
Journal of Environmental Protection, 2023, 14, 903-918 
https://www.scirp.org/journal/jep 

ISSN Online: 2152-2219 
ISSN Print: 2152-2197 

 

DOI: 10.4236/jep.2023.1411050  Nov. 27, 2023 903 Journal of Environmental Protection 
 

 
 
 

The Effect of Foreign Direct Investment on Air 
Pollution in the Economic Community of West 
African States Region: What Influence Does Tax 
Expenditure Have? 

Symphorien Zogbassè1 , Ahouidji Tanguy Agbokpanzo1 , Kuessi Prince Houssou1* ,  
Tiburce André Agbidinoukoun2 , Alastaire Sèna Alinsato1  

1Public Economics Laboratory (LEP), University of Abomey-Calavi (UAC), Abomey Calavi, Benin 
2Western Economy and Management Laboratory (LEGO), University of Western Brittany (UBO), Brest, France 

 
 
 

Abstract 
Air pollution is one of the crucial environmental challenges facing the coun-
tries of the Economic Community of West African States (ECOWAS). The 
objective of this paper is to examine the effect of an attractive tax policy on 
the relationship between Foreign Direct Investment (FDI) and air pollution 
in ECOWAS region over the period 2000 to 2019. By using the Ordinary 
Least Squares (OLS) method and panel data analyses (fixed effects and ran-
dom effects), the results show that, in general, FDI does not have a significant 
effect on air pollution in the region. However, closer analysis reveals that an 
interaction between FDI and an attractive tax policy has a negative effect on 
air quality, leading to an increase in air pollution. Thus, companies attracted 
by tax incentives may not meet rigorous environmental standards. These re-
sults highlight the importance for policymakers to balance economic incentives 
with environmental protection in ECOWAS. Attractive tax policies can stimu-
late investment, but they must be designed in a way that encourages environ-
mentally friendly practices, thereby helping to improve air quality in the region. 
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1. Introduction 

Globalization is considered both a factor of economic prosperity and a source of 
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environmental degradation and loss of market share [1]-[7]. In fact, it has led to 
the relocation of capital flows and multinational firms, whose aim is to see their 
disposable income rise more and more in certain territories. For [8] and [9], in 
addition to its role as a growth factor in developing countries, foreign direct in-
vestment (FDI) is seen as a means of transferring new technologies between 
countries, particularly from developed to developing countries. FDI promotes 
the economic development of host countries and helps countries reduce their 
development lag [10]. This has been demonstrated by a significant increase in 
FDI flows to developing countries. Thus, because of the benefits of FDI, it is the 
particular focus of major economic concerns for both developed and developing 
countries. A number of economic policy instruments, such as fiscal policy, go-
vernance, infrastructure and major works, strive to attract FDI. However, the 
presence of FDI is not without consequences for the environment. In Africa, 
countries with a high volume of FDI are generally those rich in natural resources 
such as metals, precious minerals, gold and oil reserves. But natural resources 
are not the only determining factor in the emergence of FDI. 

The economic literature has not remained aloof from the analysis of the effect 
of FDI on the quality of the environment and also the role of fiscal policies, in 
this case tax competition, in this relationship. Two theoretical hypotheses col-
lide: the pollution haven hypothesis (HHP) and the pollution halo hypothesis. 
The HHP considers FDI to be vectors of pollution. The emergence of FDI would 
depend on regulatory conditions in terms of environmental quality control with 
a favourable profit differential [11] [12]. This hypothesis raises two major eco-
nomic and legal concerns, the first of which is the weakness of the host country’s 
state standards as a factor mobilizing FDI, which would result in lower costs for 
the FDI to clean up. The second is the host country’s ability to clean up pollution 
on its own, in which case FDI becomes the price to pay for development. On the 
other hand, the pollution halo sees FDI as a contributor of depollution technolo-
gies and equipment with low-carbon production processes [12] [13]. Thus, the 
attractiveness of FDI is linked to economic incentives. On the other hand, some 
voices are indifferent to the relationship between FDI and environmental quality 
[13] [14] [15]. 

When these hypotheses are tested, the results are highly controversial. Some 
studies prove the existence of environmental degradation [10] [16], while others 
show the influence of FDI in curbing environmental degradation [10] [17]. 
However, many studies remain ambiguous about the influence of FDI on air 
pollution. 

Given the pre-eminence of economic issues over pollution, it is not unpleasant 
to explore the relationship between FDI and air pollution. To this end, this ar-
ticle sets out to analyze the effect of FDI on air pollution, while taking into ac-
count the contribution of tax expenditure to the FDI-air pollution link. The 
added value of this article is twofold. On the one hand, it provides an account of 
the effect of the behaviour of ECOWAS governments in attracting FDI on pollu-
tion and, on the other, it contributes to enriching the empirical analysis of the 
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causal link between FDI and air pollution.  
The rest of the paper is organized as follows: In the next section, we provide 

an overview of the literature, then in the third section we discuss the methodol-
ogy. The fourth section presents the results and in the last section we draw con-
clusions. 

2. Literature Review 

There are two competing theories on the relationship between FDI and air pol-
lution. These theories expose the virulent controversy between capital flows and 
air pollution. There is the theory relating to the behaviour according to which 
FDI are vectors of atmospheric pollution according to the “pollution harbour 
hypothesis (PHH)” of [18] [19]. The latter explain how air pollution has cap-
tured the interest of economics. According to these authors, the displacement of 
capital flows and therefore of FDI in certain regions, particularly developing 
countries, is due to the rigorous control of environmental standards in devel-
oped countries. The control of environmental standards generates costs when 
the level of pollution exceeds regulatory standards. This relocation to countries 
with outdated or less stringent regulations enables them to reduce the costs as-
sociated with pollution control. However, this behaviour degrades the environ-
ment in the host countries. They consider that the volume of pollution varies 
according to whether it results from the effects of FDI (gains in trade revenues) 
or from a country’s economic growth. In their analysis, they distinguish between 
the effects on atmospheric pollution of trade techniques, and therefore of FDI, 
and those of economic growth, and conclude that international trade exacerbates 
the degree of pollution. 

This theoretical analysis is controversial because of the pollution halo hypo-
thesis [20]. According to this view, FDI is seen as beneficial and responsible in 
terms of controlling environmental standards. It believes that multinational 
firms and FDI comply when environmental standards and requirements are 
strict in the host country. In fact, FDI equips itself with effective pollution con-
trol techniques and complies when environmental standards and requirements 
are strict in the host country [10]. 

Furthermore, [21] considers that economic policy has a particular influence 
on environmental degradation through fiscal policy (public spending and fiscal 
policy). Fiscal policy plays a multiple role in economic activity. On the one hand, 
it plays a role in regulating economic activity [22] [23], and on the other hand, it 
plays a competitive role [7] and a role in the attractiveness of territories. Thus, it 
allows subsidies or exemptions and through this role, it facilitates the correction 
of a number of behaviours of economic players. Indeed, the effect of tax policy 
on air pollution can be negative if it is accompanied by a subsidy scheme [24]. 
When subsidies are high, they stimulate production (by reducing marginal 
costs), whereas they should help firms to research pollution control techniques. 
As a result, subsidies do not help to reduce pollution but exacerbate the intensity 
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of pollution per unit of production.  
On the competitive aspect, [25] consider that because governments are rated 

politically by economic performance scores, they have a preference for economic 
growth to the detriment of environmental quality. Through fiscal behaviour, 
governments compete to retain or attract FDI to their territory. It is therefore 
[26] task to point out that the ability of governments to impose regulations with 
the sole aim of affecting the behaviour of companies by making them relocate 
the pollution device. This change in the behaviour of firms due to government 
incentives leads to high levels of pollution abatement costs for neighbouring 
countries [24]. 

Empirical testing of the pollution haven and pollution halo hypotheses leads 
to several controversial results. Indeed, [10] studies the relationship between FDI 
and carbon intensity over the period 1990 to 2013 in 188 countries. Using a dy-
namic panel model, the results show that FDI has a significant negative impact 
on the carbon intensity of the host country. On the other hand, a combination of 
data such as fossil fuels, industrial intensity, level of urbanisation and trade 
openness in the model gives a positive impact of FDI on carbon intensity. The 
inclusion of high-income countries and middle- and low-income countries in 
the model shows that FDI also has a negative and significant impact on coun-
tries’ carbon intensity. [27] tests the existence of the pollution haven hypothesis 
on a panel of 5 Association of Southeast Asian Nations (ASEAN) countries over 
the period 1981 to 2010. The estimation results show that FDI positively affects 
the level of pollution intensity. These results are consistent with those found by 
[16] [28]. [29] study the effects of FDI and government spending on environ-
mental pollution in Korea over the period 1970 to 2018. Their result shows that 
FDI leads to an increase in per capita carbon dioxide emissions. 

[30] use a spatial econometrics approach to study the link between local taxa-
tion and environmental pollution in a panel of 31 provinces in China over the 
period 2003 to 2017. The environmental pollution index and the environmental 
regulation index are two types of pollution index. The Durbin Spatial Model is 
used with a Moran I Index to capture the positive spatial distribution of envi-
ronmental pollution. Tax expenditure and tax revenue are used as an indicator 
of local taxation and the space factor is captured by the distance weighting ma-
trix and the mixed economic distance matrix. While tax competition between 
provinces is suspected, the estimation results show a positive correlation be-
tween local taxation and environmental pollution. This is confirmed by the fact 
that FDI significantly affects environmental quality, with a coefficient of 0.4. 
This influence of FDI exacerbates the level of environmental pollution and con-
firms the pollution haven hypothesis. Furthermore, a spatial shift in FDI has a 
positive influence on environmental pollution. This means that FDI in China has 
a high pollution intensity with a significant pollution drag effect. On the other 
hand, an interaction between local taxation and FDI has a negative influence at 
the 1% threshold. This indicates that FDI behaviour under the decentralisation 
system reduces environmental pollution. This influence reveals that the more 
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local governments when they gain financial autonomy, they harden environ-
mental quality control in order to reduce the pollution level. [28] use a spatial 
approach to test the pollution haven hypothesis in China and Korea. [29] found 
that FDI positively influences CO2 emissions in ASEAN. Alluding to the role of 
fiscal policy in influencing FDI on pollution, [31] empirically examine the effects 
of fiscal policy instruments on environmental quality and find a negative influ-
ence of fiscal policy on environmental quality in 10 Asian countries. Their study 
highlights the link between fiscal policy instruments and carbon emissions over 
the period 1981 to 2018. However, they make no mention of the cross-influence 
with FDI. Using an ARDL model, they show that any shock to government rev-
enue has a negative impact on carbon emissions in these economies. 

While some studies find a positive influence of FDI on environmental pollu-
tion, others find a negative effect of FDI on pollution. [32] examined the impact 
of foreign direct investment (FDI) on air pollution in China using 286 cities be-
tween 2001 and 2007. As the data used by the authors was both cross-sectional 
and temporal, panel data analyses (fixed effects and random effects) were ap-
plied. The results show that FDI does not have a negative impact on air quality 
in China. Contrary to expectations, the presence of FDI reduces air pollution. 
The authors explain this result by the role of FDI in the Chinese economy, per-
ceived as the main sources of advanced technology in China. These results are 
no less different from those of [33] in South East Asian countries (ASEAN), [34] 
in less developed countries (LDCs) and [35] in the Korean provinces. The latter 
consider that FDI tends to increase the level of environmental management in 
host countries. 

It is also possible to observe a correlation between mainly fiscal fiscal policy 
and environmental pollution. [31], in their study of China over the period 1980 
to 2016, show that expansionary fiscal policy, which is essentially fiscal, intensi-
fies the level of degradation of environmental quality. Through an ARDL model, 
[36] considering the link between fiscal policy for environmental quality in Tur-
key over the period 1960-2013, show that fiscal policy significantly influences 
environmental quality management in Turkey by causing the reduction of car-
bon emissions. [37] study the correlative relationship between local taxation on 
polluting waste discharge in a panel of 69 large cities in China over the period 
2001 to 2011. These authors conclude that tax revenues are likely to reduce the 
level of pollution in industry structures. 

However, some studies have detected a non-linear relationship between taxa-
tion and air pollution. Indeed, [22] study in an endogenous growth theoretical 
framework the relationship between tax policy, economic welfare and air pollu-
tion on a panel of 30 provinces and municipalities in China. The regression me-
thod used is threshold regression. Authors determine an inverted U shape between 
the two variables. Using a neoclassical model, [38] arrive at the same result. 

Furthermore, [39] test the pollution haven hypothesis using the ordinary least 
squares method and panel regressions in Mediterranean coastal countries over 
the period 1980 to 2016. They find a result that invalidates the pollution haven 
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hypothesis. These results are consistent with those found by [40] in a panel of 14 
countries in the MENA region over the period 2004 to 2016. On the other hand, 
[41] find a mixed result in their work and it is difficult for them to confirm 
whether it is the pollution haven that prevails or whether it is the pollution halo. 
The study area is the BRICS region and these authors use an ARDL model. [42] 
found the opposite result. Using an ARDL model, authors show that the pollu-
tion haven hypothesis is verified in Côte d’Ivoire over the period 1980 to 2014. 
FDI in Côte d’Ivoire tends to leave environmental management to the country. 
[43] confirm these results in their study of ASEAN countries over the period 
1981 to 2014. The results of [44] do not deviate from the above findings in Tur-
key over the period 1974 to 2011. They use causality in the sense of Granger 
augmented by Toda-Yamamoto. [45] reveal a bidirectional relationship between 
FDI and carbon emissions. They find a strong two-way Granger causality be-
tween these two variables. 

3. Methodology 

We present in turn the theoretical model of air pollution that will be estimated, 
the data used and the estimation strategy for the empirical model. 

3.1. Specification of the Model  

In order to highlight the influence of fiscal expenditure on the effect of FDI on 
air pollution in ECOWAS countries, the article is based on the methodology 
proposed by [16]. This involves estimating the relationship that defines CO2 
emissions as a function of its main determinants. This relationship is summa-
rised by the following function: 

( )2CO FDI;TE;FDI TE;f X= ∗                 (1) 

By linearising (1) we have an equation of the form:  

( ) ( ) ( ) ( ) ( )2 0 1 2 3 4ln CO ln FDI TE ln FDI TE lnit it it it itit X uβ β β β β= + + + ∗ + + (2) 

where it i itu α ε= +  with ( )20,~it iid
Nε σ  

Where CO2 is the pollutant output in the economy, FDIit  is foreign direct 
investment; TEit  is tax expenditure and ( )FDI TE it∗  is the interaction be-
tween FDI and tax expenditure and ( )itX  a set of vector of explanatory va-
riables. 0β  is a constant, ( )1, ,j j kβ =   are the respective elasticities of the 
variables and itu  is the error of specification. ( )1, ,i i N=   and ( )1, ,t t T=   
represent the country index and the year index, respectively.  

3.2. Definition of Variables and Source  

Table 1 below present the dependent variables, the explanatory variables (of in-
terest and control) and the data sources. The study covers the period from 2000 
to 2019 and the number of countries included in the study is all 13 ECOWAS 
countries: Benin, Burkina Faso, Côte d’Ivoire, Gambia, Ghana, Guinea, Liberia, 
Mali, Niger, Nigeria, Sierra Leone, Senegal and Togo.  
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Table 1. Variable definition and data source. 

Variables Definition Sources 

Atmospheric pollution This is CO2 (in kilotonnes). 
WDI (world development indicators) 
https://data.worldbank.org/indicator  

Foreign Direct Investment 
(FDI) 

This is capital invested to create, develop or maintain a 
subsidiary abroad or to exercise control or significant 
influence over the management of a foreign company or 
firm. It is measured by FDI flows 

WDI (world development indicators) 
https://data.worldbank.org/indicator  

Tax Expenditure (TE) 
These are revenue losses resulting from a policy of  
incentives through tax deductions. It is a variable for 
promoting economic activity or seeking social equity. 

Budget evaluation reports. 

Growth in Gross Domestic 
Product (GDP) 

An economic indicator that measures the wealth created 
in a country over a given period. 

WDI (world development indicators) 
https://data.worldbank.org/indicator  

Renewable Energy  
Consumption (CER) 

The share of renewable energies in total final energy 
consumption. 

WDI (world development indicators) 
https://data.worldbank.org/indicator  

Domestic Investment (IDO) 
Tangible or intangible assets used in the production 
process for at least one year. 

WDI (world development indicators) 
https://data.worldbank.org/indicator  

Renewable Electricity  
Generation (PER) 

This is the share of electricity generated by renewable 
power plants in the total electricity generated by all types 
of power plants. 

WDI (world development indicators) 
https://data.worldbank.org/indicator  

Industrial Sector (INDUS) 
These are economic activities that combine production 
factors (facilities, supplies, labour, knowledge) to  
produce material goods for the market. 

WDI (world development indicators) 
https://data.worldbank.org/indicator  

Commercial Opening (OUV) 
It is the relationship between an economy and the rest of 
the world through trade. 

WDI (world development indicators) 
https://data.worldbank.org/indicator  

Source: Authors (2023). 

3.3. Empirical Model 

Taking account of specific individual characteristics in the influence of the FDI 
on air pollution in the WAEMU requires a specific test of the effects models 
(fixed or random). These models are appropriate for panel data (cylindrical pan-
el). In fact, they make it possible to take into account several observations for the 
same individuals and also the influence of certain unobserved time-invariant 
characteristics of these individuals [46]. The basic model is as follows: 

it it it ity x zβ α ε= + +                       (3) 

where itx  is a vector of k exogenous variables of dimension (1, k), β is the vec-
tor of unknown parameters to be estimated, itz  α is the individual-specific ef-
fect. itz  is a vector that includes a constant term and a set of time-invariant in-
dividual-specific variables that may or may not be observed. itε  is the error 
term. Depending on this and the specific effect, the model demultiplies into 
three model classes. These are the stacked data, fixed effects and random effects 
models. 

In models based on stacked data, the specific effect is a constant (simple 
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stacking of data in cross-sections). An appropriate method for this model is the 
Ordinary Least Squares (OLS) method. The model is as follows: 

it it ity x β α ε= + +                          (4) 

where ( )20,~it iid
Nε σ . On the other hand, the fixed-effects model models specific  

effects or individual heterogeneity. The latter is constant ( iα ) over time and the 
model is written as: 

it it i ity x β α ε= + +                         (5) 

The individual effects ( iα ) can be correlated with the explanatory variables 

itx  and the within estimator remains convergent. Logically, it is possible to test 
the specification of the model which predominates in the series of data under 
consideration. The decision rule is as follows: 

This test determines whether the model under study is a fixed-effects model 
(within estimator) or an effects-free model (OLS). The H0 hypothesis (no fixed 
effect) is tested against the H1 hypothesis (with effect). 

With the random effects model, individual heterogeneity is modelled by tak-
ing into account random individual specific effects (constant over time). It is 
usually estimated using the Generalized Least Squares (GLS) method. This un-
observable individual heterogeneity is assumed to be uncorrelated with xit (Agha 
et al. 2018): 

it it ity x uβ α= + +  where it i itu α ε= +                 (6)  

This model has the advantage of providing more precise estimates than those 
obtained from the fixed-effects model. The decision rule for the test: hypothesis 
H0 (model with no effects) versus hypothesis H1 (presence of random effects). 

3.4. Statistical Analysis 

Table 2 below shows that the inflation factors for the variance of the variables 
are less than 5. This predicts an absence of multi-colinearity between the va-
riables, which reinforces the reliability of the model with an average of 1.85. 

Table 3 below shows the correlation matrix between the variables. On the one 
hand, there is a negative correlation between FDI and the level of carbon dioxide 
emissions. This suggests that the influence of FDI on air pollution is harmless. 
On the other hand, there is a positive correlation, significant at the 5% threshold, 
between tax expenditure and the level of carbon dioxide emissions. 

Table 4 below shows the descriptive statistics for the variables. This table 
shows that some standard deviations are high, indicating that the differences 
between the values of the variables are not minimal and therefore the dispersion 
of the data in relation to the mean is high. This is the case, for example, with the 
variables CO2, GDP. Variables such as FDI, TE, CER, PER and OUV have indi-
vidual values relatively close to the mean. As for the variables IDO and INDUS, 
they show data concentrated around the mean. In the light of these findings, it 
would be useful to perform a logarithmic transformation to maintain a similar 
measure for all the variables and for a better discussion of the results. 
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Table 2. calculation of variance inflation factors (VIF). 

 VIF 1/VIF 

Growth in Gross Domestic Product (GDP) 3.004 0.333 

Tax Expenditure (TE) 2.818 0.355 

Commercial Opening (OUV) 1.706 0.586 

Renewable Energy Consumption (CER) 1.634 0.612 

Industrial Sector (INDUS) 1.533 0.652 

Renewable Electricity Generation (PER) 1.48 0.676 

Foreign Direct Investment (FDI) 1.36 0.735 

Domestic Investment (IDO) 1.285 0.778 

Mean VIF 1.853 . 

Source: Authors, 2023. 
 

Table 3. Correlation matrix between variables. 

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) 

(1) CO2 1.000         

(2) FDI −0.099 1.000        

(3) TE 0.872* −0.083 1.000       

(4) GDP 0.642* −0.101 0.536* 1.000      

(5) CER 0.145* 0.171* 0.237* −0.366* 1.000     

(6) IDO 0.067 0.130* −0.073 0.035 −0.064 1.000    

(7) PER 0.006 −0.092 −0.040 −0.037 0.097 0.240* 1.000   

(8) INDUS 0.262* −0.262* 0.293* 0.331* −0.169* 0.265* 0.321* 1.000  

(9) OUV −0.228* 0.298* −0.280* −0.179* 0.137* 0.110 0.115 −0.230* 1.000 

Source: Authors (2023), ***p < 0.01, **p < 0.05, *p < 0.1. 
 

Table 4. Descriptive statistics. 

Variable Obs Mean Std. Dev. Min Max 

CO2 247 10676.802 25613.983 240 130670 

FDI 247 4.918 11.527 −2.545 103.337 

TE 99 11.05 16.126 0.81 89.75 

GDP 247 830.201 549.283 138.699 3098.986 

CER 246 71.714 14.697 36.623 91.767 

IDO 247 19.156 6.202 1.097 52.418 

PER 207 29.409 27.938 0.00 91.499 

NDUS 247 20.124 6.947 3.243 35.192 

OUV 247 66.647 37.055 20.723 311.354 

Source: Authors, 2023. 
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4. Estimating and Interpreting Results 

Table 5 and Table 6 below show the estimation results for the ordinary least 
squares method and the random effects method. 

Table 5 shows the estimation of the OLS model. The model is globally signif-
icant with a high goodness of fit (0.96). With the exception of model 6, FDI has a 
negative influence on the level of carbon emissions in ECOWAS countries. This 
influence remains significant in model 3. This indicates that when FDI flows in-
crease, this leads to a reduction in carbon emissions. 

Taking into account the tax expenditure variable, the results show that tax 
expenditure contributes to increasing the volume of carbon emissions. This in-
fluence remains significant in models 2 and 5. The interaction between FDI and 
tax expenditure has a positive and significant effect on carbon levels in ECOWAS 
countries.  

 
Table 5. Results of the effects of FDI and TE on air pollution (OLS model). 

Variables 
Volume of CO2 

(1) (2) (3) (4) (5) (6) (7) 

Foreign Direct Investment 
(FDI) (Log) 

−0.083 
(0.537) 

−0.002 
(0.963) 

0.268*** 
(0.002) 

- - 
0.014 

(0.821) 
- 

Tax Expenditure (TE) 
0.017 

(0.088) 
0.023*** 
(0.000) 

− 
0.022 

(0.901) 
0.023*** 
(0.000) 

- - 

FDI*TE (Log) 
0.077*** 
(0.000) 

- 
0.259*** 
(0.000) 

0.004*** 
(0.001) 

- - 
0.069*** 
(0.000) 

Growth in Gross Domestic 
Product (Log) 

1.979 
(0.601) 

1.944*** 
(0.000) 

2.135*** 
(0.000) 

1.95*** 
(0.000) 

1.945*** 
(0.000) 

1.579*** 
(0.000) 

2.268** 
(0.018) 

Renewable Energy  
Consumptio (Log) 

−0.042 
(0.81) 

0.091 
(0.733) 

0.407 
(0.109) 

0.104 
(0.704) 

0.094 
(0.716) 

0.243 
(0.485) 

0.647 
(0.768) 

Domestic Investment (Log) 
−0.042 
(0.662) 

−0.065 
(0.7) 

0.017 
(0.921) 

−0.067 
(0.69) 

−0.066 
(0.69) 

0.214 
(0.198) 

−0.056 
(0.941) 

Renewable Electricity  
Generation (Log) 

0.024 
(0.617) 

0.023 
(0.675) 

0.024 
(0.675) 

0.022 
(0.686) 

0.023 
(0.673) 

0.201*** 
(0.002) 

0.005 
(0.263) 

Industrial Sector (Log) 
0.094 
(0.19) 

0.157 
(0.318) 

−0.042 
(0.812) 

0.159 
(0.301) 

0.159 
(0.297) 

0.934*** 
(0.000) 

0.197* 
(0.056) 

Commercial Opening (Log) 
−0.313 
(0.531) 

−0.338 
(0.149) 

−0.299 
(0.221) 

−0.34 
(0.145) 

−0.339 
(0.141) 

−0.708*** 
(0.004) 

−0.506** 
(0.032) 

Constant 
−5.023 
(0.071) 

−4.476* 
(0.087) 

−7.145 
(0.006) 

−4.564* 
(0.085) 

−4.492* 
(0.079) 

−4.345* 
(0.075) 

−8.366*** 
(0.004) 

R-squared 0.965 0.965 0.962 0.965 0.965 0.687 0.952 

F-test 119.403 136.323 127.376 136.370 159.683 46.786 117.143 

Number of obs 49 49 49 49 49 49 49 

Prob>F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Source: Authors, 2023 ***p < 0.01, **p < 0.05, *p < 0.1. 
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Table 6. Results of the effects of FDI, TE and their cross-effect on air pollution (fixed effects and random effects models). 

Variables 
Volume of CO2 

(1) (2) (3) (4) (5) (6) (7) 

Foreign Direct Investment 
(FDI) (Log) 

−0.001 
(0.992) 

0.039 
(0.208) 

−0.049 
(0.267) 

- - 
0.009 

(0.649) 
- 

Tax expenditure (TE) 
0.01 

(0.313) 
0.016*** 
(0.001) 

- 
0.011** 
(0.28) 

0.009** 
(0.13) 

- - 

FDI*TE(Log) 
0.041 

(0.755) 
- 

0.078** 
(0.041) 

0.04 
(0.137) 

- - 
0.039*** 

(0.01) 

Growth in Gross Domestic 
Product (Log) 

1.552*** 
(0.000) 

1.737*** 
(0.000) 

0.91*** 
(0.000) 

1.597*** 
(0.000) 

1.078*** 
(0.000) 

0.41*** 
(0.000) 

0.917*** 
(0.004) 

Renewable Energy  
Consumptio (Log) 

−0.259 
(0.56) 

−0.079 
(0.846) 

−1.001*** 
(0.009) 

−0.211 
(0.623) 

−0.844** 
(0.048) 

−1.123*** 
(0.000) 

−1.075 
(0.553) 

Domestic Investment (Log) 
−0.067 
(0.598) 

−0.086 
(0.536) 

−0.023 
(0.776) 

−0.07 
(0.579) 

−0.014 
(0.884) 

0.108* 
(0.052) 

−0.045 
(0.763) 

Renewable Electricity  
Generation (Log) 

0.015 
(0.856) 

0.014 
(0.848) 

0.013 
(0.867) 

0.014 
(0.86) 

0.04 
(0.63) 

0.056 
(0.199) 

0.023 
(0.331) 

Industrial Sector (Log) 
−0.154 
(0.361) 

−0.116 
(0.505) 

−0.107 
(0.338) 

−0.152 
(0.364) 

−0.117 
(0.393) 

0.097 
(0.336) 

−0.108 
(0.815) 

Commercial Opening (Log) 
−0.178 
(0.414) 

−0.266 
(0.244) 

0.036 
(0.792) 

−0.194 
(0.363) 

−0.004 
(0.979) 

0.336*** 
(0.001) 

0.032*** 
(0.01) 

Constant 
0.062 

(0.984) 
−1.642 
(0.579) 

6.48*** 
(0.005) 

−0.379 
(0.898) 

4.834* 
(0.073) 

8.488*** 
(0.000) 

6.866*** 
(0.003) 

R2 within 0.631 0.585 0.809 0.620 0.710 0.750 0.809 

R2 between 0.952 0.964 0.781 0.956 0.867 0.298 0.730 

R2 Overall 0.943*** 0.955*** 0.767*** 0.947*** 0.857*** 0.310*** 0.720*** 

Prob > F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Breush-Pagan 0.3420 0.3297 0.2022 0.3081 0.3234 0.000 0.0347 

Hausman 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Source: Authors, 2023 ***p < 0.01, **p < 0.05, *p < 0.1. 
 

Overall, the results show that, with the exception of domestic investment and 
trade openness, the control explanatory variables exert a threatening pressure on 
the level of CO2 in the WAEMU. 

On both sides of the different models, Table 6 shows the presence of individ-
ual fixed effects (models 6 and 7) and random effects (models (1), (2), (3), (4) 
and (5)).  

For all models, the influence of FDI on carbon emissions is insignificant and 
the direction of correlation is mixed. Compared with the OLS model, the ran-
dom effect model appears to be less informative. Considering model (3), the re-
sults are in line with those of [39] and [40], who show that the influence of the 
FDI on environmental quality is insignificant. Their work fails to establish the 
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validity of the pollution haven and pollution halo hypotheses. However, the re-
sults are not consistent with the conclusions of [16]. The latter reveal that FDI 
leads to an increase in per capita carbon dioxide emissions in Korea. The con-
clusion to be drawn in the ECOWAS countries is that FDI per se is not a threat 
to the environment. 

However, if we take the case of the tax expenditure variable, the results show 
that it contributes to increasing the volume of carbon emissions. This influence 
remains significant in models 2, 4 and 5. This means that the ability of govern-
ments to put in place tax tools to attract firms is a vector of environmental pol-
lution in ECOWAS countries. Tax expenditure is therefore a sign of the poor 
quality of institutions in ECOWAS. This result is consistent with the analyses of 
[30], who use a spatial approach to study the link between local taxes and envi-
ronmental quality. They show that tax expenditure has a rather aggravating re-
sponse on the level of carbon emissions in China’s provinces. However, the rela-
tively competitive nature of tax expenditure in ECOWAS countries explains the 
low level of domestic resources. 

Concerning the interaction variable between FDI and tax expenditure, the re-
sults reveal a positive sign for all models, and significant in models 3 and 7 at the 
5% threshold. These results do not contradict the estimates made for the OLS 
model above. This indicates that FDI in the presence of a tax incentive mechan-
ism intensifies the volume of CO2 emissions. The implementation of the attrac-
tiveness factors put in place by the ECOWAS countries would lead to an increase 
in the volume of carbon emissions. On the other hand, attractive measures that 
are essentially fiscal are elements of low institutional quality or the softening of 
environmental controls. Tax expenditure is thus an attractive force for FDI and 
highlights the weaknesses in tax regulations. This force leads to a high volume of 
FDI, which threatens environmental quality if nothing is done. These results are 
in line with the theory of [26]. However, the results are inconsistent with the 
empirical work of [30]. The latter show that the interaction between local taxa-
tion and FDI has a negative influence at the 1% threshold. 

The influence of the explanatory variables on the level of CO2 emitted shows 
that growth in gross domestic product, domestic investment and trade openness 
is a vector for carbon emissions in the WAEMU countries. But the influence of 
GDP growth on CO2 levels remains very significant. It therefore appears that the 
quest for prosperity is accompanied by conditions of environmental degrada-
tion. Energy consumption also has a negative effect on CO2 emissions. 

5. Conclusion and Policy Implications 

The literature on the influence of foreign direct investment on air pollution has 
been the subject of numerous debates in economics. Futhermore, air pollution 
remains a sensitive debate nowadays and the determination of the factors that 
influence it is topical. In the ECOWAS region, we are trying to determine the 
link between FDI and air pollution. The results of our estimates show that FDI 
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in itself is not an aggravating factor in environmental pollution, even if the di-
rection of the correlation is negative. Moreover, while FDI has no effect on pol-
lution, fiscal expenditure tends to increase the level of pollution in ECOWAS 
countries. Moreover, the effect of fiscal expenditure on the influence of FDI on 
environmental pollution remains significant. The interaction between FDI and 
tax expenditure shows that the latter, other things being equal, plays a decisive 
role in the influence of FDI on environmental pollution. While it is clear that tax 
expenditure should be a priority for economic and social policies, this would 
lead to an increase in environmental pollution in the ECOWAS zone. Thus 
opening the way for useful criticisms and suggestions for the further develop-
ment of this study, it concludes by suggesting that governments should work to 
put in place tax regulations that encourage FDI; however, they must take into 
account environmental management and pollution reduction in their economic 
calculations. 

Future research on the same issue may be carried out, using other estimation 
methods and other statistical data. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per 

References 
[1] Ali, E.B., Shayanmehr, S., Radmehr, R., Amfo, B., Awuni, J.A., Gyamfi, B.A. and 

Agbozo, E. (2023) Exploring the Impact of Economic Growth on Environmental 
Pollution in South American Countries: How Does Renewable Energy and Globali-
zation Matter? Environmental Science and Pollution Research, 30, 15505-15522.  
https://doi.org/10.1007/s11356-022-23177-4 

[2] Sadiq, M., Kannaiah, D., Yahya Khan, G., Shabbir, M.S., Bilal, K. and Zamir, A. 
(2023) Does Sustainable Environmental Agenda Matter? The Role of Globalization 
toward Energy Consumption, Economic Growth, and Carbon Dioxide Emissions in 
South Asian Countries. Environment, Development and Sustainability, 25, 76-95.  
https://doi.org/10.1007/s10668-021-02043-2 

[3] Awosus, A.A., Rjoub, H., Dördüncü, H. and Kirikkaleli, D. (2023) Does the Potency 
of Economic Globalization and Political Instability Reshape Renewable Energy 
Usage in the Face of Environmental Degradation? Environmental Science and Pol-
lution Research, 30, 22686-22701. https://doi.org/10.1007/s11356-022-23665-7 

[4] Zhou, K., Wu, J. and Liu, H. (2021) Spatiotemporal Variations and Determinants of 
Water Pollutant Discharge in the Yangtze River Economic Belt, China: A Spatial 
Econometric Analysis. Environmental Pollution, 271, Article ID: 116320.  
https://doi.org/10.1016/j.envpol.2020.116320 

[5] Apergis, N., Gozgor, G. and Lau, C.K. (2021) Globalization and Environmental 
Problems in Developing Countries. Environmental Science and Pollution Research, 
28, 33719-33721. https://doi.org/10.1007/s11356-021-14105-z 

[6] Bataka, H. (2021) Globalization and Environmental Pollution in Sub-Saharan Afri-
ca. African Journal of Economic Review, 9, 191-205. 

[7] Chen, J., Wang, S., Zhou, C. and Li, M. (2019) Does the Path of Technological 

https://doi.org/10.4236/jep.2023.1411050
https://doi.org/10.1007/s11356-022-23177-4
https://doi.org/10.1007/s10668-021-02043-2
https://doi.org/10.1007/s11356-022-23665-7
https://doi.org/10.1016/j.envpol.2020.116320
https://doi.org/10.1007/s11356-021-14105-z


S. Zogbasse et al. 
 

 

DOI: 10.4236/jep.2023.1411050 916 Journal of Environmental Protection 
 

Progress Matter in Mitigating China’s PM2.5 Concentrations? Evidence from Three 
Urban Agglomerations in China. Environmental Pollution, 254, Article ID: 113012.  
https://doi.org/10.1016/j.envpol.2019.113012 

[8] Melnyk, L., Kubatko, O. and Pysarenko, S. (2014) The Impact of Foreign Direct In-
vestment on Economic Growth: Case of Post Communism Transition Economies. 
Problems and Perspectives in Management, 12, 17-24.  

[9] Sokang, K. (2018) The Impact of Foreign Direct Investment on the Economic 
Growth in Cambodia: Empirical Evidence. International Journal of Innovation and 
Economic Development, 4, 31-38.  
https://doi.org/10.18775/ijied.1849-7551-7020.2015.45.2003 

[10] Shao, Y. (2017) Does FDI Affect Carbon Intensity? New Evidence from Dynamic 
Panel Analysis. International Journal of Climate Change Strategies and Manage-
ment, 10, 27-42. https://doi.org/10.1108/IJCCSM-03-2017-0062 

[11] Chichilnisky, G. (2017) North-South Trade and the Global Environment. In: Chi-
chilnisky, G., Ed., International Trade and the Environment, Routledge, London, 
261-284. https://doi.org/10.4324/9781315201986-19 

[12] Sapkota, P. and Bastola, U. (2017) Foreign Direct Investment, Income, and Envi-
ronmental Pollution in Developing Countries: Panel Data Analysis of Latin Ameri-
ca. Energy Economics, 64, 206-212. https://doi.org/10.1016/j.eneco.2017.04.001 

[13] Perkins, R. and Neumayer, E. (2008) Fostering Environment Efficiency through 
Transnational Linkages? Trajectories of CO2 and SO2, 1980-2000. Environment and 
Planning A, 40, 2970-2989. https://doi.org/10.1068/a4089 

[14] Kentor, J. and Grimes, P. (2006) Foreign Investment Dependence and the Envi-
ronment: A Global Perspective. In: In: Andrew J. and Edward, K., Eds., Globaliza-
tion and the Environment, Brill, Leiden, 61-77. 

[15] Hassaballa, H. (2013) Environment and Foreign Direct Investment: Policy Implica-
tions for Developing Countries. Journal of Emerging Issues in Economics, Finance 
and Banking, 1, 75-106. 

[16] Bulus, G.C. and Koc, S. (2021) The Effects of FDI and Government Expenditures on 
Environmental Pollution in Korea: The Pollution Haven Hypothesis Revisited. En-
vironmental Science and Pollution Research, 28, 38238-38253.  
https://doi.org/10.1007/s11356-021-13462-z 

[17] Sakpota, P. and Bastola, U. (2017) Foreign Direct Investment, Income, and Envi-
ronmental Pollution in Developing Countries: Panel Data Analysis of Latin Ameri-
ca. Energy Economics, 64, 206-212. https://doi.org/10.1016/j.eneco.2017.04.001 

[18] Chichilnisky, G. and Heal, G. (1994) Who Should Abate Carbon Emissions? An In-
ternational Viewpoint. Economics Letters, 44, 443-449.  
https://doi.org/10.1016/0165-1765(94)90119-8 

[19] Copeland, B.R. (1994) International Trade and the Environment: Policy Reform in a 
Polluted Small Open Economy. Journal of Environmental Economics and Man-
agement, 26, 44-65. https://doi.org/10.1006/jeem.1994.1004 

[20] Dean, J.M. (1992) Trade and the Environment: A Survey of the Literature. Policy 
Research Working Paper Series. 

[21] Huynh, C.M. (2020) Shadow Economy and Air Pollution in Developing Asia: What 
Is the Role of Fiscal Policy? Environmental Economics and Policy Studies, 22, 
357-381. https://doi.org/10.1007/s10018-019-00260-8 

[22] Liu, L., Ding, D. and He, J. (2019) Fiscal Decentralization, Economic Growth, and 
Haze Pollution Decoupling Effects: A Simple Model and Evidence from China. 

https://doi.org/10.4236/jep.2023.1411050
https://doi.org/10.1016/j.envpol.2019.113012
https://doi.org/10.18775/ijied.1849-7551-7020.2015.45.2003
https://doi.org/10.1108/IJCCSM-03-2017-0062
https://doi.org/10.4324/9781315201986-19
https://doi.org/10.1016/j.eneco.2017.04.001
https://doi.org/10.1068/a4089
https://doi.org/10.1007/s11356-021-13462-z
https://doi.org/10.1016/j.eneco.2017.04.001
https://doi.org/10.1016/0165-1765(94)90119-8
https://doi.org/10.1006/jeem.1994.1004
https://doi.org/10.1007/s10018-019-00260-8


S. Zogbasse et al. 
 

 

DOI: 10.4236/jep.2023.1411050 917 Journal of Environmental Protection 
 

Computational Economics, 54, 1423-1441.  
https://doi.org/10.1007/s10614-017-9700-x 

[23] Yuelan, P., Akbar, M.W., Hafeez, M., Ahmad, M., Zia, Z. and Ullah, S. (2019) The 
Nexus of Fiscal Policy Instruments and Environmental Degradation in China. En-
vironmental Science and Pollution Research, 26, 28919-28932.  
https://doi.org/10.1007/s11356-019-06071-4 

[24] Fridriksson, P.G. and Millimet, D.L. (2002) Strategic Interaction and the Determi-
nation of Environmental Policy across US States. Journal of Urban Economics, 51, 
101-122. https://doi.org/10.1006/juec.2001.2239 

[25] Chen, Y., Leng, Y., Liu, X. and Wang, J. (2020) Microplastic Pollution in Vegetable 
Farmlands of Suburb Wuhan, Central China. Environmental Pollution, 257, Article 
ID: 113449. https://doi.org/10.1016/j.envpol.2019.113449 

[26] Glazer’s, A. (1999) Local Regulation May Be Excessively Stringent. Regional Science 
and Urban Economics, 29, 553-558. https://doi.org/10.1016/S0166-0462(99)90013-3 

[27] Baek, J. and Koo, W.W. (2009) A Dynamic Approach to the FDI-Environment 
Nexus: The Case of China and India. East Asian Economic Review, 13, 87-106.  
https://doi.org/10.2139/ssrn.3077770 

[28] Hwang, B.F., Lee, Y.L. and Jaakkola, J.J. (2015) Air Pollution and the Risk of Car-
diac Defects: A Population-Based Case-Control Study. Medicine, 94, e1883.  
https://doi.org/10.1097/MD.0000000000001883 

[29] Arif, M., Gill, A.R. and Ali, M. (2023) Analyzing the Non-Linear Association be-
tween Urbanization and Ecological Footprint: An Empirical Analysis. Environmen-
tal Science and Pollution Research, 30, 109063-109076.  
https://doi.org/10.1007/s11356-023-30012-x 

[30] Cheng, Z., Li, L. and Liu, J. (2020) The Impact of Foreign Direct Investment on Ur-
ban PM2.5 Pollution in China. Journal of Environmental Management, 265, Article 
ID: 110532. https://doi.org/10.1016/j.jenvman.2020.110532 

[31] Zafar, A., Ullah, S., Majeed, M.T. and Yasmeen, R. (2020) Environmental Pollution 
in Asian Economies: Does the Industrialisation Matter? OPEC Energy Review, 44, 
227-248. https://doi.org/10.1111/opec.12181 

[32] Kirkulak, B., Qiu, B. and Yin, W. (2011) The Impact of FDI on Air Quality: Evi-
dence from China. Journal of Chinese Economic and Foreign Trade Studies, 4, 
81-98. https://doi.org/10.1108/17544401111143436 

[33] Zhu, H., Duan, L., Guo, Y. and Yu, K. (2016) The Effects of FDI, Economic Growth 
and Energy Consumption on Carbon Emissions in ASEAN-5: Evidence from Panel 
Quantile Regression. Economic Modelling, 58, 237-248.  
https://doi.org/10.1016/j.econmod.2016.05.003 

[34] Zeng, K. and Eastin, J. (2012) Do Developing Countries Invest up? The Environ-
mental Effects of Foreign Direct Investment from Less-Developed Countries. World 
Development, 40, 2221-2233. https://doi.org/10.1016/j.worlddev.2012.03.008 

[35] Hille, E., Shahbaz, M. and Moosa, I. (2019) The Impact of FDI on Regional Air Pol-
lution in the Republic of Korea: A Way Ahead to Achieve the Green Growth Strat-
egy? Energy Economics, 81, 308-326. https://doi.org/10.1016/j.eneco.2019.04.004 

[36] Katircioglu, S. and Katircioglu, S. (2018) Testing the Role of Fiscal Policy in the En-
vironmental Degradation: The Case of Turkey. Environmental Science and Pollu-
tion Research, 25, 5616-5630. https://doi.org/10.1007/s11356-017-0906-1 

[37] Wang, L. and Lei, P. (2016) Fiscal Decentralization and High-Polluting Industry 
Development: City-Level Evidence from Chinese Panel Data. International Journal 

https://doi.org/10.4236/jep.2023.1411050
https://doi.org/10.1007/s10614-017-9700-x
https://doi.org/10.1007/s11356-019-06071-4
https://doi.org/10.1006/juec.2001.2239
https://doi.org/10.1016/j.envpol.2019.113449
https://doi.org/10.1016/S0166-0462(99)90013-3
https://doi.org/10.2139/ssrn.3077770
https://doi.org/10.1097/MD.0000000000001883
https://doi.org/10.1007/s11356-023-30012-x
https://doi.org/10.1016/j.jenvman.2020.110532
https://doi.org/10.1111/opec.12181
https://doi.org/10.1108/17544401111143436
https://doi.org/10.1016/j.econmod.2016.05.003
https://doi.org/10.1016/j.worlddev.2012.03.008
https://doi.org/10.1016/j.eneco.2019.04.004
https://doi.org/10.1007/s11356-017-0906-1


S. Zogbasse et al. 
 

 

DOI: 10.4236/jep.2023.1411050 918 Journal of Environmental Protection 
 

of Smart Home, 10, 297-308. https://doi.org/10.14257/ijsh.2016.10.9.28 

[38] Hao, Y., Chen, Y.F., Liao, H. and Wei, Y.M. (2020) China’s Fiscal Decentralization 
and Environmental Quality: Theory and an Empirical Study. Environment and De-
velopment Economics, 25, 159-181. https://doi.org/10.1017/S1355770X19000263 

[39] Nathaniel, S.P. and Bekun, F.V. (2020) Environmental Management Amidst Energy 
Use, Urbanization, Trade Openness, and Deforestation: The Nigerian Experience. 
Journal of Public Affairs, 20, e2037. https://doi.org/10.1002/pa.2037 

[40] Salehnia, N., Karimi Alavijeh, N. and Salehnia, N. (2020) Testing Porter and Pollu-
tion Haven Hypothesis via Economic Variables and CO2 Emissions: A Cross-Country 
Review with Panel Quantile Regression Method. Environmental Science and Pollu-
tion Research, 27, 31527-31542.  
https://doi.org/10.1007/s11356-020-09302-1 

[41] Yilanci, V., Bozoklu, S. and Gorus, M.S. (2020) Are BRICS Countries Pollution Ha-
vens? Evidence from a Bootstrap ARDL Bounds Testing Approach with a Fourier 
Function. Sustainable Cities and Society, 55, Article ID: 102035.  
https://doi.org/10.1016/j.scs.2020.102035 

[42] Assamoi, G.R., Wang, S., Liu, Y. and Gnangoin, Y.T.B. (2020) Investigating the 
Pollution Haven Hypothesis in Cote d’Ivoire: Evidence from Autoregressive Distri-
buted Lag (ARDL) Approach with Structural Breaks. Environmental Science and 
Pollution Research, 27, 16886-16899. https://doi.org/10.1007/s11356-020-08246-w 

[43] Guzel, A.E. and Okumus, İ. (2020) Revisiting the Pollution Haven Hypothesis in 
ASEAN-5 Countries: New Insights from Panel Data Analysis. Environmental 
Science and Pollution Research, 27, 18157-18167.  
https://doi.org/10.1007/s11356-020-08317-y 

[44] Terzi, H. and Pata, U. (2020) Is the Pollution Haven Hypothesis (PHH) Valid for 
Turkey? Panoeconomicus, 67, 93-109. https://doi.org/10.2298/PAN161229016T 

[45] Pao, H.T. and Tsai, C.M. (2011) Multivariate Granger Causality between CO2 Emis-
sions, Energy Consumption, FDI (Foreign Direct Investment) and GDP (Gross 
Domestic Product): Evidence from a Panel of BRIC (Brazil, Russian Federation, In-
dia, and China) Countries. Energy, 36, 685-693.  
https://doi.org/10.1016/j.energy.2010.09.041 

[46] Agha, S.B., Le Gallo, J. and Vedrine, L. (2018) Econométrie spatiale sur donnés de 
panel. https://hal.science/hal-01941268/  

 

https://doi.org/10.4236/jep.2023.1411050
https://doi.org/10.14257/ijsh.2016.10.9.28
https://doi.org/10.1017/S1355770X19000263
https://doi.org/10.1002/pa.2037
https://doi.org/10.1007/s11356-020-09302-1
https://doi.org/10.1016/j.scs.2020.102035
https://doi.org/10.1007/s11356-020-08246-w
https://doi.org/10.1007/s11356-020-08317-y
https://doi.org/10.2298/PAN161229016T
https://doi.org/10.1016/j.energy.2010.09.041
https://hal.science/hal-01941268/

	The Effect of Foreign Direct Investment on Air Pollution in the Economic Community of West African States Region: What Influence Does Tax Expenditure Have?
	Abstract
	Keywords
	1. Introduction
	2. Literature Review
	3. Methodology
	3.1. Specification of the Model 
	3.2. Definition of Variables and Source 
	3.3. Empirical Model
	3.4. Statistical Analysis

	4. Estimating and Interpreting Results
	5. Conclusion and Policy Implications
	Conflicts of Interest
	References

