emissions when they are financially empowered to purchase energy-efficient 
technology or implement environmentally friendly means of production, distribution, and consumption 
(Musah et  al., 2022). On the other hand, receiving financial support for corporate bodies can whet their 
appetite for energy-intensive products, which will trigger carbon emissions (Kwakwa, 2020).

Divergent reports regarding the environmental effect of corporate finance have been found in the empir-
ical literature. Peng et  al. (2022) found that green credit is helpful in promoting lower emissions from Chinese 
firms. However, Lyu et  al. (2022) found that firms that are highly indebted to financial institutions pollute 
more than those with lower debt to service. Mesagan et  al. (2022) reported that in African countries, corpo-
rate finance increases carbon emissions but moderates the emission effect of the industrial sector. Zhang 
et  al. (2021) established that green credit reduces carbon emissions in the Chinese provinces. Sun and Zeng 
(2023) found that a green credit policy reduces the carbon emission rate of heavily polluting firms. Nwani and 
Omoke (2020) found that credit to the private sector helps reduce the rate of carbon emissions in Brazil, but 
Tsaurai (2019) reported a positive effect of credit to the private sector on carbon emissions.

The prevailing situation in Ghana is that most of the corporate firms are not into renewable energy 
related sector and financial institutions also are quick to support energy intensive business due to their 
profit motive. From this angle, it is hypothesized that:

H2: Corporate finance increases carbon dioxide emissions.
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5.  Methodology

5.1.  Research design and empirical modelling

The study adopts explanatory research design. This is premised on the fact that the study’s objective is 
to analyse the effect of corporate finance and taxation on carbon dioxide emissions. Largely, quantitative 
research approach using time series mechanism is adopted for analysis.

This study adopts the Stochastic Impacts by Regression on Population, Affluence, & Technology 
(STIRPAT) model by Dietz and Rosa (1997) as the foundation for analysis. The import of the model is that 
environmental impact (I) is a function of the level of population (P), affluence, economic (A), and tech-
nology (T). Mathematically, the argument of the model is specified as follows:

	 I a P A T e= . . . .
β λ σ 	 (1)

The variables I,P,A, and T remain as explained earlier, while a, β, λ, σ, δ and e are parameters to be 
estimated. However, given that the environmental issue of concern is the level of carbon dioxide (CO2) 
emissions (CO2E), it is used to replace I. Urbanization (UR) replaces P and by following Marfo et  al. (2023) 
trade openness (TR) replaces A. Dietz and Rosa (1997) argue that technology is the way resources are 
transformed into output, as well as the socio-economic characteristics of an economy. Thus, based on 
the objective of this study, taxation (TX) and corporate finance (CF) are used to capture technology while 
controlling for government expenditure (GE). This leads to:

	 CO E
2
= a UR TR TX CF GE e. . . . . .

β δ σ γ ψ 	 (2)

Taking the natural logarithm of Equation (2) to linearize it for a time-series model gives:

	 L LUR LTR LTX LCF LGE
t t t t t t t

CO E
2

= + + + + + +a β δ σ γ ψ ε 	 (3)

The t denotes the time (years) under consideration.

5.2.  Data and estimation techniques

The data used in this study were obtained from the World Bank (2018) and (2023). While carbon dioxide 
emissions used data from World Bank (2018) and World Bank (2023) the rest of the data came from World 
Bank (2023). Annual time series data for 1971–2021 period is utilized for the assessment. This period was 
chosen because of data availability. Table 1 shows the measurement of each of the variables used.

The proxies for these variables were used in similar studies mentioned in the literature review section. 
The descriptive statistics and correlations of the variables are shown in Table 1.

Time-series data are usually not stationary because they may contain a unit root. An analysis using 
such data may yield inaccurate results. To avoid this problem, econometric analysis requires a unit root 
test to ascertain the stationarity of the variables. When the variables are not stationary at levels, the 
difference term is taken until stationarity is achieved. This study uses three tests to ascertain stationarity. 
These are the Augmented Dickey Fuller (ADF), Philips-Perron (PP), Zivot-Andrew (ZA), and unit root tests. 
The first two tests were among the earlier tests for this analysis. However, their inability to produce 
robust results in the presence of structural breaks led to the emergence of the ZA test.

Table 1.  Measurement of variables.
Variable Description Measurement

Dependent variable
LCO2E Emission of carbon dioxide CO2 emissions metric tons per capita
Independent variables
TX Taxation Taxes less subsidies on products (current US$)
CF Corporate finance Domestic credit to the private sector (% of GDP)
Control variables
GE Government size General government final consumption 

expenditure (% of GDP)
UR Urbanization Urban population (% of total population)
TR Trade openness Trade (% of GDP)

Source: Author’s construction.
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Also, time-series variables tend to be cointegrated (long-run relationships among the series). An 
Autoregressive Distributed Lag (ARDL) cointegration test was employed for this analysis. The strength of 
the ARDL method is its ability to provide better results, even if there is a mixture of integrated variables 
of order zero I (0) or one I (1). Confirmation of long-run relationships among the variables allows regres-
sion analysis to be performed with cointegration regression techniques. The study uses the ARDL 
method to analyse the short and long run effects of corporate finance and tax on carbon dioxide 
emissions.

The ARDL framework is given as below:

	

∆ Σ ∆ Σ ∆ Σ ∆ Σ ∆
Σ

L CO E CO E LUR LTX LTR
t i t i t i t i t i2 1 2 1 1 1
= + + + +
+
δ Ω α β θ
λ

− − − −

111 1 1 2 2 3

4

∆ Σ ∆LCF LGE LCO E LUR LTR

LTX

t i t i t i t i t i

t

− − − − −

−

γ σ σ σ
σ

+ + + +
+

ii t i t i t t
LCF LGE ECT+ + + +σ σ υ µ− − −5 6 1 1 1

	 (4)

where δ1 is the intercept and µ1t is error term; the short-run effects are denoted by the terms with 
the summation sign; the terms with σ are the long-run outcomes; ECTt-1 is the error correction term 
with coefficient ʋi representing the speed of adjustment to long-run equilibrium and Δ is a difference 
operator.

To ensure the robustness of results diagnostic analysis from the ARDL approach will be performed. In 
addition to that, other cointegration regression techniques namely the Fully Modified Ordinary Least 
Squares (FMOLS) and Canonical Cointegrating Regressions (CCR) will be used to assess the long run 
effects. The details of the mechanisms under which these methods work can be inferred from Park Joon, 
Phillips and Hansen (1990), and Pesaran and Shin (1995).

After assessing the effect of each variable on carbon emissions, the variance decomposition analysis 
will be employed to ascertain the contribution of each of the explanatory variables to the levels of car-
bon emission over the study period (Table 2).

6.  Results and discussion

6.1.  Results on unit root and cointegration analysis

The stationarity analysis of the variables, as shown in Table 3, suggest that the variables are stationary 
at different orders. For instance, ZA, ADF, and PP show that government spending is stationary at levels, 
ZA indicates that urbanization is stationary at levels, and the remaining variables are stationary at first 
difference. Thus, the variables are a mixture of I(0) and I(1), which is necessary for the regression analysis. 
In Table 4, the cointegration analysis confirms that the variables have a long-term relationship. Thus, 
cointegration is confirmed between carbon dioxide emission and the regressors, suggesting that in the 
long run, carbon dioxide emissions in Ghana can be influenced by tax revenue, corporate finance, gov-
ernment expenditure, urbanization, and trade openness.

Table 2.  Variables descriptive statistics and correlation.
L CO2E LCF LGE LUR LTX LTR

Statistics
Mean −1.181408 2.016084 2.316534 3.692741 19.93321 3.904332
Median −1.256474 2.169929 2.332650 3.701703 20.16574 4.117198
Maximum −0.452935 2.894348 2.728386 4.037898 22.33022 4.754008
Minimum −1.820955 0.589092 1.868895 3.373278 15.77683 1.843774
Std. Dev. 0.354758 0.707397 0.219188 0.219706 1.705400 0.631598

Correlation
LCO2E  1.000000
LCF  0.744038 1.000000
LGE  −0.484528 −0.103214 1.000000
LUR  0.762460 0.799542 −0.393542 1.000000
LTX  0.810536 0.750898 −0.256997 0.733219 1.000000
LTR  0.430132 0.824405 0.115051 0.751904 0.491435 1.000000

Source: Author’s construction.
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6.2.  Results on regression and variance decomposition analysis

6.2.1.  Long and short run effects
The ARDL results in Table 5 reveal that, in the short run, corporate finance, urban growth, tax revenue, 
and trade openness influence carbon emissions in Ghana. Specifically, while urbanization and tax increase 
carbon emissions, trade openness and corporate finance decrease emissions. A one percent increase 
corporate finance and trade openness leads to about 0.32 and 0.36% reduction in carbon dioxide emis-
sion respectively. On the other hand, when tax revenue and urbanization increase by one percent, car-
bon dioxide emission increases by 0.10 and 31.2% respectively. The effect of government expenditure is 
observed to be insignificant although it has a positive coefficient. The error correction term ECT(−1) 
captures the speed of adjustment from disequilibrium to equilibrium. The coefficient of −0.27 indicates 
that there is approximately 27% speed of adjustment to equilibrium. The negative value further confirms 
the long-run relationship between carbon emissions and explanatory variables.

In the long run, evidence from ARDL in Table 6 shows that urbanization, government expenditure, 
trade openness, corporate finance, and tax have significant effect on carbon dioxide emissions. A positive 
effect is seen from corporate finance and tax whereas government expenditure, urbanization and trade 
openness reduce emissions. For corporate finance, any one percent increase leads to 0.71% of carbon 
dioxide emission in the long run. With tax a one percent increase causes carbon dioxide emissions to 
increase by 0.38%. For government expenditure, trade openness and urbanization, whenever it witnesses 
a one percent increase, carbon dioxide emissions reduce by about 1.1, 0.49 and 2.41%, respectively. It is 
observed that the effect of the variables is more inelastic in the short run than the long run period.

6.2.2.  Diagnostic and robust analysis
The results from the ARDL regression analysis are subjected to scrutiny to ensure robustness. The nega-
tive coefficient of the error correction term ECT(−1) shown in Table 6 confirms the long-run relationship 

Table 3. U nit root results.

Variables

At levels T-statistics (break point period) At first difference T-statistics (break point period)

ADF PP ZA ADF PP ZA

LCO2E −0.404 −0.029 −3.864 (1984) −8.478*** −8.321*** −7.100*** (1993)
LCF −1.030 −1.159 −4.073 (1996) −6.437*** −6.425*** −8.479*** (1984)
LGE −3.088** −3.180** −4.751** (1992) −5.822*** (1984)
LUR −0.851 0.467 −5.580*** (1985) −0.397 −1.347
LTX −2.385 −2.440 −3.973*** −6.094***
LTR −1.789 −1.944 −3.255 (1986) −5.868*** −5.718*** −7.968*** (1983)

***Significant at 1%; **significant at 5%.
Source: Author’s estimation.

Table 4.  Cointegration results.

Significance (%)

F-statistic = 5.681535

Lower bound (%) Upper bound

10 10 2.26
5 5 2.62
2.5 2.5 2.96
1 1 3.41

Source: Author’s estimation.

Table 5. A RDL short run results (dependent variable = LCO2E).
Variable Coefficient Std. error t-Stat Prob.

Independent variables
D(LCF) −0.323825 0.075006 −4.317313 0.0002
D(LTX) 0.100823 0.025444 3.962557 0.0004
Control variables
D(LGE) −0.134045 0.086651 −1.546967 0.1327
D(LUR) 31.235714 9.244757 3.378749 0.0021
D(LTR) −0.364861 0.096187 −3.793236 0.0007
Diadnostic variable
ECT(-1) −0.273782 0.091159 −3.003340 0.0055

Source: Author’s estimation.
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between carbon emissions and explanatory variables. The diagnostic tests in Table 7 show that the car-
bon dioxide emission model is free from the problems of non-normality, non-stability, heteroscedasticity, 
and autocorrelation because the Jarque-Bera, Ramsey RESET, ARCH, and Breusch-Godfrey tests reject the 
null hypothesis of non-normality, non-stability, heteroscedasticity, and autocorrelation. Figures 1 and 2 
further demonstrate that the model is stable and robust. Consequently, the model is reliable for guiding 
policy formulation.

Results from the FMOLS and CCR methods (Table 8) also show all the explanatory variables except 
urbanization have significant effect on carbon emission. A positive effect is witnessed from corporate 
finance and tax confirming the ARDL outcome. Also, government expenditure and trade openness exert 
negative effect on carbon emission while urbanization has a positive although it is not significant statis-
tically. The above results to a large extent support the evidence from the ARDL.

6.2.3.  Variance decomposition analysis
The results of the variance decomposition analysis to assess the extent to which each variable in the 
model affects carbon dioxide emission within the study period are reported in Table 9. The observation 
from the results is that over the period, the impact of each variable has been moderate, although many 
seem to witness an increasing trend regarding their contribution. For instance, in period five, the share of 
corporate finance increased from 6.67 to 13.1% in the twentieth period and 14.9% in the thirty fifth period. 

Table 6. A RDL long run results (dependent variable = L CO2E).
Series ARDL

Coefficient Std. error t-Stat

Independent variables
LCF 0.712*** 0.159 4.465
LTX 0.382*** 0.056 6.821
Control variables
LGE −1.066*** 0.306 3.483
LUBS −2.410*** 0.549 4.389
LTO −0.419** 0.162 2.586
C 1.324 1.427 0.927

***Significant at 1%; **Significant at 5%.
Source: Author’s estimation.

Table 7.  Post regression diagnostic results.
Diagnostic Test Statistic Probability

Heteroskedasticity Test ARCH F-stat.= 2.44 0.13
Serial correlation Breusch-Godfrey F-stat.= 1.62 0.23
Normality Jarque-Bera JB = 3.51 0.17
Stability Ramsey RESET F-stat= 0.63 0.53

Source: Author’s estimation.

Figure 1.  CUSUM results of model stability. Source: Author’s estimation.
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By the fiftieth period its share to carbon emission has reached 16.36%. Within the same period, the share 
of tax moved from 4.71% to 9.55%, 9.81% and finally to 13.03%. For urbanization its effect increased from 
0.003% to 1.57% to 3.44%. The variable with the highest impact is urbanization, followed by corporate 
finance, tax revenue, trade openness and government expenditure have the least impact.

6.3.  Discussion on the role of taxation and corporate finance

The short run and long run positive effect of tax on carbon dioxide emissions in Ghana indicates that 
increasing taxes may be environmentally unfriendly in the country. Thus, high taxes may harm the 
quality of the environment instead of protecting it. A comparison of the coefficients shows that the 
short run effects are more inelastic than the long run effects. The relatively larger coefficient in the long 
run supports economic theory of elasticity. Thus, in the long run economic agents have ample time to 
respond to changes in tax yielding a greater effect that in the short run. In all, researchers have 

Figure 2.  CUSUM of squares results of stability. Source: Author’s estimation.

Table 8.  FMOLS and CCR long run results (dependent variable = LCO2E).

Series

FMOLS CCR

Coefficient Std. error Coefficient Std. error

Independent variables
LCF 0.339*** 0.092 0.331*** 0.078
LTX 0.063** 0.025 0.062** 0.024
Control variables
LGE −0.332** 0.161 −0.344 0.173
LUBS 0.533 0.289 0.542 0.294
LTO −0.261** 0.098 −0.251** 0.111
C −3.303*** 0.991 −3.321*** 0.971
Adj-R2 0.83 0.83

***Significant at 1%; **significant at 5%.
Source: Author’s estimation.

Table 9.  Results of variance decomposition analysis.
  Period S.E LCO2E LCF LGE LUR LTX LTR

  1   0.093696   100.0000   0.000000   0.000000   0.000000   0.000000   0.000000
  5   0.133884   81.01835   6.674802   4.160977   1.574811   4.714464   1.856594
  10   0.140140   75.05331   8.443218   3.981062   3.448986   6.281062   2.792363
  15   0.145076   70.24914   10.56916   3.898949   3.326390   7.876747   4.079617
  20   0.150970   65.04802   13.17515   3.677245   3.390445   9.548045   5.161091
  25   0.156454   60.66827   14.94140   3.451690   4.785744   10.37912   5.773773
  30   0.161337   57.11047   15.46732   3.248472   8.011438   10.34662   5.815686
  35   0.166117   53.88188   14.88334   3.103595   12.79832   9.811787   5.521078
  40   0.172399   50.03506   14.01552   3.030640   17.94252   9.569193   5.407062
  45   0.182513   44.71152   14.18819   3.008086   21.48894   10.52944   6.073813
  50   0.198539   37.95775   16.36320   2.981458   21.92313   13.02565   7.748816

Source: Author’s estimation.
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expressed that a tax imposition meant specifically for environmental protection can reduce environ-
mental pollution, as reported in the empirical works of Alper (2017) for European countries, Zhang 
et  al. (2023) for China and Sanderson et  al. (2023) for South Africa but Pretis (2022) found some con-
tradictory results for British Columbia. However, the results of this study suggest that tax imposition 
meant for raising revenue for the government may trigger environmental degradation through carbon 
dioxide emissions.

The observed outcome could be that high tax rates in the country place burdens on firms and indi-
viduals. As such, they are unable to access environmentally friendly goods for production or consump-
tion activities. In addition, the positive effect of taxes on carbon emissions in Ghana could be linked to 
the fact that taxes in the country are largely not meant to address environmental challenges. Thus, while 
individuals and firms may be complaining about the economic cost of taxes in the country, the results 
reveal that taxes in the country have detrimental environmental effects as well. This finding is consistent 
with that reported by Ren et  al. (2021) and Pretis (2022) and it confirms hypothesis 1.

The results revealed that corporate finance has a positive effect on carbon dioxide emissions in the 
long run but a negative effect in the short run. However, like the effect of taxation, the short run effect 
of corporate finance is more inelastic than the long run effect suggesting that the long run period allows 
corporate bodies ample time to use funds from financial institutions in ways that increase carbon emis-
sions while in the short run the reverse occurs. This means that as more funds are given to corporate 
bodies for their activities, it helps to initially reduce carbon emissions when perhaps corporate bodies 
are able to access energy efficient tools for production (Alhassan et  al., 2022). However, in the long cor-
porate finance increasing environmental degradation through carbon emissions may be attributed to 
several reasons, including the fact that firms may have cheaper access to credit for expansion, which 
causes them to use more energy. In addition, easy accessibility to credit might have caused corporate 
entities in the country to purchase extra energy-intensive technology (Amuakwa-Mensah et  al., 2018; 
Musah et  al., 2023).

Furthermore, although financial institutions in the country might have increased corporate loans, the 
loans have not been directed towards firms that support clean energy production. This supports the 
financial curse proposition. As espoused by Kwakwa et  al. (2023), because financial institutions are 
profit-oriented, they would prefer to support dirty industries that have a short-term capacity to pay back 
rather than firms that are in renewable energy and clean technologies that are associated with long-term 
returns. This could explain why green finance is low in the country (Owusu-Manu et  al., 2021). The find-
ings are in line with those of Tsaurai (2019) and Mesagan et  al. (2022). In the long run the results sup-
ports hypothesis 2.

6.4.  Discussion on the role of trade, urbanization and government expenditure

Trade openness reduces carbon dioxide emissions in both the short run and long run periods. Trade 
openness promotes competitiveness and transfer of technologies that can lower the rate of carbon emis-
sions (Chhabra et  al., 2022). The positive effect of trade openness sends a signal that Ghana’s engage-
ment with the international community in terms of trade to be more affluent as a nation helps promote 
environmental quality.

Urbanization is found to exert a negative effect on carbon emissions in both short- and long-run 
periods, indicating that it is helpful in promoting environmental quality in Ghana. Ghana’s urban popu-
lation and towns continues to increase (Adams & Klobodu, 2017; World Bank, 2023). Although one would 
have thought this could lead to higher carbon dioxide emissions, the observed finding can be attributed 
to the compact city theory or the economies of conglomeration. Studies by Adebayo and Ullah (2024) 
and Yan et  al. (2023) have found similar outcomes.

Government expenditure reduces carbon emissions in both the short and the long run. Recently, 
Ghana’s expenditure trend has raised eyebrows among Ghanaians, especially when it has partly led to 
higher public debt. Media discussions have centered on the economic effect of such high expenses, with 
little attention given to environmental costs (Kwakwa, 2022). However, the results indicate that the gov-
ernment of Ghana’s expenditure has some environmental quality-enhancing effect, as found in other 
studies such as Xi et  al. (2023), Wu and Song (2023), and Azam et  al. (2023).
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7.  Conclusion and policy implications

7.1.  Conclusion

Achieving a low-carbon economy is a global agenda to address climate change. Both developing and 
developed countries have played a role in the realization of this dream. Therefore, researchers have 
sought to identify the driving forces behind carbon dioxide emissions. Various factors have been con-
sidered in previous studies. However, despite the possible carbon emission effects of taxation and cor-
porate finance mentioned in the literature, empirical analysis of the same is limited in African, especially 
for Ghana. Given that the government of Ghana has increased taxes and the pace of corporate finance 
from financial institutions is increasing, this study analyzed how the two can influence the low-carbon 
economic agenda in the country. Based on the STIRPAT model and relying on data from 1971 to 2021, 
carbon emissions were modelled as a function urbanization, government expenditure, trade openness, 
corporate finance, and taxation. Regression from ARDL, FMOLS, and CCR provides evidence of a 
long-term positive influence of taxation and corporate finance. However, trade openness, urbanization 
and government expenditures have carbon emission-reducing effects in the long term. In the short run, 
trade and corporate finding reduce carbon emissions while tax has the opposite effect. Also, the effect 
of the short run is more inelastic than the long run effects. A variance decomposition analysis shows 
that over the period urbanization, corporate finance, tax revenue are the top three factors influencing 
changes in the level of carbon emissions. Overall, it is deduced that efforts to address carbon dioxide 
emission needs to pay attention to taxation, government spending, trade openness and corporate 
finance.

7.2.  Implications

The implications of the results are as follows.
Theoretically, this study contributes to the robustness of the STIRPAT model as a predictor of the 

environmental quality. This emerges from the significant effects of the variables in the regression results 
as well as the outcome of the post-regression diagnostic analysis. Therefore, it is important for research-
ers to pay attention to taxation and corporate finance in their analysis of the drivers of carbon dioxide 
emissions. Towards the attainment of SDGs the results imply that taxes and corporate financing have a 
crucial role to play.

The industrial or practical implication is that the more financial firms provide credit support to corpo-
rate firms, the lower the environmental quality. Therefore, it is necessary for financial institutions to be 
circumspective when providing financial support. It would be appropriate if they reconsidered environ-
mental sustainability along with their profit motives. In such cases, they will balance giving credit to 
environmentally polluting firms yet very profitable to service their loans in a short period of time with 
environmentally clean firms that require longer time to service their loans. Financial institutions should 
also be motivated to set aside special funds to support green activities.

Tax revenue noted to increase carbon emissions means that the more tax is imposed to raise revenue, 
the more environmental quality is reduced via carbon emissions. Owing to its importance in the growth 
and development process, it may be difficult to abandon taxes completely in the country. Rather, there 
should be reforms or restructuring of the tax system. Therefore, it is important to ensure that the tax 
imposition that triggers environmentally unfriendly behavior is reduced. Since Ghana does not have an 
explicit tax on carbon emissions, it is about time that the option is pursued to reduce carbon emissions. 
Portions of tax revenues may be channeled to areas such as research and development as well as tech-
nological innovation that would reduce energy intensity and improve environmental quality.

Government expenditure reported to reduce carbon emissions in the long run signals that expendi-
ture by the government has been environmentally friendly and needs to be continued although initially 
it may not yield significant effect. It is important for the government to have robust checks and balances 
to ensure that its spending pattern does not negatively influence the environment. In the case of urban-
ization, although it currently helps to reduce carbon emissions, there should be innovative ways of 
reducing traffic congestion in urban towns. Carpooling is not a common feature in urban Ghana. 
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Authorities should encourage this practice to ensure that urban growth continues to reduce carbon 
emission. Trade policies in the country must be aligned with environmental quality. This will contribute 
to ensuring that trade openness helps reduce carbon emissions in the country.

7.3.  Limitation and suggestions for future studies

This study has some limitations that future studies should consider. The analysis carried out in this study 
uses the  credit given to the private sector. In the future, when data become available, a disaggregated 
analysis should be conducted to ascertain how corporate finance in specific sectors affects carbon 
emissions.

The availability of data in the future should also warrant studies that examine how various taxes in 
the country affect other forms of environmental degradation, including water pollution, deforestation, 
and indiscriminate waste disposal. Other analyses can focus on how various taxes in a country affect 
carbon emissions. Further studies can address the effect of taxes on carbon emissions emanating from 
various sectors, such as the residential, industrial, and transport sectors. In addition, since the study 
focused on aspects of fiscal policy in Ghana, future studies could consider the carbon emission effects 
of monetary policy.
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