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Abstract

Background: The need to understand the causes of CO, emissions has prompted the formulation of
strategies to prevent global warming. Therefore, the purpose of the study was to determine the input
variable that is the most influential in contributing to CO, emissions and at the same time to forecast
the effect of a shock in macroeconomic variables on CO, emissions for 6 leading African countries over
the period of 1970 to 2019.

Methods: In this study, the statistical methods of impulse response function and variance decomposition
techniques of analysis were used.

Results: A one-standard-deviation rise in economic growth leads to an increase in CO, emissions.
A shifts in the square of economic growth increased CO, emissions, the shock was smaller than that
of economic growth. This confirms the theory of environmental Kuznets curve (EKC) in Africa. A
shocks to FDI had a positive influence on CO, emissions. A one standard deviation shock in financial
development had an instantaneous positive impact on CO, emissions. FDI had a greater effect than
other factors in explaining CO, emissions over the short and medium term. In the long run, economic
growth contributes the most to CO, emissions among the explanatory variables.

Conclusion: The findings of the study can be used as a reference for international organizations and
environmental policymakers in forecasting climate change and assisting in policy decision-making.
Africa must boost economic growth through industrial, agricultural, and energy usage patterns and
integrate innovation, research, and technology advances into their developmental agenda to fulfil
sustainable development goals while lowering CO, emissions and their consequences.
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Introduction

The main objective of both advanced and developing
economies is to achieve economic growth and long-term
development. There are various roadblocks in the way of
achieving such a goal. While environmental deterioration
is the most prevalent contentious danger to achieving the
required level of sustainable development, the relationship
between economic growth and environmental degradation
is complicated (1). Environmental degradation is on the
rise due to climate change caused by green house gases

vis-a-vis carbon dioxide emissions (CO, emissions).
These resulted in a slew of issues that include inadequate
water and poor air quality, desert encroachment, low life
expectancy, and high infant and maternal mortality rates
particularly in developing countries (2-4).

There is significant evidence of global warming and
climate change across the globe, and the African continent
is not an exception from the present wave of global
warming. Furthermore, according to recent figures from
the Intergovernmental Panel on Climatic Change (IPCC),
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Africa is more vulnerable to global warming and climate
issues than other parts of the world. In the same vein, there
will be a decline in the number of people having access
to water from 50 to 30% and a 20% drop in agricultural
production across the continent (5). Indeed, two of the
present world’s intended Sustainable Development Goals
(SDGs) which are projected to be achieved by 2030, are
clean energy and a less-polluted environment (6).

The entire cost of climate change because of CO,
emissions is projected to be comparable to a 5% decrease
in the amount of gross domestic product (GDP) per year,
and even 20% if prompt action is not currently taken (7).
The slogans “green economy” and “low-carbon city” are
now popular among developing countries when it comes
to dealing with CO, emissions (8). As a result, many
emerging countries are anticipated to curb their CO,
emissions in the near future (9). It is now acclaimed that
reducing CO, emissions has macroeconomicconsequences
(10). An attempt to limit energy consumption for CO,
emissions reduction has a detrimental effect on economic
growth because energy is a critical input in the production
equation (11). Economic and environmental policies
conflict because of these counter-arguments.

As a result of these opposing viewpoints, a slew of
empirical studies has emerged. The relationship between
environment and economic growth, which attempts to
verify the environmental Kuznets curve (EKC) validity, is
one of several areas of empirical study. According to the
EKC, when income rises, the quality of the environment
would first decrease before improving in the long term
(12). As a result, initially an escalation in economic
growth will boost CO, emissions, but as economic growth
escalates, CO, will deteriorate. The pollution-economic
growth nexus has been the subject of several empirical
research with mixed results (11,13-25).

Economic development is a complicated process that
results in structural changes in an economy. The size and
structure of the financial sector is a significant structural
shift that occurs due to economic development (26).
As a result, leaving financial development out of the
CO, emissions model produces biased and misleading
empirical results (27). Although financial development
has significant environmental implications, its influence
on the evolution of CO, emissions is debatable. Some
academics believe that financial development enhances
environmental quality by lowering carbon emissions.
For example, Awad and Ragab believe that financial
development may attract foreign direct investment (FDI),
a better level of R&D which can enhance economic growth
and improve environmental quality (28). Financial
development mentioned by these researchers allows
developing nations to employ new technology, aid in
clean and environmentally friendly industry, and promote
global and regional environmental sustainability.

On the other hand, some researchers believe that

financial development harms the environment by
increasing CO, emissions. According to the study of
Dogan and Aslan, financial development makes it easier
for individuals and businesses to obtain low-cost credit,
allowing them to purchase large-ticket products and
expand or start new businesses, all of which increase
energy consumption and CO, emissions (29). While
there is a theoretical contradiction between financial
development and CO, emissions, findings from existing
studies are inconsistent and ambiguous. For example,
some empirical studies show that financial development
reduces CO, emissions, thereby enhancing the quality of
environment (30-32), while others show that financial
development increases CO, emissions, and hence,
deteriorate the quality of environment (27,33-35). The
final set of empirical research also shows that financial
development has no significant effect on CO, emissions
(36-38).

So, this question rises that whether the continued
rise of FDI have a beneficial or harmful impact on
the environment. There are currently two conflicting
academic ideas about the environmental consequences
of FDI: The “pollution haven theory” and the “pollution
halo hypothesis”. Walter et al (39) presented the pollution
haven concept that was further expanded upon by other
researchers (40). The pollution haven theory states that
strict environmental laws in rich nations will induce
highly polluting companies to relocate to developing
countries, causing pollution in such countries. As stated
by the theory of pollution halo, FDI gives sophisticated
manufacturing technology and managerial expertise to
developing nations, allowing them to attain cleaner and
greener production and improve global environmental
quality and regional sustainable development capacities
(41). Researchers disagree about the environmental
impact of foreign investment. Some research confirm
the pollution halo theory (42-45), while others confirm
the pollution haven hypothesis (46-48). However, a
decision has not been made yet. Countries have begun
to modify their development techniques and encourage
sustainable development. As land and labor prices have
escalated, and environmental regulations have been strict,
the environmental consequences of introducing foreign
capital are critical considerations.

This work contributes to the literature in several ways,
given the study’s goal. To the best of our knowledge, this
is the first research to evaluate the relationship between
economic growth, financial development, foreign
direct investment, and environmental quality, and offer
reasonable policy suggestions, using a sample of six leading
African countries. Second, there is no consensus on the
exact relationship between financial development and the
environment in the available research due to the many
proxies employed to quantify financial development.
The study contribute to the literature through the
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construction of financial development index using
principal component analysis (PCA) that encompasses
five financial indicators. The present study will cover
the research vacuum. Finally, unlike previous studies
on emissions forecasting, this study uses the impulse
response function (IRF) and variance decomposition to
determine the most influential input variable contributing
to carbon emissions even while forecasting how a shock
in economic growth, financial development, and foreign
direct investment will affect CO, emissions in the short-,
medium-, and long-run for the respective countries. This
will aid in the formulation of a comprehensive, widely
supported policy to decrease ozone depletion and global
warming caused by CO, emissions.

Materials and Methods

The panel vector autoregression (PVAR) method was
utilized in this research. The PVAR combines the
traditional VAR approach, which considers all system
variables to be endogenous, with the panel data which
takes into account undetected individual variation (49).
The empirical model for CO, emissions (I#CO,), economic
growth (InGDI), square of economic growth (InGDP?),
foreign direct investment (InFDI), financial development
(InFD), as well as the variable that is considered as control
form of variable is given in equation 1. According to the
study of Andrews et al. (50), the first-order PVAR was
used to determine the best lag for model selection. As a
result, the first order panel VAR is indicated as follows:

Sit:ﬂi+9(1)Sit—l+vi+¢t+luit (1)
Where the term i=1,2,34,............ N as well as
t=1,2,3,4,. e, T, S,is InCO,, InGDP, InGDP?, InFDI,

InFD, and InEC, as the control variable. Then, 0(I) is
regarded as the endogenous covariates lag machinist, v is
considered as the individual form of specific effect, ¢ is
specified as the fixed form of time effect, and then, p is
termed as the stochastic form of error term.

Because of the country-specific fixed and temporal
impact, employing ordinary least squares (OLS) to
estimate equation 1 would yield contradictory results. To
eliminate the country-specific impact, the first-difference
method is required to estimate equation 1.

AS, = A, +O(1)AS,

it=1

+Av, + A, + A, ()

Where A is regarded as the difference operator, because
the lag of the independent variable is related with the
undetected panel response variable, employing OLS to
estimate equation 2 still would lead to conflicting and
misleading results (51). The IRFs were developed by
Sims (52) to describe how one variable reacts to a shock
in that other variable inside a system while maintaining
all shocks zero value in order to obtain effective and
reliable estimations under such a circumstance (49).
In the model, the panel form of error-term is assumed

to be distributed normally and identical. In reality,
though, because the errors’ true variance-covariance is
improbable to be diagonal, this assumption may collapse
(49,53). It is necessary to breakdown the residual in such
a manner that the shocks get orthogonalized in order to
isolate them to one of the VAR shocks. Depending on the
extent of exogeneity, variables in a VAR should be sorted
recursively (52). As a result, variables that come first in
the ordering have an immediate and prolonged effect on
succeeding variables, but variables that come last have just
a lingering reaction on preceding variables (49).

The analysis is based on the idea that a current CO,
emissions shock has a concurrent influence on economic
growth, FDI, and financial development, but economic
growth, foreign direct investment, as well as financial
development only have a lag effect on CO, emissions.
This is possible since current economic growth, FDI,
and financial development will have an impact on future
CO, emissions, but not on current CO, emissions. As
a result, prior economic growth, FDI, and financial
development have an impact on present CO, emissions.
The CO, emissions came first, then, economic growth,
FDI, financial development, and energy use. In order
to evaluate the IRF, the standard errors of the IRF were
calculated, and Monte Carlo simulations were used to
provide confidence intervals. Decompositions of forecast
error variance were also performed over a 20-year period.

In this study, the variance decompositions (VDC)
analysis was used to examine complicated interactions
between variables in the VAR technique. It determines
how much of the forecast error of one variable is
explained by another. As a consequence, in the context
of this study, it aids in examining the relative degree
of environmental quality in accounting for changes in
economic activities. To assess the economic implications
of VDC findings, the innovation accounting approach is
utilized (52,54-56). The projected error variance of each
variable is decomposed into components owing to its own
innovations as well as shocks from other variables in the
system using this technique.

The data for the study are over the period 1970-2019
for a total of 6 main African countries. The data for CO,
emissions in metric tons per capita, GDP constant USD
2010, as well as net inflow of FDI percentage of GDP
while for the index of financial development lending rate,
market capitalization, broad money supply, domestic
credit to private sector as a GDP percentage, as well as
the domestic credit offered by the banking sector as a
GDP percentage, were sourced from the World Bank
Development Indicators (2021).

Results

The empirical results of the study are reported in this
section that starts with PCA as well followed by VDC and
the IRF analysis.
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Principal component analysis

The studies by Ahmad et al (57) and Hotelling (58) are
credited with the invention of principle component
analysis, while the study of Jolliffe (59) is credited with
the most recent work. This study utilized five factors
as a measure of financial development, as previously
stated. The PCA method was used to create a financial
development index. The study divided a variable into
several components and evaluated how much each
component explains variance in data using PCA. In
PCA, the study is looking for factors expressing the most
information about the variables. The selected five main
components are called Factor 1 (Lr), Factor 2 (Dcp),
Factor 3 (Dcb), Factor 4 (Bmg), and Factor 5 (Mc) based
on the principles of keeping the numbers of components
depending on eigenvalues (60). As seen in Table 1, the
eigenvalue of components 1 and 2 are greater than 1,
which qualified them to be significant factors. These
factors that were incidentally significant will be utilized
to create another vector. In this way, a new variable will
be created that will serve as an indicator of financial
development.

Impulse response analysis

The IRFs and the 95% confidence interval band were
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created using 200 Monte Carlo simulations in this
section. Since the concern of this subsection is to
determine the main driving factor of environmental
quality while considering the role of economic growth,
FDI, and financial development, the analysis of variance
decomposition and IRF focuses on these mentioned
variables. The IRF analysis is performed on the VAR
model, the outcomes are shown in Figure 1, and the time
of the response is 20 years. The lag time of the impact is
defined by the horizontal axis, and the degree of reaction
of the endogenous variable to the impact is represented by
the vertical axis. The inner solid line specifies the effective
response to GDP, FDIL, FD, and CO, emissions when GDP,
FDI, FD, and CO, emissions obtain a standard deviation
at a time. The upper, as well as the lower dashed lines,
specifies the assortment of the impulse response.

The IRF’s findings specifically show that CO, emissions
in Africa have risen along with economic growth over
time and that CO, emissions will continue to rise along
with economic growth over the next 20 years (Figure 1). A
one-standard-deviation rise in Africa’s economic growth
leads to a gradual increase in CO, emissions. As a result,
as the economy rises, emissions will escalate, resulting in
a decline in environmental quality in Africa. Figure 1 also
shows that CO, emissions react positively to economic
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Figure 1. Impulse-response function diagram.

226 |

Environmental Health Engineering and Management Journal 2022, 9(3), 223-232



Jakada et al

Table 1. Results of principal component analysis

Component Eigenvalue Difference Proportion Cumulative
Comp 1 2.561 1.543 0.512 0.512
Comp 2 1.017 0.083 0.203 0.716
Comp 3 0.934 0.571 0.187 0.903
Comp 4 0.363 0.238 0.073 0.975
Comp 5 0.125 - 0.025 1.000

Eigenvectors or Factor Loading

Variable Comp1 Comp2 Comp3 Unexplained
Lr 0.596 -0.084 0.057 0.080
Dcp 0.540 0.122 0.145 0.217
Dcb 0.555 0.008 0.163 0.184
Bmg -0.108 0.895 0.401 0.005
Mc -0.180 -0.420 0.888 0.000

Notes: Lr=Lending rate, Dcb =Direct credit to private, Dcb = Direct credit by
the bank, Bmg=Broad money growth, Mc=Market capitalization.

growth in the short, medium, and long term, though to
differing degrees, which is consistent with the results of
the previous studies (61-63).

Furthermore, an increase in the square of economic
growth has a positive effect on CO, emissions. The pattern
started to turn positive at time horizon one and lasted
until the end of the time horizon. As a result, unexpected
shifts in the square of economic growth have increased
CO, emissions in the region over the short-, medium-, and
long-term runs. However, the resulting shocks are smaller
than those of economic growth, as seen in the second and
third images in the first row of Figure 1. This confirms
the theory of the EKC for Africa. Economic growth is
necessary for every country; however, according to the
EKC hypothesis, every rising economy progresses with
increasing environmental deterioration and emission
until a certain point in time, after which it decreases;
this result is consistent with the findings of other studies
(17,11,64,65).

Similarly, as seen in Figure 1, shocks to foreign direct
investment could have a positive influence on CO,
emissions in the short, medium, and long term. As a
result, a change in FDI inflow increases CO2 emissions in
African countries. The results is confirmed by other studies
(64,66-69) that reported a positive FDI shock boosts CO,
emissions in Turkey. The findings indicate that a one
standard deviation shock in financial development has an
instantaneous positive impact on CO, emissions growth
over all the time horizons, including short-, medium-,
and long-run periods, as shown in Figure 1. In general,
the effect of financial development on CO, emissions is
low and rises slowly, implying that financial institutions’
exposure to the deterioration of environmental quality in
African countries is very slow and weak, which is consistent
with the results of earlier studies (70, 71, 33-35).

Variance decomposition

Although impulse responses may provide information
about the influence of changes in one variable on other
variables, they do not provide information about the extent
or degree of these effects. As a result, this was determined
using the variance decomposition method. The variance
decomposition offers details about the difference in
percentages in the dependent series due to shocks caused
by other variables as well as their shocks. The results of
the variance decomposition that decides which shocks are
the key cause of the predicted fluctuations of the system’s
endogenous variables, are discussed in this section. The
variance decomposition estimates are seen in Table 2, with
a projection period of 20 years. The first to fifth periods
are considered short term, the sixth to tenth periods are
considered medium term, and the eleventh to twenties
periods are considered long term.

The findings of the variance decomposition demonstrate
that, according to the first variance, carbon emissions are
only clarified by their shock, which contributes 100% of
itself. The contribution rate of carbon emissions itself
declines steadily in the short-run (periods 1-5), while
the contribution rates of economic growth, the square
of economic growth, financial development, and foreign
direct investment rise gradually but at a very low rate.
Until the fifth period, carbon emissions have contributed
98.26% of themselves, while economic growth, the square
of economic growth, foreign direct investment, and
financial development have contributed 0.13%, 0.08%,
1.06%, 0.39%, and 0.07%, respectively.

Nevertheless, in the medium-term (periods 6-10), the
influence of carbon emissions to itself declines slowly,
while the influence of economic growth, square of
economic growth, foreign direct investment, and financial
development increase slowly. Until the tenth period,
carbon emissions contributed 95.17% to themselves,
while economic growth, the square of economic growth,
foreign direct investment, and financial production
contributed 1.49%, 0.08%, 2.61%, 0.52%, and 0.12% to
carbon emissions, respectively.

Finally, over a long period (period 11-20), the
contribution rate of carbon emissions to itself declines
steadily, while contributions of economic growth, the
square of economic growth, foreign direct investment,
and financial development increasingly rise. Up to
the twentieth century, the contribution rate of carbon
emissions to itself was 88.07%, with 5.95%, 0.06%, 4.79%,
0.97%, and 0.16% for economic growth, the square of
economic growth, foreign direct investment, and financial
development, respectively.

These findings show that foreign direct investment
has a greater effect than other factors in explaining
environmental quality (CO, emissions) in these leading
African economies over the short and medium term.
Henceforth, in the long-run economic growth contributes
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Table 2. Variance decomposition function results

Variance Decomposition of InCO,,

Period
SE Inco,, InGDP, InGDP ? InFDI, InFD, InEC,

1 0.120947 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000
2 0.166280 99.32987 0.128376 0.066328 0.187521 0.262041 0.025862
3 0.202500 98.95321 0.118240 0.073772 0.472577 0.336649 0.045549
4 0.233236 98.64210 0.091805 0.076770 0.756771 0.371387 0.061163
5 0.260542 98.25507 0.132041 0.078944 1.061113 0.398764 0.074068
6 0.285434 97.77575 0.260057 0.080384 1.376092 0.422313 0.085401
7 0.308513 97.21204 0.472347 0.081245 1.693847 0.445027 0.095490
8 0.330161 96.57971 0.756734 0.081571 2.008833 0.468629 0.104526
9 0.350636 95.89617 1.099034 0.081400 2.316704 0.494052 0.112637
10 0.370114 95.17749 1.485726 0.080785 2.614219 0.521872 0.119910
11 0.388726 94.43739 1.904863 0.079789 2.899081 0.552460 0.126416
12 0.406568 93.68719 2.346291 0.078474 3.169761 0.586064 0.132218
13 0.423714 92.93595 2.801597 0.076900 3.425333 0.622847 0.137372
14 0.440221 92.19075 3.263934 0.075122 3.665346 0.662917 0.141930
15 0.456137 91.45701 3.727812 0.073192 3.889708 0.706337 0.145944
16 0.471502 90.73876 4.188893 0.071152 4.098594 0.753140 0.149459
17 0.486347 90.03893 4.643799 0.069041 4.292380 0.803328 0.152519
18 0.500702 89.35954 5.089947 0.066892 4.471577 0.856882 0.155166
19 0.514592 88.70187 5.525403 0.064732 4.636792 0.913763 0.157437
20 0.528040 88.06668 5.948760 0.062585 4.788694 0.973917 0.159367

the most when compared with the other explanatory
variables, this result is consistent with the results of
other studies (72-74) and many others. These findings
indicate that both income and foreign direct investment
are significant factors that influence the level of CO,
emissions in African countries.

Discussion

The IRFs reveal the existence of the EKC in the main African
countries. The results are stable as all the eigenvalues lie in
the circle, and hence, are good for forecasting and policy
recommendations. To meet sustainable development
goals while reducing carbon emissions and their
impacts, Africa must increase economic growth through
manufacturing, agricultural, and energy use patterns, as
well as integrate innovation, science, and technological
advancement in their developmental agenda.

According to this finding, FDI has a distorting impact
on environmental quality in African nations. The finding
provides strong evidence of the pollution haven hypothesis
for the African sample of countries. To boost the efficiency
of FDI and keep African countries from becoming a
“pollution paradise”, foreign investment activities should
be standardized. Since most African countries’ financial
markets are underdeveloped, the outcome of the study is
predicted and the results are consistent with the findings
of other studies (75, 76).

Furthermore, the financial liberalization policies
of these countries are marked by the inefficiency of

both economies and legal structures, as well as an
inappropriate bureaucratic structure. Both of these
aspects have led to the advent of financial and banking
crises, which have weakened the position of their financial
institutions and compounded their uncertainty (76). As a
result, as it evolves, the financial sector should promote
environmental quality by orienting banking activities
toward the support of renewable energy and low-carbon
ventures.

The role of FDI as a major determinant factor of
environmental quality in early development may be due
to multiple emissions from multinational corporations
in Africa (77,78). This is due to the ability of Africa to
develop its economy by trade openness, which draws
foreign direct investment (79). As a result, several foreign
corporations have entered the region, contributing to
the region’s environmental degradation. As a result,
Africa accepts FDI to improve the continent while
doing nothing to mitigate the detrimental effects on the
climate. Similarly, Antweiler et al (79) reported that the
government of Mali has not done adequate measures to
resolve the environmental problems raised by the FDI in
the country, while other researchers (80,81) stated that the
situation in Nigeria is similar. This limits the ability of the
region to protect the climate. Because of the significant
environmental effects of FDI, policies to attract MNCs
should be checked to determine the environmental
implications of their activities before awarding them any
permits to operate.
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In the long term, from the tenth to the twentieth
centuries, economic growth has been the most important
force affecting environmental quality. The fact that the
bulk of African countries are low-income and lower-
middle-income countries explains why economic growth
plays such a significant role in the long term. Their
income levels are insufficient to improve environmental
conditions when achieving high levels of economic
growth. Industrialization occurs in conjunction with
economic growth, which leads to increased production
and CO, emissions (82).

Because of increased economic growth, per capita
income grows, resulting in buying cars, air conditioners,
and other goods, which increases air emissions, and
thereby, degrades environmental quality. Since economic
growth accounts for a large portion of long-term
fluctuations in CO, emissions, allocating funds to improve
energy production in Africa would help condense CO,
emissions as the economy expands, mitigating the
associated negative environmental consequences.

Conclusion

The relationship between environmental quality,
economic growth, foreign direct investment, and financial
development is well documented. As environmental
quality, economic growth, foreign direct investment, and
financial developmentareallintertwined, integrating these
two streams of literature using an integrated framework
helps avoid variable omission bias or misspecification
and makes solid policy recommendations. In this study,
the IRF and variance decomposition were used for the
first time to determine the most influential input variable
in contributing to CO, emissions and to forecast how
a shock in economic growth, financial development,
and FDI will affect CO, emissions while controlling for
energy consumptions for panel data of 6 main African
economies. The policy implications of this study are
discussed as follows:

The empirical results reveal that a one-standard-
deviation rise in Africa’s economic growth leads to
a gradual increase in carbon dioxide emissions. An
unexpected shifts in the square of economic growth have
been shown to increase CO, emissions in the region over
the short-, medium-, and long-term runs, despite the
fact that the resulting shocks are smaller than those of
economic growth. This confirms the theory of the EKC
for Africa. Shocks to foreign direct investment could have
a positive influence on carbon dioxide emissions in the
short, medium, and long term. A one standard deviation
shock in financial development has an instantaneous
positive impact on CO, emissions growth over all the
time horizons, including short-, medium-, and long-run
periods.

Consequently, this study not only contributes to our
knowledge, but it has also significant policy implications

and provides some suggestions for future research. The
plausibility of EKC for the main African economies
implies that these economies can accomplish ecological
sustainability by implementing green schemes and
guaranteeing sustainable consumption and production
patterns, and these economies should indeed detach their
growth from CO, emissions by implementing sustainable
technology and dissuading the use of non-renewable
sources of energy.

As a result of this conclusion, policies should
concentrate on recruiting clean and energy-efficient
technology through FDIs. Investments that contribute
significantly to long-term development should be a
priority for policymakers. FDI inflows into technology-
intensive and environmentally friendly businesses should
also be encouraged by authorities. This can benefit
the environment while also encouraging economic
prosperity. Stopping businesses that produce significant
quantities of pollutants, such as cement and gypsum,
would be a bold move. Government attention is also
required for monitoring procedures. Polluting businesses
should be audited regularly to verify that they are
adhering to environmental regulations. High emitters
should be penalized, while strong achievers should be
rewarded. Environment-related societal costs should
be included in new investment proposals. Furthermore,
African countries should offer financial incentives to
multinational corporations introducing contemporary
technology that reduces emissions and preserves the
environment of the host country. High emitters might
be subjected to carbon taxes. Higher levels of FDI inflow
should be encouraged by African countries to grow their
economies while maintaining environmental standards
and being competitive.

According to these findings, omitting financial
development from carbon emission models will result
in the underestimation of real CO, emissions, rendering
CO, emission abatement initiatives untenable. Financial
institutions should inspire companies or firms to
participate in ecologically responsible projects, and also,
provide credit at cheaper costs to companies or industries
dedicated to investing in sustainable environmental
projects, while financial development impedes
environmental quality. Businesses and industries should
be required to report on their environmental performance
under future environmental legislation. Environmental
policymakers may employ other policy instruments to
decrease CO, emissions, such as emissions trading or a
cap and carbon emissions tax.

Despite the efficiency of the results produced using
the panel estimate approach, the main limitation of
this study is that its conclusions and policy suggestions
are applicable at the regional level but may not apply to
individual nations. As a result, more research utilizing
time-series data is needed to investigate the nature of
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the relationship between economic growth, foreign
direct investment, financial development, and carbon
emissions. The research work can be carried out in the
future in the following areas. Similarly, this study solely
used CO, emissions as an environmental indicator
due to the lack of data. For a more thorough study and
simulation, several environmental parameters related
to the water environment might be used. Second, the
population and environmental investment indexes may
be included to the models in this study to examine their
influence on environmental quality. Further studies are
required to investigate the institutional framework in
which economic growth, financial development, and
foreign direct investment affect environmental quality in
developing countries.
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