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1. Introduction

Environmental issues and their integration have become major concerns of our time. Economic
development policies have led to significant degradation of the planet's environment through
overexploitation of natural resources and pollution (Van Duysen and Jumel, 2008: 41). Since the United
Nations Framework Convention on Climate Change (UNFCCC) came into force on March 21, 1994,
the international community has been looking for ways to control the phenomenon, reduce its adverse
effects and develop adaptation strategies for the most vulnerable populations. According to the
International Energy Agency (IEA, 2014), global energy production for consumption comes from fossil
fuels and represented 11.2 Gtoe' in 2004, with 3.95 Gtoe for global oil production, 2.8 Gtoe for coal,
2.4 Gtoe for natural gas, 1.2 Gtoe for biomass and renewables and 0.7 Gtoe for nuclear. The concept of
sustainable development formalized by the Brundtland Report (1987) requires every nation to reflect on
the interactions between Man, Society and Nature. The importance attached to global warming has
changed the logic of environmental protection in public debate, since Greenhouse Gas (GHG) emissions
in one region affect the whole planet. From an economic point of view, the climate is considered a
“global public good” (Kindleberger, 1986), which dilutes the responsibilities of each emitting country.
The countries of the Economic Community of West African States (ECOWAS) are not immune to these
issues. The economies of the ECOWAS states are essentially based on natural resources, including
forests, wildlife, grazing land, water and farmland. These resources are exploited by populations that
are growing at an exponential rate. This situation creates conflicts and deadlocks in the management of
these resources and generates effects and phenomena that degrade the environment. These problems are
compounded by GHG emissions, including carbon dioxide (CO2). The poor quality of the environment
has a negative impact on people's living conditions.

Admittedly, some work has introduced the environmental issue into economic analysis, based on the
Kuznets Environmental Curve (KEC). But the results of this work are mixed. Some corroborate the
CEK (Holtz-Eakin and Selden, 1995; Shahbaz and al., 2014; Wang and al., 2022); others do not (Parikh
and Shukla, 1995; Kuo and al., 2014; Shahbaz and al., 2018).

The divergence in results can be explained by the nature of the data, the variables and the methodology
used. Indeed, the results obtained from time-series data would be biased if the number of observations
is low. Similarly, using two variables to explore the link between economic growth and pollution would
lead to partial results, as certain macroeconomic variables could play an important role in this
relationship. From this perspective, what is the relationship between economic growth and
environmental quality in ECOWAS countries? This article is in line with this theme and adds to the
literature on ECOWAS countries.

By responding to the research question and the limitations of previous work, the article contributes to
the literature on the subject on several points: the first contribution is that few studies have tackled this
theme in this geographical area; the second contribution is the use of panel data, which provides reliable
results ; the third contribution results from the integration of other variables such as total energy
consumption, population density, share of the industrial sector, trade openness and foreign direct
investment; the fourth contribution is methodological and consists in using decoupling indices and the
Panel Smooth Threshold Regression (PSTR) model, unlike previous studies which used the
AutoRegressive Distributed Lags (ARDL), Vector AutoRegressive (VAR) and Vector Error Correction
Model (VECM) models.

! Gtep: unit of measurement for energy. 1 Gtep = 10° Mtep = 10° Ktep = 10° toe; with toe the tonne of oil
equivalent.
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The rest of the paper is organized as follows. Section 2 presents the literature review, followed by the
analytical methodology in section 3. The fourth section describes the data and variables used in the
study. Results and discussion are reported in section 5. Finally, the last section concludes.

2. Literature Review
This section encompasses previous theoretical and empirical contributions.
2.1  Theoretical Foundations

This subsection focuses on the theoretical perspectives regarding the relationship between economic
growth and the environment.

2.1.1 Natural Capital in Economic Thought

Three major schools of thought have examined the theoretical foundations of the market economy by
exploring the relationship between economics and the environment: classical economics, neoclassical
economics, and institutional economics.

The early theories of economic growth (Smith, 1776; Malthus, 1798; Ricardo, 1817) emphasized the
importance of capital accumulation in the growth process. For Smith, the division of labor enhances
skill specialization and eliminates inefficiencies. Ricardo and Malthus viewed capital accumulation as
the primary driver of growth. The classical economists identified three factors of production: land, which
includes natural resources, capital, and labor. By linking economic growth to environmental
considerations, the Malthusian and Ricardian theories focused on how the fixed supply of land would
constrain economic growth, leading to its eventual stagnation. Over time, production would increase at
a diminishing rate per additional unit of capital and labor. The competition for the best land would drive
up rents, reducing profits until only landlords could earn rents, leaving no profits for capitalists and
halting investment. Wages would stabilize at subsistence levels, population growth would cease, and
the economy would reach a stationary state of stagnation and misery. Mill (1848) introduced ethical
dimensions into political economy, advocating state intervention and viewing the environment as both
a productive source and a provider of well-being.

Neoclassical theory reinforced classical conclusions by redefining foundational economic assumptions,
such as introducing a new theory of value based on utility. Walras (1875), in his studies, explored the
three dimensions of sustainable development. Jevons (1878), a pioneer of natural resource theory,
focused on coal and demonstrated that increasing the extraction of non-renewable natural resources
leads to price increases that can support economic growth. The oil shocks of the 1970s, however,
reignited concerns about natural resources. The relationship between the economy and the environment
was reexamined, particularly in light of the risk of resource depletion. In line with Malthus's (1798)
reflections, the Club of Rome published a report titled Limits to Growth, which argued that continued
economic growth would lead to medium-term population decline due to soil degradation, fossil fuel
depletion, and pollution. In 1987, aiming to bridge the development gap for the Global South while
preserving the environment, the United Nations established the World Commission on Environment and
Development (WCED), which produced the Our Common Future report.

Institutional economics views the market as a social construct shaped by human activity, with needs
organized hierarchically, similar to Maslow’s (1943) pyramid structure. This school of thought
emphasizes the connection between economics and ethics, drawing inspiration from Mill (1848).
Humans experience physiological needs, which are complemented by material needs such as security
and protection. This perspective calls for a reorientation of value systems, stressing the necessity of
ethical considerations to guide economic action.
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2.1.2 Economic Assessment and Externalities of Air Pollution

Economically, the environment is a composite asset that provides the economy with raw materials
transformed into consumer goods through the production process, as well as the energy required to fuel
this transformation (Figure 1). At the end of the chain, these raw materials and energy are discharged
back into the environment in the form of waste.

Figure 1: Economic System and the Environment
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The externalities of air pollution on the environment are felt at various levels: on buildings and
monuments, vegetation, and human health. For buildings and monuments, these externalities manifest
as corrosion caused by sulfur compounds, blackening and encrustation from dust or particles generated
by the combustion of fossil fuels, often in combination with humidity and microorganisms. For
vegetation, the impacts include reduced growth, sometimes leading to poor agricultural yields. Other
negative effects include acid rain, which depletes soil nutrients and leads to forest decline. Air pollution
also has harmful effects on human health. According to the World Health Organization (WHO), it ranks
as the 13th leading cause of mortality globally. In developing countries, where regulatory standards are
less stringent and evaluation technologies remain outdated, the WHO estimates that air pollution
accounts for approximately 2 million premature deaths annually, including 82,000 in Sub-Saharan
Africa (WHO, 2008).

2.1.3 Analysis of the Environmental Kuznets Curve

The Environmental Kuznets Curve (EKC) illustrates a shift in the positive relationship between
environmental degradation and income per capita, transitioning to a negative relationship beyond a
certain threshold.
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Figure 2: Different Phases of the Environmental Kuznets Curve
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Figure 2 shows three major columns in which countries can be classified based on the type of
relationship between income per capita and per capita pollutant emissions: the left column, the central
column, and the right column. The first column corresponds to pre-industrial nations, where the
relationship between income per capita and pollutant emissions is positive. The second column pertains
to industrial economies. In these countries, the consumption of natural resources, particularly energy, is
higher; environmental degradation reaches its peak, and income per capita improves this represents the
turning point. In the third column, the increase in GDP per capita is a decreasing function of per capita
CO; emissions. This situation characterizes post-industrial economies, which, having reached a high
level of development, shift toward less polluting technologies and focus on service-oriented activities.

2.2 Empirical Review

This subsection presents, on one hand, studies confirming the Environmental Kuznets Curve and, on the
other hand, those that do not.

2.2.1 Summary of Studies Confirming the Environmental Kuznets Curve

The 1990s marked the beginning of empirical studies testing the effects of economic growth on
environmental indicators (CO, CO., SO,, NOx, deforestation, municipal waste, particulate matter, etc.).
In testing the Environmental Kuznets Curve (EKC) hypothesis for air and water pollution, with turning
points set at $5,000 and $8,000 respectively, Grossman and Krueger (1991, 1995) obtained an inverted
"U"-shaped curve. Shafik and Bandyopadhyay (1992), studying a sample of 149 countries from 1960 to
1990, found an inverted "U"-shaped curve for SO, deforestation, and CO, emissions, with turning points
at $3,000, $2,000, and $4,000, respectively. Holtz-Eakin and Selden (1995) studied the link between
economic development and CO, emissions and concluded that as GDP increases, the marginal
propensity to emit CO, decreases.

As research evolved, various variables were introduced into the analysis of the determinants of
environmental quality. For instance, Zhu and al. (2012), using a semi-parametric model and observing
variations in 20 emerging countries, confirmed a non-linear, inverted "U"-shaped relationship between

http://www.ijsmes.com 509



International Journal of Strategic Management and Economic Studies (IJSMES) — ISSN: 2791-299X

urbanization and CO; emissions. Shahbaz and Bandyopadhyay (2014) studied the effects of economic
growth on CO, emissions, incorporating explanatory variables such as electricity consumption,
urbanization, income per capita, and exports, and found an inverted "U"-shaped relationship. Using a
PSTR (Panel Smooth Threshold Regression) model on a panel of 146 countries covering the period
1990-2016, Khan and Eggoh (2021) demonstrated that trade openness increases CO, emissions and
attenuates the positive effect of income in the EKC. In this context, the work of Wang and al. (2022),
employing various methodological approaches, validated the EKC hypothesis.

2.2.2 Summary of Studies Not Confirming the Environmental Kuznets Curve

Other researchers have tested the EKC hypothesis and did not find the inverted "U"-shaped curve. The
diversity of results can be attributed to factors such as the level of development of the countries, the
study period, the degree of homogeneity of the sample, the control variables, and the cubic or quadratic
form of the EKC model. For example, Parikh and Shukla (1995), in exploring the effects of urbanization
on energy consumption and carbon emissions in developing nations, found that a 10% increase in the
urban population led to a 4.7% increase in per capita total energy consumption and a 0.3% increase in
per capita CO emissions.

In a study on South Africa, Menyah and Wolde-Rufael (2010) demonstrated a unidirectional causal
relationship from pollutant emissions to economic growth, and from energy consumption to CO;
emissions, contrasting with Ozturk and Acaravci (2010), who, using a distributed lag cointegration
model, found no causal relationship between energy consumption and carbon emissions. In Saudi
Avrabia, the results of Alkhathlan and Javid (2013) using the ARDL approach indicated a short-term and
long-term relationship between energy consumption, economic growth, and CO, emissions. In their
causality analysis, Kuo and al. (2014) showed that, in Hong Kong, there is a unidirectional causal
relationship between CO. emissions and energy consumption, and between economic growth and CO;
emissions.

Despite the existence of a long-term relationship between economic growth and environmental quality,
Zhang and al. (2017) applied three methods AutoRegressive Distributed Lags (ARDL), Vector
AutoRegressive (VAR), and Vector Error Correction Model (VECM) for China during the period 1978-
2016 and found divergent results depending on the method used. Shahbaz and al. (2018) found that
economic growth is positively linked to environmental quality, while financial development increases
CO; emissions. Fongnikin and Lanha (2020) used the "Stochastic Impacts by Regression on Population,
Affluence and Technology" (STIRPAT) model to study the factors driving environmental degradation
in four West African Economic and Monetary Union (WAEMU) countries from 1974 to 2014. Using
the "Fully Modified Ordinary Least Squares" (FMOLS) and "Dynamic Ordinary Least Squares" (DOLS)
methods, they concluded that population density does not influence CO, emissions, while GDP per
capita, agricultural practices, and urbanization have a positive impact on CO; emissions.

3. Methodology of analysis
This section is structured around two key points: the formalization of the model and the tests.
3.1 Specification of the PSTR model

To examine the relationship between economic growth and CO; emissions, this study uses the PSTR
(Panel Smooth Threshold Regression) model developed by Gonzélez and al. (2005). The PSTR model
is a generalization of the PTR model by Hansen (1999). Unlike the PTR model, which suggests a sudden
transition between two extreme regimes located on the left and right of a threshold, the PSTR model
models phenomena where the transition from one regime to another occurs gradually (smooth
transition). This model allows for accounting for the heterogeneity in the relationship between economic
growth and pollutant emissions. The functional form of the model is:
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CO, = f(GDPh, ENG, DNS, IND, OUV, FDI) 1)
In its PSTR from, equation (1) is expressed as follows:
InCO2;; = y; + BoInGDPh;; + B1InGDPh;;g(InGDPh;;_1; v, ¢) + oy Zi; + &t 2

withi=1,2,...,N representing the number of individuals and t = 1,2,...,T denoting the study period. The
dependent variable CO; represents carbon dioxide emissions per capita. The variable of interest is the
Gross Domestic Product per capita (GDPh), which is also used as the threshold variable in this study
(Van Dijk and al., 2002); ui denotes country-specific fixed effects. Bo and B; represent the parameter
vectors of the linear and nonlinear models, respectively. Zi: is a k dimensional vector of control variables,
including total energy consumption, population density, the share of the industrial sector, trade
openness, and Foreign Direct Investment (FDI). The transition function g(InGDPhj,_;; v,c) is
continuous and integrable over [0,1]. This function depends on the threshold variable InGDPh;,_4, the
smoothing parameter (y) and a vector of threshold parameters (c). The error term &;; independently and
identically distributed i.i.d. (0,6%). Drawing inspiration from Terasvirta (1994), and Gonzélez and al.
(2005), this article considers a logistic transition function of order m, defined as follows:

1
g(InGDPhj_;; y,¢) = [1 + exp (—yn]-'il(lnGDPhit_l — C]-))] 3)

wherey>0c¢; <c, <...<cp

¢ = (¢, ..., cm) represents a vector grouping the threshold parameters, and v is a smoothing parameter
describing the transition from one regime to another, where y> 0. The order of the logistic transition
function directly influences the transitional dynamics between extreme regimes. According to Gonzalez
and al. (2005), it is generally sufficient to consider m = 1 or m =2, The case m = 1 corresponds to a
logistic PSTR specification, whereas m = 2 corresponds to a quadratic logistic PSTR model. If y —oo,
the transition becomes abrupt between regimes, and the transition function g(InGDPh;;_;; v, c)
simplifies to g(InGDPh;;_; y) reducing the PSTR model to a PTR model (Hansen, 1999). Conversely,
when y —0, the transition function g(InGDPh;;_4; y, ¢) remains constant, and the PSTR model reduces
to a fixed-effects panel model. Finally, small and large values of (InGDPh;;_,) correspond to the two
extreme regimes. The elasticity of CO, emissions concerning economic growth for country | at time t is
expressed as follows:

alnCOZit (4)
9GP, Bo + B18(InGDPh;;_4; v,©)

The elasticity of CO, emissions with respect to economic growth can be considered as a weighted
average of the parameters $, and B, and as such, it allows for a more precise analysis of the impact of
economic growth on pollution.

3.2 Testing Procedure

Before estimating the PSTR model, some tests are required: the linearity test and the "no remaining
linearity" test. The linearity test aims to determine whether the relationship between the dependent and
independent variables can be represented by a regime-switching model or not. This involves testing the
null hypothesis Hy: y = 0 ou Hy: 1 = 0.

The test will be non-standard in both cases under the null hypothesis, as the PSTR model contains
nuisance parameters that are undetermined. To address this, Gonzalez and al. (2005) suggest following
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the same procedure proposed by Luukkonen and al. (1988) for Smooth Transition Autoregressive
Regression (STAR) models, by replacing the transition function g(InPIB;;_4; v, c) with its first-order
Taylor expansion around the null hypothesis Hy: y = 0 and testing an equivalent hypothesis in an
auxiliary regression. For m regimes, the model (5) is as follows:

InCO,;¢ = i + ByInGDPhy; + B1InGDPh;InGDPh;;_1+... +B,InGDPhyInBit_,, + €; (5)

The B; coefficients being proportional to the smoothing parameter y of the transition function, the
linearity test of the economic growth-pollution model with respect to the PSTR model boils down to
testing:

{HO: B1=0

Hi:B1 #0

This hypothesis is tested using the Lagrange multiplier statistic. Let SCRo be the sum of squared
residuals from a linear model with individual effects, and SCR1 the sum of squared residuals from a
nonlinear (PSTR) model with m regimes. The associated Fisher statistic is given by:

(SCR, — SCR,)/mK ©)
LMg = ~ F(mK, TN — N — mK
F = SCRo/(TN—N—m) ~ " (MK TN =N —mK)

With T representing the number of years, N the number of countries, and K the number of explanatory
variables, the "no remaining linearity" test aims to determine the number of thresholds (or regimes)
required to describe the data dynamics (Colletaz and Hurlin, 2006). Specifically, this involves testing
the null hypothesis of a PSTR model with a single transition function (r = 1) against the alternative
hypothesis of a PSTR model with at least two transition functions (r = 2).

4.  Data and Definition of Variables
This section is dedicated to the descriptive analysis of the data and the definition of the variables.
4.1 Descriptive Analysis of the Data

The first subsection presents the data and descriptive statistics. The second analyzes the evolution of
CO; between 1996 and 2021 by applying the concept of decoupling.

4.1.1 Data and Sources

Annual data from the World Bank database (World Development Indicators (WDI, 2023)) are used in
this study. The data concerns the ECOWAS countries and spans the period 1996-2021, covering 26
years. Table 1 presents the descriptive statistics of the variables. Between 1996 and 2021, the average
CO; emissions are 0.398 metric tons per capita. The minimum CO; value is 0.053 metric tons per capita,
recorded in Niger in 2006, while the maximum value is 0.906, recorded for Nigeria in 1996. The average
GDP per capita is 1076.279 US dollars, with a minimum value of 197.833 in Niger in 2000 and a
maximum value of 3098.986 in 2014 for Nigeria. Energy consumption averages 402.216 kilotons of oil
equivalent per capita (ktep/cap), with a maximum value of 799.630 (ktep/cap) in 2021 in Nigeria and a
minimum value of 113.090 (ktep/cap) in Niger in 2011. Population density fluctuated from 1996 to
2021, ranging from 8.013 (in 1996 in Niger) to 228.738 (in 2021 in Nigeria), with an average of 89.044
during the study period. The value added by the industrial sector stabilized around the average of 21.330.
The lowest level was 12.566 in 1998 in Benin, while the highest level was recorded in 1996 with 37.445
for Nigeria. Over the period, the trade openness rate stabilized around the annual average of 28.340.
After reaching its lowest level in 2020 (8.176 for Nigeria), it continuously increased to 58.024 in 2000
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for Ghana. The average FDI during the period was 2.407, with a minimum level of -2.545 in 2018 and
a maximum value of 18.818 recorded in Togo in 2011.

Table 1. Descriptive Statistics

Variables Sl Mean E‘;?g?ard- Min. Max.
CO; (MT/hbt) 182 0.398 0.198 0.053 0.906
CipiP [gEr EEiE deR 1076.279 684473  197.833  3098.986
(current US dollars)

ENG (ktep/per capita) 182 402.216 189.030 113.090 799.630
DNS (hbt/km?) 182 89.044 50.748 8.013 228.738
IND (% GDP) *100 182 21.330 4.900 12.567 37.444
OUV (% GDP) *100 182 28.340 9.557 8.176 58.024
FDI (% GDP) *100 182 2.407 2.603 2.545 18.818

Note: MT = Metric Tons; hbt = Per Capita; ktep = Kilotonnes of Oil Equivalent.
Source: Autors, WDI (2023).

4.1.2 Multicollinearity Test

Multicollinearity leads to an increase in the estimated variance of certain coefficients when collinearity
between the explanatory variables rises, causing instability in the coefficient estimators. Table 2 presents
the results of this test.

Table 2. Multicollinearity Test for Different Variables

InCO2 INGDPh INENG INDNS InNIND InOUV FDI
InCO2 1.000
INGDPh  0.664 1.000
INENG 0.742 0.551 1.000
INDNS 0.760 0.555 0.763 1.000
InIND 0.333 0.233 0.083 0.237 1.000
InOUV 0.167 -0.153 0.041 0.254 -0.1725 1.000
FDI -0.070 0.034 -0.249 -0.063 0.139 0.315 1.000

Source : Autors, WDI (2023).

According to Gujarati (2003), multicollinearity is a concern when correlation coefficients exceed 0.8.
As shown in Table 2, the correlations between the dependent variable and the independent variables are
significant. In fact, GDP per capita is correlated with CO, emissions. However, this raises the issue of
omitted variable bias. It is crucial to run regressions with control variables. In light of the table, it appears
that the correlation between GDP per capita and the control variables is significant but relatively weak.
The same holds true for the correlations between pairs of control variables.

4.1.3 Stationarity Tests

Different tests are used to check the stationarity of panel data. First-generation tests aim to test for the
presence of unit roots while considering heterogeneity under the assumption of individual independence.
These tests are then corrected by second-generation tests that account for potential inter-individual
dependencies. In this study, we first test for the existence of inter-individual dependence (Table 3); then,
we conduct first and second-generation tests based on the results obtained.
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Table 3. Test of Inter-Individual Independence in the Case of Heterogeneous Panels (Pesaran,

2004)
Variables Statistics p-value
InCO, 3.990™ 0.000
INGDP per capita 21.630" 0.000
INENG 11.190™ 0.000
INDNS 23.340™ 0.000
InIND 0.580 0.559
InOUV 2.370™ 0.018
FDI 1.460 0.145

Note : Significativity : *** 1% ; “5%.N=7; T =26 ; Obs = 182.
Source : Autors, WDI (2023).

The interdependence tests show that first-generation tests are sufficient for two variables (InIND and
IDE). The Pesaran (2004) test, presented in Table 3, allows us to reject the hypothesis of
interdependence between the panel individuals for these variables. Second-generation tests (Table 4) are
necessary to test the stationarity of the other variables in the model.

Table 4. Results of Panel Unit Root Tests

Tests Variables
InCO2 InPIBh INENG INDNS ININD InOUV IDE
IPS -2.440" -1.796™ -2.7427 -3.098™ - -2.402" -
0.007 0.036 0.003 0.001 0.008
LLC -3.049™ -2568™"  -1.812"  -7.882"" - -3.009" -
0.001 0.005 0.035 0.000 0.001
Pesaran - - - - -1.328" - -1.964™
0.092 0.025
T 26 26 26 26 26 26 26
NT 182 182 182 182 182 182 182

Source : Autors, WDI (2023).

4.1.4 Decoupling: Concept (s) and calculation

A complementary analysis to descriptive statistics is "decoupling.” The first definition of "decoupling"
was provided in 2001 by the Organization for Economic Co-operation and Development (OECD) in its
report titled "Environmental Strategy for the First Decade of the 21st Century." In this report,
"decoupling” is defined as the break in the positive relationship between the production of economic
goods and the harmful effects on the environment. The concept of decoupling suggests that domestic
production can increase while environmental degradation can be controlled. There are two types of
decoupling: "resource decoupling™ and "impact decoupling." The first refers to the decoupling between
resource use and economic growth, while the second refers to the decoupling between the environmental
impact of resource use and economic growth.

Decoupling, whether resource or impact decoupling, can be either relative or absolute. It is relative when
the amount of material used grows slower than a given economic index, and absolute when the amount
of material used decreases while the economic index grows. Wang (2010) defined decoupling and its
opposite, recoupling. According to the author, decoupling refers to the ratio of the variation in natural
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resource use (resource decoupling) or the variation in environmental pressure relative to the economic
growth rate over a specific period. However, the present research refers to the OECD decoupling index
(2002). Let ID denote this index; we have:

(EP/DF)end of the period

ID =
(EP/DF)debut of the period

where EP represents environmental pressure, measured by CO, emissions per capita, and DF represents
output, measured by GDP per capita. Moreover, the Decoupling Index (ID) can take various values.
Thus:

if 0 <ID < 1 itindicates a situation of relative decoupling;

if ID = 1 itindicates a situation of absolute decoupling;

if ID < 0 it indicates a situation of recoupling

Table 5 summarizes the decoupling index between CO, and GDP for each country over six-year periods
and the entire study period.

Table 5. Results of the decoupling index calculation (CO.—GDP) over the period 1996-2021

Countries/ 1996-2001 2001-2006 2006-2011 2011-2016 2016-2021  1996-2021
Periods

Benin 1.155 1.039 0.881 1.311 0.768 1.066
Cote- 1.723 0.584 0.740 1.1991 0.810 0.722
d’Ivoire

Ghana 1.981 0.356 0.717 0.958 0.930 0.451
Niger 1.079 0.576 1.019 1.262 0.753 0.603
Nigeria 0.702 0.273 0.624 1.168 0.999 0.139
Senegal 1.534 0.695 0.892 1.252 0.760 0.905
Togo 0.858 0.839 0.975 0.586 0.775 0.318

Source : Autors, WDI (2023).

It can be deduced from Table 5 that no country in ECOWAS is in a recoupling situation, neither from
one period to another nor over the entire study period. CO, emissions have not grown faster than GDP
per capita. Benin and Niger are in an absolute decoupling situation for almost all periods, including the
entire study period. C6te d'lvoire and Senegal are in a relative decoupling situation, except for the sub
periods 1996-2001 and 2001-2016. Except for the period 1996-2001, Ghana is in a relative decoupling
situation. Nigeria is in a relative decoupling situation except for the sub periods 2011-2016 and 2016-
2023, while Togo is in a relative decoupling situation across all periods.

4.2 Definition of variables

The relationship between economic growth and environmental effects is difficult to test due to the lack
of long-term data on environmental pollutants. As a result, studies tend to focus on variables such as
CO; emissions and energy use, for which databases are available. The use of CO; is justified by the fact
that this variable alone accounts for 75% of global warming. Additionally, its regulation has become a
very important intergovernmental issue (Talukdar and Meisner, 2001).

CO; emissions are measured in metric tons per capita. Gross Domestic Product per capita (GDPh) is in
current US dollars, capturing the effect of the level of development on the environment. According to
the Environmental Kuznets Curve (EKC), as a country wealth increases, individuals prioritize
environmental quality once their basic needs are met.
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Energy consumption (ENG) is measured in kilotons of oil equivalent (ktep) per capita. Like capital and
labor, energy is a factor of production and plays a significant role in the economic, social, political, and
environmental aspects (IEA, 2014). It contributes to the creation of wealth and the well-being of
populations. Energy consumption refers to the use of solid biomass, liquid biomass, biogas, coal, oil,
shale oil, and natural gas products as energy sources. It is the second-largest source of greenhouse gas
emissions globally.

Population density (DNS) is the number of people per square kilometer. It is an explanatory factor for
environmental quality. As the population grows, the environmental quality deteriorates (Dinda, 2004).
Population growth increases food demands, overexploitation, depletion of natural resources, and
pollution emissions.

The industrial sector share (IND) is the percentage of total GDP. According to Liddle and Lung (2010),
including the industrial sector in the economy would lead to a mis-specification of the model, as the
share of the manufacturing sector in economic activity has declined in recent years, which is not the
case for CO, emissions. Therefore, the value added by the industrial sector in GDP is an indicator of
technological impact.

Trade openness (OUV) is measured by the sum of imports and exports relative to GDP. It affects
environmental quality (Dinda, 2004). It has a dual effect: through an economies of scale effect, trade
(exports) can accelerate the production of an economy, leading to more pollution. Through a
composition and/or technical effect, developed nations (due to strong environmental regulation) may
relocate polluting industries to poor economies with weak environmental regulation through foreign
direct investment, which results in decreased pollution in rich nations.

Foreign Direct Investment (FDI) is expressed as a percentage of GDP. It contributes to capitalizing
national assets, stimulating job creation, and improving productivity and economic competitiveness
through imported technology and expertise (UNDP, 2003). The influence of FDI on environmental
quality is explained by the "pollution haven™ hypothesis or the "pollution halo™ hypothesis. These two
hypotheses argue that depending on the production activities and technology adopted by foreign
companies, an increase in FDI may either increase (haven) or decrease (halo) pollution emissions in host
nations (Solarin and al., 2017).

5. Results and discussion

This section presents and discusses the main results of the economic growth-pollution relationship
obtained from a Panel Smooth Threshold Regression (PSTR) model proposed by Gonzalez and al.
(2005). In the specification, the variable that exhibits non-linearity (GDPh) is also used as the threshold
variable in the transition function. The results are presented in three stages: first, the non-linearity tests;
second, the determination of the number of regimes; and finally, the estimation of the PSTR model.
The testing procedure is as follows: initially, the linear model (r = 0) is tested against a non-linear model
with one threshold (r = 1). If the null hypothesis is not rejected, the procedure stops. However, if the
null hypothesis is rejected, the next step is to test the non-linear model with one threshold against a non-
linear model with two thresholds (r = 2). Each test is performed with a first-order transition function (m
= 1), followed by a second-order transition function (m = 2). It is also possible to test a model with three
(3) transition functions, or even more, with higher-order transition functions (m > 2).

5.1 Results of linearity tests

The results of the non-linearity tests between economic growth and pollution using GDP per capita as
the transition variable are presented in Table 6.
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Table 6. Linearity tests

Test hypotheses Ho : linear model
H;: PSTR model with at least one threshold variable (r = 1)
Order of function m=1 m=2
Wald Tests (LM): W =37.490 pvalue = 0.000 W =55.211 pvalue = 0.000
Fisher Tests (LMF) F=28.821 pvalue = 0.000 F=7.185 pvalue = 0.000

Source : Autors, WDI (2023).

The LM and LMF tests allow us to reject the null hypothesis of the linear model at a 1% significance
level. We can state with a 1% risk of error that there is a nonlinear relationship between economic growth
and the variables in the model, particularly CO emissions.

5.2 Results tests “’no remaining linearity?’

After the linearity tests, determining the optimal number of transition functions is necessary. This aims
to determine the number of regimes that describe the dynamic relationship between economic growth
and pollution. The two tests (LM, LMF) in Table 7 help to choose between a one-threshold transition
function and a two-threshold transition function.

Table 7. Determining the Optimal Number of Thresholds

Test hypotheses Ho: The model is a PSTR with one threshold (r = 1)
H;: The model is a PSTR with at least two thresholds (r = 2)

Order of function m=1 m=2
Wald Tests (LM): W =8.441 pvalue = 0.134 W =20.195 pvalue = 0.027
Fisher Tests (LMF) F =1.556 pvalue = 0.175 F=1.935 pvalue = 0.044

Source : Autors, WDI (2023).

Table 7 shows that, at a 1% significance level, the null hypothesis of a PSTR model with a single
threshold cannot be rejected. There is only one transition function and one threshold for economic
growth (r=1, m=1).

5.3 Final estimation of PSTR model

The results of the two-regime PSTR model estimation, with CO, emissions as the dependent variable,
are presented in Table 8. One of the specific features of the PSTR model is that coefficients o and p:
cannot be directly interpreted, as there is an infinite range of coefficients between regimes. However, if
the parameter B1 has a negative sign, the impact of the explanatory variable on the dependent variable
decreases as a function of the threshold variable (Eggoh and Villieu, 2013). Beyond a threshold of
8.4487, the PSTR model indicates a change in slope in the relationship between economic growth and
pollution®. Therefore, the effect of economic growth on pollution is given:

aco,
Bo <

< .
aGDP—Bo+B1SIB1>0

2 Since GDP values are in logarithms, the threshold is obtained from the following formulas: Ina = b and a = €®.
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aco, _
Bo+81$aGDPSBOSIB1<O

Table 8. Estimation of the PSTR with pollution as the dependent variable (CO>)

Model PSTR
Variables Bo By
INENG 0.846™" -0.095™"
(0.210) (0.698)
[4.024] [-7.375]
INDNS 0.584™" 0.492™
(0.129) (0.151)
[4.542] [3.252]
InIND 0.144 0.027
(0.124) (0.176)
[1.166] [0.155]
InOUV -0.073 0.234™
(0.040) (0.047)
[-1.807] [4.943]
FDI 0.010™ -0.013"
(0.002) (0.008)
[4.133] [-1.641]
(m',r) (1,1) (1,2)
Pente (Y) 118,405 118.405
Seuil (c) 3,108 (8.449) 3.108 (8.449)
RSS 0.864 0.864
AIC -5.144 -5.144
BIC -4.933 -4.933

Notes: Student's t statistics are in square brackets. Robust standard errors are in parentheses.
*** n<0,01 ; ** p<0,05 ; * p<0,1.
Source: Autors, WDI (2023).

In light of Table 8, we observe that the variables INENG and InDNS are significant at the 1% threshold.
The variable InIND has a positive but non-significant effect on CO; emissions in both the lower and
upper regimes. The coefficient of the variable INOUV is negative and non-significant in the lower regime
but becomes positive and significant in the upper regime. Finally, the variable FDI is positive and
significant at the 1% threshold in the first regime and negative and significant at the 10% threshold in
the second regime.

The smoothing parameter gamma, which describes the speed of transition between the two extreme
regimes, is relatively high and significant. This indicates that the transition from one regime to the other
occurs quite abruptly. While a Panel Threshold Regression (PTR) model could have been sufficient to
analyze the non-linear relationship between economic growth and pollution, the PSTR (Panel Smooth
Threshold Regression) modeling is more comprehensive. It also has the advantage of providing
elasticities derived from the weighting of variable coefficients in the extreme regimes.

5.4 Discussion of the results

The estimates reveal that the coefficient of the variable ENG (Bo) is positive, while the coefficient (B1)
is negative, both statistically significant. This suggests that an increase in energy consumption has a
positive effect on CO, emissions in the first regime. This result confirms studies showing a positive
relationship between energy consumption and pollutant emissions. These findings align with those of
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Sotamenou and Nguepdjio (2019), who, using an ARDL model in Cameroon for the period 1975-2013,
demonstrated that fossil and electrical energy consumption are sources of carbon emissions in the short
term, though no long-term relationship exists between energy consumption and CO; emissions.
Similarly, studies in Nigeria and Turkey have shown that increased energy consumption leads to higher
CO; emissions (Akpan and Akpan, 2012). Beyond a certain GDP threshold, the influence of energy
consumption on CO; emissions becomes negative. The results in the second regime corroborate the
empirical literature, which supports a negative relationship between energy consumption and pollutant
emissions.

Similarly, the coefficients (o) and (1) for the variable DNS are positive and significant. Population
pressure is an explanatory factor for environmental quality. Indeed, population growth leads to increased
food demands, overexploitation, reduction of natural resources, and a rise in pollutant emissions. This
result is confirmed by Li and Ma (2014), and Begum and al. (2015). Moreover, Martinez-Zarzoso and
al. (2006) revealed that in EU countries, population growth leads to increased CO- emissions.

Trade openness negatively impacts pollution in the first regime, though not significantly. The negative
impact of trade openness on carbon emissions can be explained by the fact that accelerating international
trade raises per capita income in these countries, prompting economic agents to focus more on
environmental quality. This result confirms the findings of Magnani and Tubb (2007), who showed that
trade openness negatively influenced emissions of certain pollutants (CO2, SO,, NOg, etc.) in OECD
countries. Similarly, Shafik and Bandyopadhyay (1992) argued that trade openness could reduce
environmental degradation through technology transfer. However, beyond a certain GDP threshold,
international trade significantly contributes to CO, emissions in ECOWAS countries. As these countries
become more open to the world, their CO, emissions increase significantly. This is reflected in the scale
effect: higher export levels require increased production, leading to more CO, emissions. This result
supports Managi (2004), who found that international trade in both developed and developing countries
increases environmental pressure.

Finally, FDI is significant and positive in the first regime. However, after a certain GDP threshold, the
impact of FDI on environmental degradation becomes negative. CO, emissions were marginal over the
study period, suggesting that FDI has a weak link with CO; emissions.

6. Conclusion and policy implications

This paper examined the relationship between economic growth and environmental pollution in
ECOWAS countries using the PSTR model. From a methodological standpoint, the model relates CO,
emissions to GDP per capita, biomass energy, fossil energy, population density, industry, trade
openness, and FDI. The sample consists of 182 observations covering the period from 1996 to 2021.
The data comes from the World Bank database (WDI, 2023).

Overall, the results show that, from a threshold of 8.4487, energy consumption, population density, trade
openness, and FDI positively influence CO; emissions in ECOWAS countries. These findings support
the Environmental Kuznets Curve (EKC) hypothesis. In light of these results, the study suggests that
economic growth objectives should be accompanied by adaptation measures. Thus, these countries
could benefit from: encouraging research in sustainable, low-emission renewable energies such as solar
power to achieve decarbonized sustainable growth; ensuring the quality of FDI and industry migration;
collecting and monitoring environmental indicators, then raising awareness about environmental risks;
and finally, offering economic incentives to industries and populations. These incentives could take the
form of a cap on total annual CO; emissions, a system of tradable emission quotas, or a carbon tax.
However, it is important to note that these approaches should be adapted to the specific circumstances
of each country.
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