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Abstract

This paper analyzes the revenue-pollution relationship by revisiting the Environmental 
Kuznets Curve (EKC) hypothesis for West African countries over the period of 1980–
2014. The study approximates the income measurement by GDP per capita and uses 
carbon dioxide (CO2), nitrogen oxide (NO2), and methane emissions as various envi-
ronmental quality measures. The paper uses parametric and non-parametric estima-
tion techniques to test the EKC hypothesis. The results support the existence of the 
U-inverted relationship between income and methane emission, on one hand, and be-
tween income and nitrogen dioxide emission on the other. The estimates also show a 
mixed result for the U-inverted hypothesis between income and carbon dioxide emis-
sions. Thus, the verification of the curve depends on the estimation techniques and the 
measurement of the pollutant used. The obtained results led to the conclusion that the 
EKC hypothesis is validated for West African countries.
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INTRODUCTION

Since the early work (Grossman & Krueger, 1991; Holtz-Eakin & 
Selden, 1995), the Environmental Kuznets Curve (EKC) hypothesis 
has given rise to several empirical works in economics and other relat-
ed sciences. For some authors, the growth of economic activities requires 
more significant inputs of energy and materials. This growth is driven by 
industrialization, which is expected to generate more substantial quanti-
ties of liquid, gaseous, and solid waste by-products. The accumulation of 
these wastes contributes to environmental degradation and, thus, to 
the degradation of the well-being of earth’s inhabitants, despite the 
steady rise in countries’ incomes. This work proves that the degrada-
tion of the resource base will eventually put economic activity at risk. 
Thus, to save both the economy and the environment, countries need 
to slow down their growth, and the world needs to transition to a sus-
tainable economy.

On the other hand, other researchers argue that the fastest route to 
an improved environment is economic growth. With higher incomes, 
there is an increased demand for less material-intensive goods and 
services and a demand for enhanced environmental quality, leading 
to the adoption of environmental protection measures. The goal of any 
economy is to achieve a desirable and sustainable economic growth 
and development level. However, the environment’s quality varies ac-
cording to the various stages, patterns, and structures of development 
that each country wishes to achieve. Thus, although economic growth 
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usually leads to environmental deterioration in the early stages of the development process, the best way 
to achieve a decent environment in most countries is to become rich. The central issue is the evidence of 
the Environmental Kuznets Curve (EKC), which assumes that at low-income levels, an increase in na-
tional income is accompanied by increased environmental pressure in the form of an inverted U-shape. 
This relationship thus described is generally known as the Environmental Kuznets Curve (EKC).

Empirical studies support an inverted U-shaped relationship between environmental degradation and 
economic growth (Grossman & Krueger, 1991). On the other hand, others highlight the existence of a 
bell-shaped relationship between levels of environmental quality and per capita income. Azomahou et 
al. (2006) and Stern (2004) find that GDP growth rates do not play significant role in environmental 
quality dynamics.

In the context of African countries, studies on the EKC hypothesis are far from reaching a consensus. In 
the case of organic pollutants in water, their paper suggests a positive connection when Osabuohien et 
al. (2014) establish the existence of an Environmental Kuznets curve for CO2 emissions.

Over the period 2010–2018, the Member States of Economic Community of West African States 
(ECOWAS) achieved average real GDP growth of 3.8% against 2.7% for the whole of Africa (WDI, 
2020). The rates for energy consumption and carbon dioxide emission for the ECOWAS region also 
exploded over this period. Data from the Notre Dame University Global Climate Change Adaptation 
Indicator (ND-GAIN) confirms that despite notable progress since 2008, the ECOWAS region is high-
ly vulnerable to climate change and has very low resilience to climate-related risks. For instance, the 
vulnerability of ECOWAS in 2018 was 0.547 against 0.442 for the world, while the resilience to climate 
risks was 0.309 versus 0.427 for the world (ND-GAIN Country Index, 2018). Therefore, there is a need 
for ECOWAS countries to pursue policies within the framework of the commitments made in the 
United Nations 2030 agenda and the Paris Climate Agreement for economic development with less 
polluting gases. 

However, given the mixed results of empirical studies on the link between economic growth and the 
emission of polluting gases, it is necessary to investigate this link within the ECOWAS framework to 
assess the policies’ effectiveness. In doing so, is the hypothesis of the environmental Kuznets curve in 
inverted U shape verified in ECOWAS countries? This paper’s main objective is to determine the re-
lationship between GDP, energy intensity, sectoral value added in services, industry, CO2, NO2, and 
Methane emissions in ECOWAS countries. At the end of the study, it emerges that the environmental 
Kuznets curve is verified for ECOWAS. However, the results are dependent on the pollutant used and 
the estimation techniques implemented.

The paper is organized as follows: 

1) literature review, 
2) methodology of analysis, 
3) empirical results, 
4) conclusion.

1. LITERATURE REVIEW

Since Grossman and Krueger (1991), several em-
pirical studies have tested the relationship be-
tween growth and the environment in several 
other countries by including other indicators. The 

research hypothesis in these various studies is the 
“Environmental Kuznets Curve (EKC)” hypoth-
esis. This hypothesis postulates that the relation-
ship between income (often captured by real Gross 
Domestic Product (GDP) per capita) and pollu-
tion approximated by the concentration of a par-



66

Environmental Economics, Volume 12, Issue 1, 2021

http://dx.doi.org/10.21511/ee.12(1).2021.06

ticular pollutant is an inverted U-shaped curve. 
According to Kuznets (1955), increasing income 
levels increase environmental pollution in the first 
phase of the development process. Beyond an in-
come threshold, the second phase is marked by a 
decrease in ecological degradation (pollution) due 
to the adoption of efficient technologies in the pro-
duction process. 

At the empirical level, the analysis of the EKC hy-
pothesis has provided mixed results (Effiong & 
Oisaozoje, 2016) due to economies’ divergence. 
On one hand, empirical studies provided un-
clear results and, on the other hand, increasing-
ly intense and precise criticisms of the estimation 
techniques. One reason put forward by Effiong 
and Oisaozoje (2016) to justify these mixed re-
sults is the diversity of variables used as a proxy 
of environmental quality and the econometric es-
timation techniques employed. Findings can be 
grouped into two categories. 

The first group of studies has concluded that the 
EKC hypothesis has been verified in certain coun-
tries or groups of countries (Lamla, 2009; Rosado, 
2017; Shahbaz et al., 2013). A second group had 
mixed results or did not validate the EKC hy-
pothesis. In particular, several studies show that 
the EKC hypothesis tests are mixed (Dinda, 2004; 
Effiong & Oisaozoje, 2016). Osabuohien et al. 
(2014) confirm the EKC hypothesis’s validity for 
PM10 particles and carbon dioxide (CO2) to indi-
cate environmental pollution. 

1.1. Empirical work using parametric 
estimation models

Several approaches have been used to test the EKC 
hypothesis. N’Zué (2018) used an ARDL mode-
ling to assess the EKC hypothesis for CO2 in Côte 
d’Ivoire. Keho (2017) used an estimation tech-
nique based on quantile regressions to establish a 
relationship between income and CO2 emissions 
for 59 countries divided into five groups. The ener-
gy consumption leads to an increase in CO2 emis-
sions in all groups, and even more so in the less 
polluting countries.

Moreover, for all the quantiles considered, Kuznets’ 
hypothesis is particularly true for Sub-Saharan 
Africa. By controlling for income heterogeneity 

in African countries, Ogundipe et al. (2014) show 
that the EKC hypothesis is only valid if only low-
er-middle-income countries are considered. In 
contrast, for all African nations and those with 
low and upper-middle-income, the EKC hypoth-
esis test is invalid.

1.2. Empirical work using non-
parametric or semi-parametric 
estimation models

In parallel to studies that used parametric estima-
tion methods, other papers tested the pollution-in-
come nexus through more flexible estimation 
techniques (non-parametric and semi-paramet-
ric). The choice of an estimation methodology has 
sometimes been criticized in the literature. Stern 
(2004) details why the statistical and economet-
ric analysis on which the Environmental Kuznets 
Curve is based is not robust. He highlighted het-
eroskedasticity problems, simultaneity, cointegra-
tion, or bias due to omitted variables. Other issues 
arise from the reduced-form analysis. The choice 
of functional form (quadratic or cubic) also affects 
the result obtained and determines the number of 
inflection points that appear (Kijima et al., 2010). 
Indeed, if the estimators are significant and have 
the expected sign, a quadratic form implies an 
environmental Kuznets curve. In contrast, a cu-
bic shape imposes the N-shaped curve. Thus, sev-
eral works overcome this restriction of the func-
tional form by using non-parametric methods 
(semi-parametric panel with fixed effects), which 
have the advantage of being more robust. 

Using this method, Bertinelli and Strobl (2005) 
establish a positive link between wealth and envi-
ronmental degradation for very developing coun-
tries and fail to reach a clear conclusion for devel-
oped countries. Several works have used these es-
timation techniques. Effiong and Oisaozoje (2016) 
used the same approach specifically for 49 African 
countries between 1990 and 2010 to conclude that 
economic growth is insufficient to determine en-
vironmental quality. Instead, the environmental 
effects of growth are highly dependent on the type 
of pollutant used. Several other studies following 
this logic validate the EKC hypothesis for coun-
tries with a per capita GDP of more than USD 
5,000 (Azomahou et al., 2006; Luzzati & Orsini, 
2009; Nguyen Van & Azomahou, 2007). Bertinelli 
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and Strobl (2005), using a semi-parametric, par-
tially linear, fixed-effect model, support a pos-
itive low-income relationship that flattens out 
before rising again for higher incomes. L. Chen 
and S. Chen (2015) examine and find an inverted 
U-shaped relationship for 31 Chinese provinces. 
Wang et al. (2016) establish evidence of an invert-
ed U-curve using the estimators of Baltagi and Li 
(2002) on a semi-parametric fixed-effects model 
and by measuring sulfur dioxide (SO2) pollution.

Furthermore, several authors argue that indus-
trialization and globalization also have a role in 
determining whether or not the environment’s 
quality is preserved. Copeland and Taylor (1995) 
indicated that globalization facilitated the trans-
fer of pollution-intensive technologies to (devel-
oping) countries with weak environmental reg-
ulations. Developed countries in such circum-
stances derive significant benefits from trade 
openness at the expense of the environment 
in developing economies. On the other hand, 
Antweiler et al. (2001) and Liddle (2001) argue 
that trade opening somewhat improves the en-
vironment’s quality through the technical effect. 
Some authors have also included sectoral added 
values in analyzing the environmental Kuznets 
curve (N’zué, 2018).

It emerges from this review that no consensus 
emerges from the empirical work results on test-
ing the Environmental Kuznets Curve hypothesis. 
Some works validate the EKC thesis, while others 
refute it. This paper also used several indicators 
like Yusuf et al. (2020) to measure the degradation 
of environmental quality (Carbon Dioxide (CO2), 
nitrous oxide (NO2), Methane, PM10) through 
several parametric methods (fixed and random 

1 ECOWAS includes 15 West African countries: Benin, Burkina Faso, Cabo Verde, Côte d’Ivoire, Gambia, Ghana, Guinea, Guinea Bissau, 
Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone, Togo.

effects models, Autoregressive Distributed Lag 
Model (ARDL), quantile regressions, etc.) and 
semi-parametric methods.

2. DATA AND 

METHODOLOGICAL 

FRAMEWORK OF THE 

STUDY

2.1. Data source

This paper focuses on ECOWAS1 countries except 
for Liberia and uses data from two (2) sources: 
the World Bank (World Development Indicators, 
2020) and the International Energy Agency (IEA). 
Data on emissions of carbon dioxide (CO2), nitro-
gen dioxide (NO2), methane, real Gross Domestic 
Product, sectoral added values come from the 
World Development Indicators (WDI) and total 
final energy consumption from the International 
Energy Agency (IEA). The sample covers the pe-
riod 1980–2014. The study’s end period is 2014 
because data on CO2, NO2, and methane emis-
sions are only available until 2014 for all countries. 
Variables used in the paper are defined as follows 
(Table 1).

Following the recent literature on the Envi-
ronmental Kuznets Curve study, the paper uses 
the emission of CO2, NO2, and methane as the dif-
ferent proxies of environmental degradation. Real 
Gross Domestic Product per capita measures in-
come. Energy consumption is approximated by to-
tal final energy consumption, and sectoral activities 
are measured by sector value-added as a percentage 
of GDP. In Tables 2 and 3, descriptive statistics and 

Table 1. Variables and units of measure

Source: Authors’ elaboration.

Variable Description Unit of measure
E Energy consumption Kg of oil equivalent per capita

Indva Industrial Value Added Percentage of GDP

Serva Services Value Added Percentage of GDP

Y Gross Domestic Product per capita Constant 2010 USD

CO2 Carbon dioxide emission Metric tons per capita

NO2 Nitrous oxide emission Thousand metric tons of CO2 equivalent

Methane Methane emission Kt of CO2 equivalent
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the correlation matrix are presented. The correla-
tion matrix reveals a significant positive relation-
ship between CO2, NO2, methane emissions, ener-
gy consumption, and real GDP per capita.

2.2. Method of analysis

2.2.1. Theoretical framework and empirical 

specification of the model

The paper uses the Ehrlich and Holdren (1971) 
model as a theoretical framework to analyze the 
relationship between income and environmental 
quality measured by CO2, NO2, or methane emis-
sions. This model makes it possible to describe 
ecological changes induced by human activities by 
relating environmental quality to variables such as 
population, income, and technological level. This 
model is translated into the following equation:

,I P A T= ⋅ ⋅  (1)

where I – the variable measuring environmental 
impact; P – the population’s size; A – the varia-
ble measuring human economic activity; and T 

– the technological level per unit of consumption 

and production. This model has been improved 
by Dietz and Rosa (1997) and York et al. (2003). 
Indeed, the IPAT model has been criticized as an 
identity mathematical model and rigid in propor-
tionality restrictions between variables. As a re-
sult, its first improvement proposed by Dietz and 
Rosa (1997) resulted in a flexible, more improved 
model called STIRPAT, which makes it possible 
to analyze environmental impacts. The equation 
translates this:

.
b c d

i i i i i
I aP A T ε=  (2)

The variables I, P, T, and A remain the same as 
those in the IPAT model. But a, b, c, and d repre-
sent the model parameters. ε

i
 is the idiosyncratic 

error term; i refers to the units of observation. By 
taking the logarithm of equation (2), a relation-
ship is obtained, which is translated by the follow-
ing equation (3):

.
i i i i i

LnI b LnP c LnA d LnT Lnλ ε= + ⋅ + ⋅ + ⋅ +  (3)

York et al. (2003) maintain, following the previous 
authors, that the quadratic terms of the variables 
P, A, and T can be added to the STIRPAT model to 

Table 2. Descriptive statistics
Source: Authors based on Stata 16.

Variable Mean Std. dev. Min Max

CO2 (metric tons per capita) 0.28 0.21 0 1.23

Energy (kg of oil per capita) 334,043.1 938,477.20 1,609.54 4,858,124.7

GDP per capita (USD) 883.12 628.45 272.99 3,468.67

Methane (kt of CO2 equivalent) 12,658.13 20,677.77 83.23 102,391

NO2 (thousand metric tons of CO2 equivalent) 5,168.76 7,235.99 44.06 46,431.49

Indva (%GDP) 20.82 6.53 6.55 38.81

Serva (%GDP) 44.22 10.8 12.44 72.59

Table 3. Correlations
Source: Authors based on Stata 16.

Variables CO2 Energy GDP per capita Methane NO2 Indva Serva
CO2 1.00 – – – – – –

Energy
0.37 1.00 – – – – –

(0.00) – – – – – –

GDP per capita
0.85 0.42 1.00 – – – –

(0.00) (0.00) – – – – –

Methane
0.31 0.95 0.37 1.00 – – –

(0.00) (0.00) (0.00) – – – –

NO2
0.32 0.87 0.40 0.89 1.00 – –

(0.00) (0.00) (0.00) (0.00) – – –

Indva
0.22 0.35 0.23 0.45 0.31 1.00

(0.00) (0.00) (0.00) (0.00) (0.00) – –

Serva
0.44 0.02 0.47 –0.02 –0.01 –0.15 1.00

(0.00) (0.73) (0.00) (0.65) (0.84) (0.01) –
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be refined. Incorporating the quadratic terms in 
equation (3) allows variable A to grasp the possible 
existence of the environmental Kuznets curve hy-
pothesis (EKC), i.e., an inverted U-shaped relation-
ship. Thus, the York et al. (2003) model’s theoret-
ical consideration allows considering the follow-
ing model to analyze the Environmental Kuznets 
Curve (EKC) hypothesis in the ECOWAS region. 
The model to be estimated is as follows:

[ ]

1 2

3 4

2

5
,

it it it

it it

it i t it

LnC LnE LnIndva

LnServa LnY

LnY

β β
β β

β α τ ε

= + +

+ + +

+ + + +

 (4)

where C
it
 – is the variable for measuring the qual-

ity of the environment; E
it 

– is the total final en-
ergy consumption (Terajoules); Indva

it
 – is the 

value-added of the industrial sector as a propor-
tion of GDP; Servait – is the value-added of the 
service sector as a proportion of GDP. Yit – real 
GDP per capita; αi represents the specific effect 
to each country; τt – time effect variable to ac-
count for omitted time-varying variables and sto-
chastic shocks common to all nations; i – is the 
individual dimension representing countries; and 
t represents time.

The income’s effect on the quality of the environ-
ment distinguishes two (2) cases according to the 
sign and significance of the parameters β

4
 and β

5
. 

The first case is where β
4
 > 0 (β

5 < 0 respectively) 
and β

5
 = 0, then the relationship increases mono-

tonically (respectively decreases). The second case 
is the one in which we have β

4 = 0 and β
5
 < 0, on 

the one hand, and β
4 > 0 and β

5 < 0, on the other. 
In this case, an inverted U-shaped relationship 
is observed between income and CO2 emission, 
and the turning point is given by:

* 5

6

 .
2

H
β
β

= −  (5)

2.2.2. Econometric estimation methods

The study uses fixed-effect (FE) models, random-ef-
fect models, and a semi-parametric estimation 
technique (SEMI-PARA) based on panel data. The 
advantage of using a semi-parametric estimation 
technique is that it makes no assumptions about 

2 For the estimation method of semi-parametric partially linear models at effets fixes, refer to Baltagi and Li (2002).

the functional form between income and the 
measurement of environmental degradation (CO2 
emissions, for example). The relationship tested 
is more flexible because the functional form’s es-
timation depends on the sample data. Following 
the example of Effiong and Oisaozoje (2016), let us 
specify a semiparametric partially linear fixed-ef-
fects model as follows:

( )
1 2 

3 

,

it it it

it it

i t it

LnC LnE LnIndva

LnServa m LnY

β β
β
α τ ε

= + +

+ + +

+ + +

 (6)

where m (.) is an unknown smooth function 
that is sought to be estimated and depends only 
on income while the other variables in the spec-
ification are specified parametrically. Equation 
(6) is estimated by the method of Baltagi and Li 
(2002), which is carried out in two steps. In the 
first step, the parameters of the variables speci-
fied in the model’s parametric way are estimated. 
Parameters estimated in the first step allow the m 
(.) curve estimate by the kernel’s regression meth-
od or the spline2.

3. EMPIRICAL RESULTS 

This section is devoted to the presentation and 
discussion of the results. These are the panel es-
timation results of Ordinary Least Squares (OLS) 
model, the fixed-effects model, the random-effects 
model, and the semi-parametric fixed-effects 
model. The estimation results of these different 
models are presented in Tables 4, 5, and 6.

3.1. Modelling using CO2 emissions 
as a measure of environmental 
degradation

When CO2 emissions are considered ecological 
quality indicators, total energy consumption is sig-
nificant for all estimation techniques (at the 1% and 
10% threshold). This result is consistent with those 
of Effiong and Oisaozoje (2016), showing that an in-
crease in energy consumption contributes to a rise 
in CO2 emissions and environmental quality de-
struction. As for the sector added values considered, 
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they are only significant in the semi-parametric es-
timates. Indeed, this implies that industrialization 
favors CO2 emissions and thus contributes to envi-
ronmental degradation (Table 4).

Effects of income and income square on the CO2 
emission were done with the OLS model. Then, 
the nature of the income-CO2 emission link was 
tested in the semi-parametric model by analyzing 
the graph describing the shape of the relationship 
between these two variables (Figure 1). Two obser-
vations can be made. 

First, OLS estimation shows that income is positive 
and significant at the 1% threshold, and its quadrat-
ic term is negative and significant at the 5% thresh-
old only (Table 4). Thus, the income-CO2 emission 
relationship in the ECOWAS zone follows a pos-
itive relationship, indicating that higher-income 
contributes to environmental quality degradation. 
Moreover, this result also confirms the verification 
of the Kuznets environmental curve in ECOWAS. 
These results confirm those of Ogundipe et al. (2014) 
for the lower-middle-income countries. Indeed, five 
of the main ECOWAS countries (Nigeria, Ghana, 

Table 4. Estimates with CO2 emissions

Source: Authors based on Stata 16.

Variables FE RE OLS SEMI-PARA

lnE
0.165*** 0.151*** 0.0301* 0.105***

(0.0243) (0.0233) (0.0162) (0.0366)

lnPIB
0.622 0.774 2.940*** –

(0.642) (0.631) (0.875) –

lnPIB2
0.0202 0.0110 –0.139** –

(0.0445) (0.0439) (0.0635) –

lnindustry
0.0669 0.0638 –0.0910 0.124**

(0.0486) (0.0483) (0.0813) (0.0528)

lnservice
–0.0430 –0.0428 0.161 0.119*

(0.0671) (0.0667) (0.102) (0.0649)

Constant
–8.361*** –8.822*** –15.51*** –

(2.191) (2.151) (2.870) –

Observations 339 339 339 325

R-squared 0.628 – 0.695 0.137

Number of Id 14 14 – –

Note: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors in parentheses.

Source: Authors based on Stata 16.

Figure 1. Partial adjustment of the income-CO2 emission relationship
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Côte d’Ivoire, Senegal, and Cape Verde) are classified 
as lower-middle-income countries. The threshold for 
the reversal of the environmental curve is equal to 
e(–2.94/2(–0.139)) = 39,165.03 USD. This threshold, there-
fore, refers to the real GDP per capita equivalent to 
the maximum carbon dioxide emission value. It is 
only from this threshold that any increase in GDP 
would reduce CO2 emissions into the atmosphere. 
ECOWAS economies are, therefore, currently in the 
upward phase of the Environmental Kuznets Curve, 
since the level of their average real GDP per capita is 
USD 883. 

Secondly, concerning the semi-parametric estima-
tion technique, the curve in Figure 1 shows the ab-
sence of a U-inverted relationship contrary to the 
estimation with OLS model. The semi-parametric 
estimation fails to validate the EKC hypothesis lead-
ing to mixed results depending on the estimation 
technique. Not surprisingly, these results confirm 
the work of Stern (2004) and Effiong and Oisaozoje 
(2016), who conclude whether or not the EKC hy-
pothesis is verified depends on the estimation tech-
niques used.

3.2. Modelling using NO2 emissions 
as a measure of environmental 
degradation

Table 5 presents, as previously, the results of the esti-
mates of the linear fixed-effect and semi-parametric 
models using the nitrogen dioxide (NO2) emission 

variable. The variables of energy consumption and 
value-added of the industrial sector are significant at 
the 1% threshold with a positive and negative sign. 
Energy consumption contributes more to nitrogen 
dioxide emissions and harms the environment. As 
for the verification of the EKC hypothesis, the OLS 
model shows that it is well verified in the context 
of nitrogen dioxide. The GDP per capita threshold 
corresponding to the maximum emission is set at 
e(–7.441/2(–0.550)) = 866.57 USD and above this threshold, 
any increase in per capita income translates into a 
reduction in the level of nitrogen dioxide emissions. 
The average value of ECOWAS per capita GDP (USD 
883) being above this threshold, ECOWAS is in the 
decreasing phase of the EKC curve. Semi-parametric 
modeling also confirms the existence of this EKC 
relationship in the ECOWAS zone. Indeed, starting 
from no functional form between NO2 emission and 
GDP, the method suggests an inverted U-shape be-
tween nitrogen dioxide emission and GDP per capita 
(Figure 2). From these two analyses, it emerges that 
the parametric and semi-parametric methods con-
verge on the validation of the EKC hypothesis in the 
ECOWAS region by considering nitrogen dioxide to 
measure environmental pollution.

3.3. Modelling using methane 
emission as a measure of 
environmental degradation

The results of the methane emission estimates are 
reported in Table 6. The OLS model estimation 

Table 5. Estimate with N02 emissions

Source: Authors based on Stata 16.

Variables FE RE OLS SEMI-PARA

lnE
0.127*** 0.142*** 0.684*** 0.0326

(0.0352) (0.0350) (0.0444) (0.0524)

lnPIB
2.041** 1.915** 7.441*** –

(0.920) (0.922) (2.377) –

lnPIB2
–0.0988 –0.0920 –0.550*** –

(0.0637) (0.0638) (0.172) –

lnindustry
0.0510 0.0481 –0.892*** –0.118

(0.0704) (0.0707) (0.224) (0.0756)

lnservice
0.485*** 0.481*** –0.517* –0.0411

(0.0970) (0.0975) (0.281) (0.0930)

Constant
–4.918 –4.496 –20.26*** –

(3.144) (3.167) (7.794) –

Observations 340 340 340 326

R-squared 0.375 – 0.514 0.068

Number of Id 14 14 – –

Note: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors in parentheses.
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showed that all variables are significant at the 5% 
threshold. Energy consumption and sectoral add-
ed values were found to be substantial and of posi-
tive sign. Thus, an increase in energy consumption 
and an increase in industrial activity and services 
contribute to a rise in methane emissions. The re-
al GDP per capita and its quadratic term proved 

significant with a positive and negative sign, ver-
ifying the EKC hypothesis. The threshold of GDP 
per capita equivalent to the maximum methane 
emission in the ECOWAS zone is e(–3.257/2(–0.307)) = 
199.95 USD and indicates that the ECOWAS coun-
tries are on average in the decreasing phase of the 
Environmental Kuznets Curve.

Source: Authors based on Stata 16.

Figure 2. Partial adjustment of the income-NO2 emission relationship 

Table 6. Estimate with methane emissions

Source: Authors based on Stata 16.

Variables FE RE OLS SEMI-PARA

lnE
0.160*** 0.207*** 0.806*** 0.0250

(0.0323) (0.0328) (0.0288) (0.0351)

lnPIB
3.005*** 2.572*** 3.253** –

(0.844) (0.874) (1.542) –

lnPIB2
–0.175*** –0.151** –0.307*** –

(0.0584) (0.0606) (0.112) –

lnindustry
0.0379 0.0462 0.771*** –0.0118

(0.0646) (0.0673) (0.145) (0.0507)

lnservice
0.180** 0.186** 0.624*** 0.0330

(0.0890) (0.0929) (0.182) (0.0624)

Constant
–6.228** –4.952* –12.97** –

(2.885) (2.985) (5.056) –

Observations 340 340 340 326

R-squared 0.366 – 0.777 0.037

Number of Id 14 14 – –

Note: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors in parentheses.
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The semi-parametric estimate does not establish a 
relationship between methane emission and ener-
gy consumption variables and sectoral added val-
ues. Still, it confirms, through Figure 3, the ver-
ification of the EKC hypothesis in the ECOWAS 

zone. Thus, parametric and semi-parametric 
methods make it possible to validate the EKC 
hypothesis in the ECOWAS zone when methane 
emissions are used as a measure of degradation of 
environmental quality.

CONCLUSION 

This paper aims to revisit the Environmental Kuznets Curve (EKC) to determine the revenue-pollution 
relationship’s functional form using a sample of 14 ECOWAS member states over the period 1980–2014. 
The paper approaches income by GDP per capita and uses three indicators as proxies for pollution meas-
urement: CO2, NO2, and methane emissions in parametric and semi-parametric modeling. 

It emerges that for ECOWAS, the Kuznets environmental curve’s hypothesis is confirmed if methane 
and nitrogen dioxide are used as degradation of the quality of the environment independently of the 
adoption of parametric or semi-parametric modeling. These results are consistent with those of Effiong 
and Oisaozoje (2016) and Keho (2017). However, with carbon dioxide as an indicator for measuring en-
vironmental pollution, the results are contradictory depending on whether the modeling is parametric 
or semi-parametric. The EKC curve is verified in parametric modeling and invalidated in semi-para-
metric modeling.

These results require awareness of the need to reduce CO2 emissions, which will continue to grow with-
out clean production techniques. The ECOWAS Commission should promote measures among States 
and citizens of the Community to reduce CO2 emissions and preserve the ozone layer. These measures 
could concern the promotion of alternative or renewable energy sources such as solar, wind, and geo-
thermal energy. Other actions could include combating deforestation to increase the absorption of CO2 
released into the atmosphere.

Source: Authors based on Stata 16.

Figure 3. Partial adjustment of the income-methane emission relationship
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