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ABSTRACT

West African countries face a dual challenge of fostering economic growth

Vol: 01 while addressing rising environmental pollution. This study examined
Issue: 02 how foreign direct investment affects environmental pollution in West
December 2024 Africa, using panel data from 16 countries in the region spanning 1996 to

2022. The variables included in the analysis were ecological footprint (as
an indicator of environmental pollution), net inflows of foreign direct
investment in current US dollars, renewable enerqy consumption, and
urbanization. The data were analyzed using a panel autoregressive
distributed lag (ARDL) model. The findings indicate that foreign direct
investment leads to increased environmental pollution in both the short-
term and long-term. This outcome supports the pollution haven hypothesis
in the context of West Africa. Based on these results, it is recommended
that policymakers enhance monitoring and enforcement of environmental
regulations. It is crucial to strike a balance between promoting foreign
direct investment and ensuring environmental sustainability in West
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1.0  Introduction
The increasing human demand for  productive land and water area required to

biologically productive land is significantly
impacting nature's ability to regenerate
ecosystems. According to the Global
Footprint Network (GFN, 2023), more than
80% of the world's population lives in

countries currently running ecological
deficits, where resource consumption
exceeds ecosystem replenishment. For

instance, China, the United States, India,
Japan, and South Korea are among the top
five countries with the largest ecological
deficits, measured in global hectares (gha).

Environmental pollution refers to the
contamination of natural environment by
harmful substances, resulting in adverse
effects on ecosystems and human health. It is
measured by the Ecological Footprint (EF),
which quantifies the amount of biologically

produce the resources consumed and to
assimilate the wastes generated by a
population or activity (Elum &Momodu,
2017). GFN (2023) distinguishes four EF
types: Consumption EF, Production EF,
Imports EF, and Exports EF, each assessing
different aspects of resource consumption
and the impacts of trade activities.

On the other hands, Foreign Direct
Investment (FDI) refers to the financial
influx usually associated with the
transmission of knowledge, technology, and
management practices from investors' home
countries to host nations (Awan, et al., 2022).
Over the past two decades, FDI has become
a significant element of global economic
integration efforts. On the production side of
economies, FDI is known to impact host
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economies through scale effects,
composition effects, and technological
advancements (Awan, et al., 2022). The scale
effect leads to increased economic activity
due to additional investment, which is
expected to have implications for pollution,
waste, and ecological impacts. The
composition effect is seen in changes to the
industry mix within host economies,
potentially  influencing  environmental
outcomes based on which industries expand
or contract. The technological effect involves
the transfer of new knowledge and
advanced technologies that can potentially
boost productivity and improve ecosystem
conditions (Huynh et al., 2020).

The existing environmental economics
literature, (such as Baloch et al. 2022,
Esmaeili, 2023, & Bouzahzah, 2022),
associate Foreign Direct Investment (FDI)
primarily with air pollution rather than
overall ecosystem degradation. Various
hypotheses regarding the relationship
between FDI and environmental outcomes
have been proposed, including the pollution
haven hypothesis and FDI halo hypothesis.
According to pollution haven hypothesis,
FDI tends flow in to countries with less
stringent environmental regulations, leading
to the relocation of polluting industries from
developed to developing nations (Esmaeili,
2023). In contrast, the "FDI halo hypothesis"
proposes that multinational corporations
from developed countries can transfer
advanced knowledge and environmental
practices to local firms in less developed
economies, thereby facilitating the adoption
of improved environmental standards
(Adeleye et al., 2023).

This study focuses on analyzing the
relationship  between  foreign  direct
investment (FDI) and environmental
pollution, measured by ecological footprints,
in West Africa from 1996 to 2022. The
region's abundant natural resources and
developing industries make it an ideal area
to examine how FDI impacts environmental
conditions. Given West Africa's economic

dependence on FDI and the ongoing

challenge of balancing economic growth
with environmental sustainability, these
countries were chosen for their relevance to
the study. The research also investigates the
Pollution Haven Hypothesis (PHH), which
suggests that multinational corporations
may relocate production to countries with
less stringent environmental regulations.
The primary objective of this study is to
determine whether FDI inflows have
contributed to an increase in environmental
pollution across West Africa. The rest of the
paper is structured as follows: the "Review of
empirical studies" section reviews the
literature; the "Methodology" section
outlines the data and model estimation
techniques; the "Results and Discussions"
section interprets and discusses the results,
while the "Conclusion and Policy
Recommendations" section concludes with
policy recommendations.

2.0 Literature Review

Numerous researchers examined the
relationship between FDI and
Environmental pollution. For instance,

Esmaeili (2023) employs Panel Quantile
Regression to analyze the impact of foreign
direct  investment (FDI),  economic
complexity, and renewable energy use on
CO2 emissions in N-11 countries from 1995
to 2019. The study introduces the interaction
between economic complexity and FDI as a
novel factor, finding that economic
complexity enhances the Environmental
Kuznets Curve in early industrialization
stages. Foreign direct investment is shown to
worsen environmental quality, supporting
the Pollution Haven Hypothesis. However,

the  interaction  between  economic
complexity and FDI mitigates CO2
emissions. Additionally, increased

renewable energy use correlates with lower
CO2 emissions. Apergis et al. (2023)
investigated the influence of FDI inflows on
carbon emissions in BRICS countries from
1993 to 2012, finding that FDI origin from
specific OECD countries impacts carbon
emissions differently.
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Bouzahzah (2022) explores how foreign
direct investment (FDI) affects CO2
emissions in 40 African countries, focusing
on the role of institutional quality in
validating the Pollution Haven Hypothesis
(PHH). Using Panel ARDL and three
estimators (Pooled Mean Group, Mean
Group, and Dynamic Fixed Effect), the study
finds a nuanced relationship between FDI
and pollution. Generally, the PHH is not
confirmed; however, the impact varies
significantly based on institutional quality
across African nations. Countries with high
corruption levels show reduced CO2
emissions with increased FDI, whereas those
with poor institutional quality experience
higher emissions. Similarly, Musah et al.
(2022) analyzed the impact of FDI inflows on
carbon dioxide emissions in selected G-20
countries from 1992 to 2018. Utilizing
advanced econometric methods suited for
heterogeneous panel data, their research
across different income groups (high-,
upper-middle-, and lower-middle-income
countries) suggests that higher FDI inflows
correlate with increased carbon dioxide
emissions, supporting the Pollution Haven
Hypothesis across diverse income levels.
Additionally, increased energy consumption
is identified as a contributing factor to long-
term CO2 emission increases at both
aggregated and disaggregated levels.

Singhania and Saini (2021) find a significant
positive impact of FDI on environmental
degradation in developed and developing
countries with high carbon emissions,
supporting the PHH. Halliru et al. (2020)
confirm the PHH for CO2 emissions and
identify a U-shaped relationship for
ecological footprint in ECOWAS countries,
indicating increasing environmental
degradation with higher FDI and energy
consumption. Guzel and Okumus (2020)
analyze ASEAN-5 countries and validate the
PHH, linking increased FDI to heightened
environmental degradation exacerbated by
energy consumption. Destek and Okumus
(2019)  explore newly industrialized
countries, noting a U-shaped relationship
between FDI and ecological footprint,

alongside impacts from economic growth
and energy consumption on environmental
degradation.

Upon reviewing existing empirical studies, a
significant gap was identified concerning the
use of comprehensive environmental
pollution  indicators. = Many  studies
investigating the relationship between FDI
and environmental pollution, and validating
Pollution Haven or Halo hypotheses,
primarily rely on CO2 emissions as a proxy
for environmental pollution. However, this
measure has inherent limitations. It is crucial
to adopt a more holistic indicator such as the
ecological footprint, which provides a
comprehensive overview of the overall
environmental impact. Therefore, this study
aims to address this gap by examining how
foreign direct investment (FDI) affects the
ecological footprint in West Africa.

3.0
3.1

Methodology
Data and Sources

The study utilizes panel data spanning from
1996 to 2022 across sixteen West African
countries. The dependent variable is
environmental pollution, measured by
ecological footprint (EFP) in global hectares
(gha). Independent variables include net
inflows of Foreign Direct Investment (FDI) in
current US dollars, renewable energy
consumption (REC) as a percentage of total
final energy consumption, and urbanization
(URB) measured by urban population as a
percentage of total population. Guided by
the pollution haven hypothesis, which
suggests that increased FDI leads to higher
environmental  pollution, the study
anticipates a positive coefficient for FDIL
Conversely, renewable energy consumption
(REC) is expected to have a negative effect,
while urbanization (URB) is expected to
have a positive effect on environmental
pollution.

Table 1 provides variable codes,
descriptions, expected signs of coefficients,
and data sources for clarity and reference.
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Table 1. Variables Description and Data Sources

Codes Description Signs  Sources

EFP Ecological Footprint (global hectares-GHA) Global Footprints
per person Network (2023)

FDI Foreign direct investment, net inflows + World Bank (2023a)
(current US$)

REC  Renewable energy consumption (% of total - World Bank (2023a)
final energy consumption)

URB  Urban population (% of total population) + World Bank (2023a)

Source: Researcher’s compilations (2024)

3.2

Following Adeleye et al. (2023), the study
starts with specifying a baseline model with
environmental pollution measured by
ecological footprint (EFP) expressed as a
function of control variables which are

renewable energy (REC) and urbanization
(URB):

Model Specification

EFP = f (REN,URB) 1)
To achieve the objective of this study of
investigating the impact of foreign direct
investment on environmental pollution and
whether the pollution haven hypothesis is
valid in West Africa, this study adopted
Adeleye et al. (2023) model. Thus, the
functional form of the model for this study is
given as:

EFP = f ( REN,URB, FDI ) )

The econometrics representation of model
(2) is given as:

EFP. =5, + AFDI,

+ B,REC, + BURB, +¢; ©)
Where: EFP is Ecological footprint of country
i at time t; FDI is Foreign direct investment,
with (1 representing its effect on EFP. A
positive 1 suggests that higher FDI leads to
a larger ecological footprint, supporting the
Pollution Haven Hypothesis; REC is
Renewable energy consumption, with [
indicating its effect on EFP; a negative P
suggests that increased renewable energy
consumption reduces the ecological

footprint. URB is Urbanization level, with 3
showing its impact on EFP; a positive Ps
implies that urbanization increases the
ecological footprint; o and & are intercept
and error terms respectively. However, to
correct for possible heteroskedasticity,
equation (3) is re-expressed in logarithmic
form and is given as:

INEFP, = 8, + 3, InFDI t

+ B,RECt+ BURBt + ¢, @
where: In = logarithm to base 10. Only EFP
and FDI are converted into logarithmic form,
whereas renewable energy consumption
(REC) and urbanization (URB) remain in
their original form because they are
expressed as percentages.

3.3  Model Estimation Techniques
The empirical analysis begins with
summarizing statistics and conducting

correlation analysis, followed by assessing
cross-sectional dependence among the
countries to  determine appropriate
methodologies. The risk of cross-sectional
dependence is heightened due to the
geographical proximity of the units and the
potential for shared characteristics. If cross-
sectional dependence (CSD) exists in the
data, it can lead to biased estimates and
unreliable inferences (Pesaran, 2004). To
mitigate this issue, the study employs
Pesaran's (2004) test for cross-sectional
dependency (CD), applicable to both small
and large panels. The null hypothesis of no
CSD, which is tested against alternative
hypotheses and can be rejected at the 1%, 5%,
and 10% significance levels, is stated as:
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If cross-sectional dependence is detected, the
data undergoes second-generation unit root
tests to prevent spurious outcomes.
Specifically, the study utilizes the cross-
sectional augmented Im, Pesaran, and Shin
(CIPS) test developed by Pesaran (2007). This
test builds upon the unit root test originally
proposed by Im et al. (2003). The CIPS test is
formulated as:

N

CIPS(N.T)=T=N">""t,

(N.T) (6)

where N and T are the numbers of cross-
sections and years, respectively. The left-
hand side of Eq. (6) is the unit root test for
heterogeneous panels, while on the right-
hand side, the term ti is the ordinary least
squares (OLS) t-ratios employed in cross-
sectional averaged augmented Dickey-Fuller
(ADF) regression. As a preliminary check,
this study also employed the Cross-Sectional
Augmented Dickey-Fuller (CADF) panel
unit test introduced by Pesaran (2007).
Thereafter we assessed whether a long-run
relationship exists among the variables using
the second-generation panel cointegration
tests proposed by Westerlund (2007). This
technique is suitable in the presence of CSD
in the data, and the null hypothesis of no
cointegration can be rejected at the 1%, 5%,
or 10% significance levels.

Finally, this study wused the panel
autoregressive distributed lag (ARDL)
model to estimate the parameters of the
model. This estimation technique not only
addresses cross-sectional dependence but
also accommodates different lag lengths for
different variables, captures both short-term
and long-term relationships, and provides
robust estimates even with small sample
sizes (Pesaran et al, 2001). The panel
autoregressive distributed lag (ARDL)
model is given as:

AINEFP, =, +, INEFP, +a, INFDI,

p
+a; INREC, + o URB, + > BAEFP_

j=0

q r
+z BAINFDI +Z BREC,,
j=0 j=0

+> BAURB + 14

j=0

Where i and j denote the lags (i =1, 2** p; j
=0,1,2, -*,s and t represents time); InEFP; is
the dependent variable, FDI, REC, and URB
are the explanatory variables; ao is the
intercept, a1 to as represent the long-run
coefficients of the explanatory variables, P is
the short-run coefficient of the lagged
dependent variable; B> to P4 represent the
short-run  coefficients of the lagged
explanatory variables. Lastly, p: shows the
error-term. The error correction forms of
model (7) is specified as follows:

p
AINEFP, =a,+ ) BAINEFR_,
j=0

q r
+> B,AINFDI_ +> BREC,, 8)
j=0 j=0

+ Z B,AURB,_, +ECT_, + 4,

j=0

ECT:1 represents the lagged value of the
error correction term from the cointegration
equation. It captures the long-term
equilibrium relationship between the
variables. The coefficient of ECT indicates
the speed at which deviations from the long-
term equilibrium are corrected in each
period.

4.0
4.1

Results and Discussion
Results of Pre estimations Tests

The summary of descriptive statistics (using
untransformed values) is presented in Table
2. The results revealed that the average
ecological footprint (EFP) in West Africa is
1.305 GHA, with a standard deviation of
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0.382, indicating moderate variability.
Foreign direct investment (FDI) averages
$536 million, with a wide range from -$884
million to $8,840 million and a standard
deviation of $1.180 million. Renewable
energy consumption (REC) averages
67.718%, ranging from 20.780% to 94.960%,
with a standard deviation of 20.269%, while
urbanization (URB) averages 41.193%,
varying between 15.407% and 67.545%, with
an 11.403% standard deviation.

Table 2: Descriptive Statistics

Variable EFP FDI REC URB
Mean 1.305 536 67.718  41.193
Minimum 0.778 -884 20.780 15.407
Maximum 2.794 884 94960  67.545
Std. Dev. 0.382 118 20.629  11.403
Observations 432 432 432 432

Source: Authors’ computations (2024).

In this study, pairwise correlation and
variance inflation factor (VIF) were
employed to detect the presence of
multicollinearity among the independent
variables under investigation and the results
are presented in Tables 3. From the pairwise
correlation reported on the lowest panel of
Table 2, all the variables with the exception
of foreign direct investment (FDI) indicate
significant negative association with the
dependent variable (EFP). In addition, none
of the regressors exhibit a perfect linear
relationship, as evidenced by correlation
statistics below 0.70 for all wvariables.
Consequently, there is no indication of
multicollinearity among the regressors.

Table 3: Results of Pairwise Correlation and
Variance Inflation Factor (VIF)
Variable InEFP InFDI

InEFP 1.000

REC URB

InFDI 0.877 1.000
(0.000)
REC -0.449 0.493 1.000
(0.000) (0.000)
URB -0.725 0.639 0.192  1.000
(0.000) (0.000)  (0.000)
Variance Inflation Factor:  2.748 1426 1.305

P-values in parentheses ( ) and In: natural
logarithm.

Similarly, the estimation of the variance
inflation factor (VIF) for each independent
variable, as shown in Table 3, aims to assess
the presence of multicollinearity. The results
affirm the absence of multicollinearity, as all
VIF values for the independent variables are
below 5.

The Pesaran (2004) CD test result presented
in Table 4 reject the null hypothesis of no
cross-sectional dependence at the 1%
significance level, suggesting that any shock
in one country may be transmitted to other
West African countries. The presence of
cross-sectional dependence highlights the
interconnectedness or shared influences
among these nations, indicating that
economic shocks or changes in one country
could have spillover effects on neighboring
countries within West Africa.

To examine the stationarity of the variables,
the Pesaran (2003) CADF and Pesaran (2007)
CIPS second-generation unit root test that
presumes “cross-sectional dependency” are
deployed. The outcomes from both tests
indicate that all the variables with the
exception of InFDI are stationary after taking
the first difference. The Westerlund (2007)
cointegration results indicate a long-run
relationship among the variables exist in the
model.

Table 4: Results of Cross-sectional Dependence, Slope Homogeneity, Unit Root, and

Cointegration Tests

Pesaran Pesaran (2003) CADF Pesaran (2007) CIPS
(2004) CD
Variables CD-test Level 1st Diff Level 1st Diff
InEFP 3.643%*** -1.181 -4.655*** -1.914 -5.870%**
InFDI 31.364*** -4.760*** N/A -3.612%** N/A
REC 23.239%** -1.777 -2.617*** -1.993 -4.834***
URB 55.172%** -1.771 -3.008*** -1.978 -3.133***
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Test Pesaran & Yamagata (2008)
Delta(A) P-Value Adj.(A) P-Value
10.642 0.000 12.686 0.000
Test Westerlund (2007) Cointegration Test

Variance ratio: -
1.970%**

P-value = 0.024

Note: ***p < 0.01, **p < 0.05, *p < 0.10, In: natural logarithm, CD: cross-sectional dependence,
CD and panel unit root tests performed using the Statal7.

To examine slope homogeneity, the Pesaran
and Yamagata (2008) test is utilized. The
results indicate that the slopes are
heterogeneous,  suggesting  that the
regression coefficients differ across West
African countries. This means the impact of
the independent variables on the dependent
variable varies across entities or time
periods. The null hypothesis in this test
assumes that the slope coefficients are

homogeneous (Pesaran and Yamagata,
2008).
4.2  Results of Long-run and Short-run

Estimations

The results of estimated long-run coefficients
of the model are reported in Table 5.

Table 5. Results of Estimated Long-run
Coefficients (Dependent variable is EFP)

Variables Coefficient Std. t- Prob.
Error Statistic

InFDI 0.108 0.018 6.020 0.000

REC -0.545 0.139 -3.921 0.002

URB -0.291 0.038 -7.658 0.000

Source: Authors’ computations (2024)

The results of estimated long-run coefficients
in table 5 revealed that foreign direct
investment (FDI) has positive and
statistically significant relationship with
ecological footprint (EFP) in the long-run.
This implies that the inflows of FDI lead to
an increase in environmental pollution in
West Africa. Specifically, a 1% increase in
FDI contributes positively to environmental
pollution by 0.108% in the long-run. This
finding validated the pollution haven
hypothesis in West Africa. Moreover, the
positive increasing effect may be due to the
relocation of polluting firms from high-
income countries with quality regulation to

low-income West African countries with less
stringent environmental regulation (Guzel
and Okumus 2020). The environmental
pressure of FDI is unsurprising because the
West African countries in this study are non-
high-income countries with increased
pollution. This result support the finding of
Esmaeili (2023). Contrarily, Halliru et al.
(2020) found evidence of positive
relationship between FDI and
environmental pollution in West Africa.

However, the results show that renewable
energy consumption (REC) has a negative
impact on EFP. The coefficient is -0.545 in the
long-run means, an increase of renewable
energy consumption (REC) by 1% will leads
to reduction of environmental pollution by
0.545% in the long-run. This suggests that an
increase in renewable energy consumption
contributes to a decrease in environmental
pollution in West Africa. Similarly,
urbanization (URB) exhibits a negative
impact on EFP. The coefficient is -0.291 in the
long-run, indicate that higher urbanization is
associated ~ with a  reduction in
environmental pollution in West Africa.

Table 6. Results of Estimated Short-run
Coefficients (Dependent variable is EFP)

Variables Coefficient Std. t- Prob.
Error Statistic
Intercept 0.357 0.083 4.300 0.000
AInEFP 0.364 0.040 9.100 0.000
AInFDI 0.033 0.012 2.730 0.015
AREC -0.068 0.047 -1.450 0.391
AURB 0.357 0.083 4.302 0.000
ECT (-1) -0.727 0.159 -4.549 0.000

Note: Akaike Information Criterion (AIC)
was used to select optimum lags of (1,1, 1,1,
1).

Source: Authors’ computations (2024)
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Table 6 presents the estimated short-run
coefficients for the ecological footprint (EFP)
model, estimated wusing the panel
autoregressive distributed lag (ARDL)
approach. The results show that the lagged
change in ecological footprint (AInEFP) has a
positive coefficient of 0.364, and also highly
significant (p-value 0.000). This indicates
that a 1% increase in past values of EFP
results in a 0.364% increase in the current
environmental pollution measured by EFP.
For foreign direct investment (AInFDI), the
coefficient is 0.033 and significant at the 5%
level (p-value 0.015). This suggests that a 1%
increase in FDI leads to a 0.033% increase in
EFP, indicating that FDI contributes to
environmental pollution in the short run.

The change in renewable energy
consumption (AREC) has a coefficient of -
0.068, which is not statistically significant (p-
value 0.391). Although the coefficient
suggests a negative relationship, indicating
that  increased  renewable energy
consumption could reduce EFP, this effect is
not significant in the short run. Urbanization
(AURB) shows a coefficient of 0.357, and
highly significant (p-value 0.000). This
indicates that a 1% increase in urbanization
leads to a 0.357% increase in EFP,
highlighting the significant impact of
urbanization on environmental pollution.

The error correction term (ECT (-1)) has a
coefficient of -0.727 and also highly
significant (p-value 0.000). This negative and
significant ECT confirms the presence of a
long-run equilibrium relationship among
the variables, with about 72.7% of the
disequilibrium from the previous period
being corrected in the current period. In
terms of model performance, the R-squared
value of 0.8505 indicates that approximately
85.05% of the variation in EFP is explained
by the model, demonstrating a good fit. The
F-statistic of 17.071, significant at the 1%
level (p-value 0.000), suggests that the
explanatory variables jointly have a
significant effect on EFP.

5.0 Conclusion and Recommendation

The relationship between environmental
pollution and macroeconomic variables
especially economic growth and foreign
direct investment has fueled recent debates.
As such, this study contributes to the
discourse by engaging an annual panel data
of 16 West African countries covering 1996-
2022. To achieve the study's objectives, panel
autoregressive distributed lag (ARDL)
estimation technique is applied. The main
findings reveal that foreign direct
investment increases environmental
pollution both in the short-run and in the
long-run. This result confirms the validity of
the pollution haven hypothesis in West
Africa.

Based on these findings, it is recommended
that policymakers should strengthen
monitoring and enforcement of
environmental regulations and strike a
balance between foreign direct investment
and environmental sustainability in West
Africa. Secondly, recognizing the adverse

impact of substantial foreign direct
investment on environmental quality,
policymakers  should  implement a

comprehensive set of measures to mitigate
these negative effects. Strategies may include
the establishment of stringent environmental
standards and regulations that foreign
investors must adhere to, ensuring that their
operations align with sustainable practices.
Additionally, promoting transparency and
accountability in the FDI approval process
can help scrutinize the environmental
implications of proposed investments.
Policymakers should actively engage with
foreign investors to encourage the adoption
of eco-friendly technologies and practices,
fostering a responsible and environmentally
conscious approach to foreign direct
investment. This multifaceted approach
aims to harness the benefits of FDI for
economic growth while safeguarding the
environment and promoting sustainability.
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