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Introduction

In countries with an old industrial tradition, demonstrations abound
to denounce the nuisances engendered by economic activity, which
reached a serious threshold. In recent years, society as a whole has
struggled to question the vital concerns raised by the scientific
community about environmental concerns. These questions were
the subject of particular attention during major international
meetings such as the first "Earth Summit" (held in Rio in 1992)
and the recurrent conferences of the parties to the United Nations
Framework Convention on Climate Change (the most recent of
which - COP 24 - was organised in Katowice, Poland, in 2018).

As a result, the transmission to future generations of a highly
degraded natural environment that allows the functioning of their
economic and social ecosystems becomes an essential condition for
sustainable development. Therefore, the major problem is to find
an optimal balance between growth and the environment. The
place of the environment in economic growth strategies has
become a major concern. Ecological disasters, river pollution, acid
rain, toxic clouds, nuclear accidents, etc. gradually integrate
collective memory (Yachir, 1992).

Since its inception, globalization has contributed to the
degradation of the environment through the exploitation of natural
resources or the increase in international traffic due to the
internationalization of production processes. The ecological impact
of this globalisation is hard to determine, despite its consequences
on many economic phenomena: international specialization,
production relocation, trade development, technology transfer,
growth and competition.

The question of economic growth through the increase in the
production scale and its implications for the environment is
recurrent and occupies a prominent place in recent economic
literature. In other words, the fundamental problem is that of the
existence of a causal link between these economic phenomena and

the environment. At the outset, we can safely affirm that there is no
obvious answer to this question; because many economic
mechanisms, with contradictory effects, act on the environment at
the local, regional, and global levels.

Economic actors only discover the relationship between the
environment and growth as environmental constraints appear, as
soon as the degradation of one of the functions below no longer
allows an identical progression of the economic activity.
According to Guillaume Gaulier and Nina Kousnetzoff (2007),
these are three indispensable functions that the natural environment
fulfils for the maintenance of life in general and economic
activities in particular: (i) the resource reserve function; (ii) the
discharge function: the absorption of waste by the air, water and
soil; (iii) the function of vital habitat services: the air, water and the
ozone layer in the upper atmosphere.

These two authors claim that only when the scarcity of a
resource the degradation of landfill functions or habitat services
results in a loss to the producer or the consumer does one begin to
attach a price.

The first environmental constraint economists have been
concerned about is the amount of farmland that classical
economists of the nineteenth century consider to be an essential
factor of production. They are worried about its limited nature,
facing a growing population.

In the 20th century, while the discovery of chemical fertilizers
greatly increases the yield of agricultural land, a new concern is the
risk of subsurface resource depletion (fossil fuels, metals, etc.)
From the 1970s, to the fear of the depletion of mineral raw
materials is added the awareness of the overexploitation of natural
resources with free access (forests, fishery resources...) and the
saturation of the function of waste recycling by the environment,
first observed at the local and regional levels (urban pollution, acid
rain...), then at global level (climate change).

Beginning in the 1980s and especially in 1990s, there has been
concern about the effect on human activities of the substantial and
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largely irreversible loss of biodiversity, that is to say, the
deterioration of natural habitat services, be they vital (in
developing countries) or amenable (in developed countries).

In view of the above, the purpose of this article is to analyze the
effects of economic growth on the environment. Therefore, the
central question that underlies the issue of this paper is: what are
the effects of economic growth on the environment in the Congo?
As the country is dependent on primary type specialization with a
high concentration of oil and timber activities, it is argued that
economic growth has long-term adverse effects on the
environment.

The rest of this paper is structured as follows: the stylized facts
of air pollution in the Congo are presented in the second section;
the third section is devoted to the review of literature; the
methodology is presented in the fourth section and the results and
their interpretations are the subject of the fifth section; finally, the
sixth section addressed policy findings and implications.

Percentage

SSA [Sub-Saharan Africa] growth rate (right side)

Real growth rate of the GDP (left-hand side)

Stylized facts of air pollution in the Congo

The purpose of this section is to provide a report of the correlation
between the creation of wealth and the production of greenhouse
gases in the Congo.

Located in the western part of Central Africa, Congo has a
predominantly oil exporting economy. After a period (1960-1974)
when the economic activity was based mainly on the exploitation
of wood, potash and, more marginally, on the agricultural
production of food and export (coffee and cocoa), the Congolese
economy has diversified very little since then and is largely
dependent on oil (PND, 2012-2016). This predominance of oil has
made the Congolese economy vulnerable to external shocks. The
analysis in graph 1 below shows that during the period 1980-1984,
the Congo experienced significant economic growth, reaching its
highest level in 1982, with an average annual growth rate of
14.1%.
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Graphl: Evolution of real GDP growth and GDP per capita

Source: Authors from World Bank Data, World Development Indicators 2017

This two-digit growth rate is mainly explained by the
intensification of oil development, which has led to profound
changes in the structure of the gross domestic product, exports and
government revenues.

A comparison with the countries of Sub-Saharan Africa (SSA)
also shows that the country's growth profile is more important.
From 1985 to 2000, the evolution of the economic growth rate was
less noticeable compared to the previous period. Indeed, the
average annual growth rate represented only 0.7% over the 1985-
2000 periods. This downturn in economic growth could be
explained, in part, by the economic and political instability
experienced by the country. From 2001 to 2010, the Congolese
economy saw a slight increase in its GDP growth rate with an
average annual growth of 2.9% over the period. This performance
reflects the expression of: (i)the progressive consolidation of
peace, (ii) a favorable international oil situation, and (iii) an
increase in local oil production.

Also, this performance places Congo slightly above the average
of Sub-Saharan African countries. Finally, the Congolese economy
has experienced an average annual growth of 3% over the period

2011-2016. This performance, however, remains well below the
target (8.5%) desired in the National Development Plan (PND,
2012-2016).

However, despite this recovery in growth between 2013 and
2014, the Congolese economy was marked by a sharp deceleration
of its growth rate in 2015 (2.6%), before plunging in 2016 (-1.8%),
mainly because of falling oil prices

Like [many] developing countries, the Congo is experiencing
significant economic and demographic development anchored in
the context of global warming. As such, data from the International
Energy Agency suggest an increase in its energy consumption,
correlated to that of its population. Energy consumption was
estimated at about 220.06 kg of oil equivalent per capita in 2000. It
reached 539.53 kg of oil equivalent per capita in 2014, an increase
of 145%. In addition to the CO2 emissions induced by this type of
energy, the increase in consumption would have a major economic
impact, since the hydrocarbon industry is still the main economic
engine of the country. In fact, the hydrocarbons sector represents
82% of export earnings during the 2003-2008 period and 76% for
the 2009-2013 period (World Bank, 2015).
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With regard to the car fleets, second-hand vehicles (massively
imported from Europe) estimated at more than 110,560 vehicles in
2014, are mainly responsible for air pollution in Brazzaville (INS,
2014).

The analysis of CO, emissions by main fuels reveals that the
consumption of natural gas remains the main source of CO,
emissions (see graph 4 below). It actually accounts for 65.18% of
total emissions in 2015, followed by oil (34.82%).

i

A \\.\ﬁ;‘?\ \\\\T-\\-‘ \\.\?‘u \“\.,q‘ \n“:‘ \\.\n% UL «}\\\\'I Y gd

In millions of tons of C02

ECoal ENatural gas “!Oil

Graph 2: Evolution of CO, emissions by fuel

Source: Authors' calculations based on data from the
International Energy Agency (IEA)

Coal consumption is zero over the entire study period. This
situation could be explained by the absence of coal mining in the
country.

The CO, from natural gas showed a downward trend in 1990
compared to 1989, from 2.07 million tonnes of CO, 1989 to
164,120 thousand tons of CO, in 1990.

Literature paper

The relationship between economic growth and the environment
has been the subject of several studies. In this section we
distinguish between theoretical work and empirical work.

Economic growth and the environment in the
theoretical literature

The theoretical and empirical relationship between growth and the
environment is the subject of divisions between economists from
diametrically opposed philosophical points of view: a group called
"optimists” and the other, "pessimists", nourishing the debates on
the nature of this relationship from the beginning to the present
day. In other words, it is about presenting the way in which the
"optimists” and "pessimists" respectively address the positive
(and/or negative) effects of growth on the environment.

On the theoretical level, the "optimists" are included after the
Physiocrats (property wealth) and Adam Smith (1776) for whom
the land is conceptualized in economic analysis as a limited natural
market resource in quantity that can be appropriated. Unlike the
Physiocrats, with the classical school of thought, wealth is no
longer related to real estate, but it is produced, and it is real
because the exchange value of a good is determined by the amount
of work necessary for its production. The effect of the creation of
wealth on the environment is manifested by the decreasing
accumulation of "land™ capital over time, and the use of less and
less fertile land. The difference in the production price is thus

determined by the difference in land quality, due to diminishing
returns in agriculture, which results in the reduction of long-term
profit. The environment (fertile land) therefore has a limiting effect
on the creation of wealth.

Indeed, for the classical theory of international trade, the
liberalization of trade behind globalisation leads each country to
specialize in the production for which it has the greatest
comparative advantage or the least disadvantage (David Ricardo,
1817). As well, the works of Hotelling (1931) and Pigou (1920)
support the effects of production activity externalities on the
environment.

Thus, the first classical economists integrate into their concept
the importance of the relationship between economic growth and
the environment (materialized by natural resources). In other
words, some countries would specialize in the extraction of raw
materials or the production of agricultural goods, which leads to an
intensive exploitation of natural resources. It takes many forms
(deforestation, monoculture, the destruction of habitats of rare
species, etc.), which are attacks on biodiversity and therefore on
the environment. Indeed, trade liberalization has a positive effect
on economic growth for all the countries taking part in these
exchanges, which, in turn, has negative or positive effects on the
environment depending on the level of development of the country
(Grether and Melo, 2003).

In addition, a group of "optimistic" researchers called "Club de
Rome" (1972) considers that if current trends (economic and
environmental) continue, in the medium term the depletion of most
natural resources will be certain, which will diminish or even
eliminate the possibilities for future growth. According to these
researchers (Meadows et al., 1972, 1992, 2004), exponential
economic growth in a finite world, due to the intensive exploitation
of natural resources, would lead to an eventual collapse of the
system. In other words, the path to a steady economic state is
inevitable. This debate on the relationship between economic
growth and the environment will experience a new dynamic, with
the progressive affirmation and renewal of much more radical
hypotheses such as those of decline.

The hypotheses of decay, of classical inspiration (in particular
with Malthus, Ricardo and Smill, who predicted a “stationary
state"), have been developed among others in the work of
economists such as Georgescu-Roegen (1995) and Daly (1974,
1993). By applying the laws of thermodynamics to economics,
Georgescu-Roegen  (1995) shows that usable energy is
continuously transformed into unusable energy until it disappears
completely.

In other words, for Georgescu-Roegen (1995), economic
development cannot continue in a world where resources are
limited. Furthermore, he considers that the land is a closed system,
and even with zero growth the resources will eventually run out,
certainly slowly but surely. As a result, future generations will
inherit a natural heritage that is insufficient for their needs.

A second group of "optimistic" authors (Martinez-Alier, 1987),
followers of the ecological economy whose analytical framework
goes beyond that of the neo-classical economics and environmental
economics, integrates the economic system into a broader systemic
set (land or biosphere).

In fact, the work on the Kuznets environmental curve
immediately corroborates the “optimistic" approach, when they
claim that growth degrades the environment in the early stages of
development, and then improves it starting at a certain income
level. In other words, this increasing or decreasing relationship, in
the form of an inverted U curve, between the level of per capita
income and the level of environmental degradation, depends on the
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type of pollution or each of the functions of the environment and
the location of the growth effects. Thus, the inverted U curve
clearly shows the evolution of sulphur dioxide and nitrogen
dioxide emissions, and for suspended particles, compared to the
level of per capita income (Frankel and Rose, 2005). However, the
work on the Kuznets environmental curve also demonstrates the
ambiguity of cross-border and global pollution. They show that this
relationship between growth and the environment appears even
more contrasting for carbon dioxide (CO2) emissions in developed
countries. Thus, they are an extension of the standard neoclassical
approach, particularly the work of Hotelling (1931) and Pigou
(1920). The creation of two branches of the environmental
economy (the economy of natural resources and the economy of
the environment) which result therefrom, integrates the
environmental problems within the framework analysis methods of
the neoclassical economy of the growth.

For "pessimistic" authors, especially the neoclassical school,
unlike the classical school, the relationship between the economy
and the environment is much less important. First, in neoclassical
economics, land appears, as much as other natural resources, as an
asset having a price and replaceable by labor and/or capital.
Second, these natural resources (including land) are considered as
already incorporated into the capital factor (Faucheux and Noel,
1995). In fact, neoclassical authors break with the classical
hypothesis of a single factor of production for two perfectly
substitutable factors (capital and labor) (Hotelling, 1931, Solow,
1974 and Hartwick, 1977), used by the standard neoclassical
production function. (Cobb-Douglas).

Neoclassical authors provide a new explanation of the possible
origin of the comparative advantages which stem from differences
in factor endowments between countries, under the assumption of
the immobility of these factors at the international level
(Heckscher- Ohlin). On these grounds, capital-intensive countries
would specialize in producing goods that are more capital-intensive
than labor-intensive.  Conversely, countries whose main
endowment is labor will benefit from comparative advantages in
labor-intensive production.

As early as the 1930s, the so-called economy of natural
resources (analysis of the exploitation of exhaustible resources -
Hotelling, 1931) - and the economy of the environment (welfare
economics and the internalization of externalities - Pigou, 1920).
The place of the environment and natural resources momentarily
evaded in the neoclassical theory, finds a renewed interest with
Solow (1991) for which the marketable natural resources
(exhaustible, but also renewable) are considered as a specific
capital (natural capital).

In other words, these "pessimistic" authors minimize the current
environmental effects of economic growth and believe in the
reversal of the trend towards the scarcity of natural resources,
thanks to the development of alternative resources using
technological solutions, and to the increase in the price of
exhaustible resources. In addition, they support a positive
correlation between economic growth and the quality of the
environment from a certain development level.

Economic growth and the environment in the
empirical literature

Empirically, the different studies of the effects of economic growth
on the environment make it a core issue in the economy of the
environment, despite the heated controversy they face.

Kuznets (1955), looking at the link between the level of
inequality and economic development in a country, finds an

inverse “U” relationship between the per capita income and the
level of environmental pollution. Several empirical studies based
on the verification of Kuznets Environmental Curve (KEC) are
emerging.

Economists such as Grossman and Krueger (1991, 1993, 1995)
and Panayotou (1993) first detect an "inverted U" curve between
per capita income and concentrations of certain air pollutants (CO,,
SO,, NO,). They tested the environmental impacts of the North
American Free Trade Agreement (NAFTA) in a panel . The
environmental variables taken into account are sulphur dioxide
(SO,) and suspended particulate matter (SPM). They find that the
turning point for SO, is between US $4,000 and US $5,000 per
capita. However, this turning point is much lower for suspended
particles. They make it clear that the environmental pollution of the
countries increases with the level of economic development of
these countries; this because of the opening of the market and the
increase of economic activity because industrialization would
impose a significant pressure on the environment. Finally, at a
certain income level, the relative increase in the importance of
services to the GDP of economies and the awareness of
environmental consequences will tend to reduce environmental
degradation.

The work of Asif and Muneer (2007) shows that in developed
countries (OECD), energy consumption increases on average by
1.1% per year. Emerging economies as a whole are expected to
have their primary energy consumption grow at an average annual
rate of 3.2% until 2025. In addition, the International Energy
Agency (IEA) is forecasting strong growth in global energy
demand by 2025. This is alarming when fossil fuels account for
80% to 95% of global demand for primary energy. This high
dependence increases the risk of a possible energy "blackout",
which could be caused by the depletion of these natural resources.

In addition Fullerton et al. (2009) show that automobile
pollution constitutes a danger in areas with high human and
economic activity. In Africa, the work of Tohon et al. (2014) show
that the development of road transport accounts for more than 90%
of the movement of people and more than 75% of goods traffic.
According to Savy (2008), transport accounts for 21% of all
greenhouse gas (GHG) emissions globally, and road transport
alone accounts for 93% of total greenhouse gas emissions related
to transport. It is therefore an important source of air pollution.

Armeanu et al. (2018) use the panel data by estimating three
(03) models from a sample of 28 countries of the European Union
(EV) for the period 1990-2014. The results of the first model,
relating to the OLS [ordinary least squares] regression, and the
second model (that of the fixed effects regression). Finally, under
the panel error vector model, the authors end up with a one-way
short-term causality ranging from GDP per capita growth to
greenhouse gas emissions, as well as a bidirectional causality
between primary energy consumption and greenhouse gas
emissions.

Najid et al. (2016) investigated and validated the existence of an
inverted U shaped relationship between CO, emissions and long-
term economic growth in Croatia for the period 1992-2011.

In addition to panel data and the time series, other work, such as
Berrens et al. (1997), were based on cross-section series and sought
to test the CEK hypothesis for the United States; considering
municipal waste as an environmental indicator. By adopting the
generalised Gamma function as an alternative to the standard
polynomial function, this work concluded that there is an inverted
U curve with a turning point around US $20,000 per capita.

However, there is still controversy about the validity and
existence of such a relationship (Stern, 2003). While a number of
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existing studies agree on the pollutant nature of economic activity
in the early stages of development by providing empirical evidence
in favor of the CEK hypothesis, other studies are finding contrasted
results.

The work of Meunié (2004) notes that not only is this curve
detected for some pollutants with localized effects but even in this
case many methodological criticisms weaken its scope.

By adopting the ARDL model, Acaravci et al. (2010) analyzed
the CEK hypothesis for CO,, economic growth and energy
consumption. The sample is composed of 19 EU countries. The
results obtained by the authors make it possible to reject the CEK
hypothesis.

In the specific case of Qatar, Mrabet et al. (2017) used the
ARDL method for the 1980-2011 period and rejected the CEK
assumption when using carbon dioxide emissions, but confirmed
the CEK using the ecological footprint as an environmental
indicator.

Selin and Ozdemir (2017), for their part, have focused attention
on the relationship between, on the one hand, CO, emissions and
income and, on the other hand, CO, emissions income and energy
consumption as environmental indicators. Using panel data, they
considered 26 OECD countries for the year 1980 and 52 emerging
countries for the year 2010. The results of both models show that
the curve takes the form of an inverted "N" for the cubic functional
form. Thus, the results do not confirm the CEK hypothesis. This
implies that the degradation of the environment cannot be
automatically solved by economic growth.

In view of the above, we ask ourselves the following question:
how large are the effects of economic growth on air pollution in the
Congo? The overall objective of this study is to analyze the effects
of economic growth on air pollution in the Congo while verifying
the hypothesis that there is a Kuznets environmental curve in the
form of an inverted U between economic growth and CO2
emissions in the Congo.

Methodology

The purpose of this section is to present the econometric model
specification, the source of the data used and the model for
estimation purposes.

Specification of the theoretical model

The formulation of the analysis model of the effect of growth on
the degradation of the environment in the Congo follows from the
STIRPAT model, which was initially proposed by Dietz and Rosa
(1997) to analyze the effects of the driving forces or activities on
the environment.

The STIRPAT model is given by:
| =axP?’AT? (1)

Where P, A and T represent population, wealth and technology

respectively. Moreover, . 3. V and ® are parameters to be
estimated.

By passing logarithmic quantities on both sides of the equation(1)
, we obtain:

Inl=a,+pINP+yInA+5InT @)

Where %y = In o

York et al. (2003) also investigated the introduction of additional
variables such as institution-related variables and squared variables
to measure non-linearities in the model. They lay the foundation
for the specification of the model we apply:

INCO, =, +a,INP +a,InPIB + a, INPIB* + &, In IND 3)

Where the dependent variable in (3) corresponds to CO2 emissions
per capita, measured in metric tons per capita. The GDP and GDP?
variables represent the cornerstone of the KCE analysis. The term
“squared” takes into account the non-linearities of the pollution-
income relationship. As an indicator of technological progress, we
use industrial activity (IND) calculated by the share of the
manufacturing industry in the total GDP. In addition, the
population effect is shown through the growth indicator. That
being said, integrating the population back into the model can
cause an endogeneity problem. Also, the size of the population
influences the environment only through the consumption of
energy. In this logic, energy consumption is used in this model as a
proxy for environmental pollution attributable to the size of the
population.

The equation (3) is thus logarithmic (3.1) in the empirical model
section below.

Model for estimation purposes

In the wake of previous analyses, this work follows the
methodology of recent studies carried out on the "economic growth
- environmental pollution" nexus (Soytas et al., 2007, Ang, 2008),
also integrating energy consumption and foreign trade as
explanatory variables.

Thus, the equation (3) becomes:

LCOZt =a,+LCE +o,LPIB, +053LPIB[2 +o,LIND, +;,LOC, +¢,
(3.1

With & the term of error.

The variables of the model that we used in this study based on our
literature review are as follows:

The endogenous variable is the emission of CO, measured in tons
of kilograms per inhabitant; it evaluates the impact of the
environmental restriction on economic growth. This same indicator
was used by Trotignon (2011) to analyze the impact of CO,
restrictions on the exports of certain emerging countries. The
variable of interest is the GDP per capita: It is expressed in US
dollars (at a constant price in 2010). According to the economic
literature, one should expect a significantly positive coefficient for
its linear term and a significantly negative coefficient for its
quadratic term, a necessary condition for obtaining a concave form
of the CEK as emphasized by Grossman and Krueger (1995).
Energy consumption (EC): expressed in kg of oil equivalent per
capita, it was also used in the works of Soytas et al (2007) and Ang
(2008). Industrial sector share (IND) in the GDP: Expressed as a
percentage of the total GDP. For Arrow et al (1995). The degree of
openness of the economy (OC): This degree of openness measures
the place of the external environment (other economies) in the
national economy.
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The data used in this research are of an annual periodicity and
range from 1971 to 2014. They are obtained from the database of
the World Bank, available on the website
www.databank.worldbank.org.

The validation of the error correction vector model is performed
on the basis of the same tests as in the multiple linear model
(normality, autocorrelation stationarity test, coefficient stability,
etc.) The optimal delay and the cointegration rank being of order 1,

Estimation results

The results derived from the estimation of our model are based on
three points: the results relating to the adjustment towards the long-
term target of the model, the results of the estimation of the short-
term model and the results of the estimation of the long-term
model, whose associated coefficients are contained in the tables
below:

Tablel: Adjustment speed towards the long-term target

Variables Coefficients T-statistics
D(LCO2(-1)) -0.372675 [-2.83084]
Source: Authors from the results obtained on STATA.

Table2: Results of the estimation of the short-term model

Variables Coefficients T-statistics
D(LCO2(-1)) 0.059802 [0.36571]
D(LCE(-1)) -0.153361 [-0.24754]
D(LOC(-1)) 0.264822 [0.34595]
D(LIND(-1)) -0.008133 [-0.0193]
D(P1BO0-1)) 0.646971 [2.56996]*
D(P1B20(-1)) -0.112371 [-2.37600]*

Note: * significant at the 5% threshold
Source: Authors from the results obtained on STATA.

Table3: Results of the estimation of the long-term model

Variables Coefficients T-statistics
LCE -2.1604 -2.68976*
LOC -7.4817 -5.54335*
LIND 4.6569 5.88289*
PIBO 1.8135 3.55663*
PIB20 -0.4222 -4,11345*

Note: * significant at the 5% threshold
Source: Authors from the results obtained on STATA.

Reading Table 4 shows that only the model where CO, is the
explained variable can be retained for the purposes of
interpretation. Indeed, its restoring force is negative and significant
at the threshold of 5%. This result confirms the character of the
approach based on error correction; which justifies the existence of
an adjustment relation towards the long-term equilibrium in the
case of this study. Moreover, the coefficient of determination of
this model is 0.3843 (Appendix 4) which means that the CO,
variations in the Congo are explained by the fluctuations of our
exogenous variables by 38.43%. Note that this small percentage is
due to the omission of certain variables that could also influence
CO, emissions in the Congo, such as demography, which is also an
important element determining the quality of the environment.
However, the strength of this model is also due to the fact that the
LM test of autocorrelation (Appendix 1) of residuals of the
regression confirms the absence of error autocorrelation. Beside

this, the Jarque-Bera test (Appendix 2) shows that the latter follows
a normal distribution All in all, the model has good statistical
properties. Therefore we can proceed to the interpretation of the
results.

Interpretation of the results

The results obtained from the estimation of the econometric model
of this study (VECM) allow us to draw a single major conclusion,
namely, that there are non-linear effects of growth on the
environment in the Republic of Congo.

Existence of a non-linear relationship

The validation of the CEK assumption in the Congo and the fact
that the coefficients associated with GDP ( and GDP squared) are
not too low, allow us to calculate the turning point corresponding
to the per capita income from which CO2 falls. The formula for
calculating this point is as follows:

* a2
X = [
2a3
Considering the results of Table 6 we have:

=US $1.46

From the above the CEK can be
18135 “ graphically illustrated as follows:

X =e]- 0001

1.46
C0,

L
7

PIB/téte

Following the results of the long-term model, we find that the
parameters associated with the GDP and GDP squared variables
are significant at the 5% threshold and [they are] expected signs.
These results confirm the logic of the Kuznets model, which
assumes a positive sign for the linear term (GDP) and a negative
sign for the quadratic term (GDP?), as a necessary condition for
obtaining a concave shape of the Kuznets environmental curve.

As a result, the results confirm our CEK hypothesis that the
level of CO, emissions initially increases with income then
stabilizes before declining when the country reaches high income
levels. Thus, in the long term, there is a Kuznets environmental
curve in the Congo in the shape of an inverted "U".

In addition, these results are similar to those of Abdul and
Mahmud (2009) who found an inverted U-shaped relationship
between CO, emissions and economic growth in the case of China,
with energy consumption and international trade as control
variables. But they contrast with those of Selin and Ozdemir.
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(2017), who found an inverted "N" shape relationship for the cubic
functional form.

Furthermore, these results highlight the possibility of an almost
perfect substitutability between natural capital (natural resource)
and artificial capital (created resource), supported by the theory of
sustainability (Pigou, 1920; Coase, 1960; Solow, 1974; and
Hartwick, 1977), which suggests that environmental regulation will
depend, beyond a certain threshold, on the use of economic
instruments and a service economy to improve the quality of the
environment.

The existence of a Kuznets environmental curve for the Congo
case is not a surprise because this result is in line with that
expected for developing countries. The elements of the explanation
are to be found in the structure of the Congolese productive
system. In fact, the oil exploitation that began in the mid-1970s led
to deep changes in the structure of the GDP and the environment.
In the wake of these changes, the development of the industrial
sector and the intensification of the exploitation of natural
resources have led to an increase in air pollution, the destruction of
aquatic fauna and coastal ecosystems, deforestation, climate
change (PND, 2012-2016). This is the first (upward) phase of the
Kuznets (CEK) environmental curve in the Republic of Congo.

On the other hand, with the implementation of sustainable
development objectives in which the Congo is a stakeholder, taking
into consideration environmental concerns is increasingly
integrating the development process in the Republic of Congo.
Thus, adopted environmental policies, the most recent in the PND
(2012-2016) following performance carried out in terms of growth
will favor the downward phase of the CEK, justified by the
decrease in CO, level because only the actual observations of the
future values of CO, emissions could confirm this categorically
since the Congo, like most developing countries, is located on the
growing part of the Kuznets environmental curve. Indeed, the
positive sign of the per capita income coefficient and the negative
sign of the quadratic term of the per capita income coefficient
validate the existence of the CEK, but the turning point is too high
and is therefore unachievable.

For Congo, the turning point is US $1.46 per capita, far from
being impossible. This simply refers to the inaccessibility of this
point at the moment. In addition, this result coincides with that of
Bella et al. (2010). Indeed, in their study, these authors found that
the results from the CEK estimate in non-OECD countries between
1971 and 2006 showed significant coefficients with the expected
signs, but the turning points were not accessible. In the same vein,
Coulibaly S. (2014), within the framework of his thesis entitled
"Energy, growth and environment in the WAEMU [West African
Economic and Monetary Union] countries" found inaccessible
turning points for the case of Benin, Cote d'Ivoire and Senegal,
respectively of 6.57x1018 US dollars per capita for the first,
2.38x1012 US dollars per capita for the second and finally 4.09x
1027 US dollars per capita for the last one.

Conclusions and policy implications

The main objective of this study was to examine the effect of
economic growth on the environment through an analysis of the
validity of the Kuznets (CEK) environmental curve for the Congo
for the 1971-2014 period. The CEK hypothesis was investigated
using the Vector Error Correction Approach (VECM) and
considering CO, emissions per capita as an indicator of
environmental conditions.

The empirical results confirm the presence of a strong long-term
relationship between CO, emissions per capita and the GDP per

capita. Moreover, the positive sign of the coefficient of the latter
and the negative sign of the coefficient of the quadratic term of the
GDP per capita validate our hypothesis of the existence of the CEK
for the case of Congo.

In the Congolese context, these results show that policies of
economic expansion must be accompanied by those fostering better
management of the environment in order to improve the standard
of living of the population and the eradication of poverty in
accordance with International Conventions and Treaties especially
related to Sustainable Development Goals (SDGs).
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