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ARTICLE

Testing the environmental Kuznets curve hypothesis: an
empirical study for East African countries
Sisay Demissew Beyene and Balázs Kotosz

Faculty of Economics and Business Administration, Doctoral School of Economics, University of Szeged,
Szeged, Hungary

ABSTRACT
The green economy aims to achieve economic growth and devel-
opment without an adverse effect on the environment. The envir-
onmental Kuznets curve (EKC) hypothesis explains the relationship
between economic activity and environmental degradation. Using
the EKC hypothesis as a theoretical framework, this study tested the
EKC hypothesis for 12 East African countries using the Pooled Mean
Group (PMG) approach for the period from 1990 to 2013. The result
shows that the relationship between per capita income and CO2

emissions (a proxy for environmental degradation) is bell shaped
and thus is an extended version of the original inverted U-shaped
curve relationship between economic activities and environmental
degradation. Hence, one can conclude that the economic activities
in East African countries do not lead to CO2 emissions. Therefore,
environmental conservation policies, technological advancement
and modern industrial policies are required to make the economic
growth of East African countries effective in reducing CO2

emissions.

KEYWORDS
GDP per capita; CO2

emissions; EKC hypothesis;
East Africa

Introduction

Although there is general agreement on the meaning of green growth, institutions have
defined it in their own ways. For example, the OECD defined green growth as ‘Fostering
economic growth and development, while ensuring that natural assets continue to
provide the resources and environmental services on which our well-being relies’ [1].
The World Bank defined green growth as ‘Growth that is efficient in its use of natural
resources, clean in that it minimises pollution and environmental impacts, and resilient
in that it accounts for natural hazards and the role of environmental management and
natural capital in preventing physical disasters. And this growth needs to be inclusive’ [2].

The question concerning the significance of nature and the environment for the
economy may be found in earlier economic work [3–5]. For example, Ricardo believed
that diminishing returns in farm production were caused by the supply of poor-quality
land. Malthus argued that, when the population grew with infertile land, the per capita
food supply was reduced [3,5–8]. According to Marx, the capitalist system is unsustain-
able [3,9].
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The EKC hypothesis has been the dominant theory explaining the link between eco-
nomic growth and environmental degradation since the early 1990s. The EKC hypothesis
argues that there is an inverted U-shaped relationship between economic activity and
environmental degradation. Degradation and pollution are high in the early stages of
economic growth, but, beyond a certain level of income per capita, the trend reverses, so
economic growth leads to environmental improvement at high income levels [10–15].

The carbon dioxide (CO2) emissions of Sub-Saharan Africa (SSA) fluctuated in
magnitude from the early 1990s until the early 2000s. They rose to their maximum
level during 2003 but fell in the years 2007 to 2013. Except for 2009, the GDP per capita
rose continuously from the early 2000s (see Figures 1 and 2).

Even though the EKC argues that the relationship between economic activity and
environmental degradation has an inverted U-shape, there has been empirical evidence
to the contrary. Many studies have supported the EKC [16–33], but some have not [34–45].
Further, several studies have foundmixed results (supporting the EKC hypothesis for some
countries/pollutants but not for other countries/pollutants) [46–55] (see Table 1).

Accordingly, this study examines the relationship between economic growth and CO2

emissions and the effect of economic growth on the environment in the case of East
African countries. There is a lack of empirical studies showing the relationships between
economic growth and the environment in the case of East Africa. This necessitates
a systematic examination of whether the EKC holds for East African countries. The
primary objective of the study is to test the EKC hypothesis for 121 of the 22 East African
countries.2

Literature review

This section concerns the theoretical literature on the economic hypothesis, developed by
Kuznets in 1955, the historical background of the EKC hypothesis and its meaning. The
theoretical literature has also discussed international agreements on the environment.
Meanwhile, in the empirical literature, different studies (differing in the case studies, type
of data, methodologies and variables) have supported and opposed the EKC hypothesis.

Theoretical literature

The relationship between development and inequality has been recognised for at least
60 years. Simon Kuznets studied this relationship and produced the Kuznets economic
hypothesis. Kuznets [56] argued that, at the initial stage of economic growth, income
inequality increases until it reaches a maximum point, and then income variation reduces
with economic development. In the early 1990s, the concept of the environmental
Kuznets curve (EKC) hypothesis emerged from the work of Grossman and Krueger
[10], using the concept of Kuznets [56] as a benchmark. Even though Grossman and
Krueger [10] initially examined the impact of North American Free Trade Agreement
(NAFTA) on the environment, the starting point for the concept of the EKC was
a background study by Shafik and Bandyopadhyay [12] for the World Development
Report in 1992. Hence, the EKC argues that ‘The view that greater economic activity
inevitably hurts the environment is based on static assumptions about technology, tastes
and environmental investments’ and that ‘As incomes rise, the demand for
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improvements in environmental quality will increase, as will the resources available for
investment’. Further, Beckerman [57] argued that ‘there is clear evidence that, although
economic growth usually leads to environmental degradation in the early stages of the
process, in the end the best and probably the only way to attain a decent environment in
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Figure 1. CO2 emissions of SSA from 1990 to 2014.
Source: Authors’ own construction from World Bank data, 2019.
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Figure 2. GDP per capita of SSA from 1990 to 2014.
Source: Authors’ own construction from World Bank data, 2019.
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most countries is to become rich’. Adopting the concept of the EKC hypothesis,
Grossman and Krueger [10] and Grossman and Krueger [46] validated the relationship
between per capita income and environmental degradation as having an inverted
U-shape (see Figure 3).

Figure 3 shows the inverse U-shaped graphical representation of the hypothesis. The
dependent variable is environmental degradation, which is proxied by any pollutants (air,
water and land or soil pollution) or deforestation. The dependent variable is per capita
income.

The relationship between economic activities and environmental degradation is not only
direct but can also be indirect through trade. According to Sobrinho [59], some economists
believe that free trade brings economic growth and that economic growth, in turn, helps to
protect the environment from damage through raised incomes. Conversely, others think
that free trade increases environmental damage by raising consumption and production,
thereby exerting increasing pressure on natural resources. It appears, however, that not
only does the level of economic growth have an impact on environmental pollution but also
pollution can have an impact on growth and the level of development. Mirza and Kanwal
[60] and Armeanu et al. [32] argued that there are two different views on the connection
between energy consumption and economic growth. Regarding the neo-classical (neutral-
ity) hypothesis, Menegaki [61] believed that there is no relation between energy consump-
tion and economic growth owing to the presence of other essential inputs for growth than
energy [32]. But, the non-neutrality hypothesis argues that, since energy is an essential
factor of production, environmental conservation policies can reduce economic growth.
Further, Tugcu et al. [62] contended that there are three theoretical models under the non-
neutrality hypothesis: (1) the growth hypothesis, which supports unidirectional causality

Figure 3. A typical EKC diagram.
Source: Yandle et al. [58], p. 3.
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from energy consumption to economic growth [63]; (2) the conservation hypothesis, which
advocates unidirectional causality from economic growth to energy consumption [64]; and
(3) the feedback hypothesis, which postulates bidirectional causality between energy con-
sumption and economic growth [65].

Hence, in addition to the conservation hypothesis, many studies have been conducted
based on the growth and feedback hypotheses. For example, the growth hypothesis was
supported by Dinda and Coondoo [66] for European countries, Cowan et al. [67] for
Brazil and Omri et al. [68] for Europe and Central Asia, Latin America and the Caribbean
countries. Mirza and Kanwal [60], Chaabouni et al. [69] and Shahbaz et al. [33] sup-
ported the feedback hypothesis.

Nevertheless, because of the bidirectional relationship between economic growth and
development and environmental pollution, the endogeneity problem can arise. Hence,
simple OLS, as well as the VAR framework, leads to spurious results. This study used
PMG estimation techniques to overcome these limitations.

History of environmental agreements
The first international agreement on the climate issue was adopted by the United Nations
Framework Convention on Climate Change (UNFCCC) in 1992. It aims to stabilise the
greenhouse gas concentrations in the atmosphere. According to the UNFCCC, countries
have different responsibilities: developed countries are more responsible for greenhouse
emissions and hence they have to fight against climate change by reducing their pollution
as well as providing support (including financial support) to developing countries [70].

The second agreement was the Kyoto protocol of 1997. It forces developed countries to
reduce their greenhouse gas emissions that contribute to global warming to 5 per cent below
the 1990 levels by 2012. Besides, to meet developed countries’ commitment to emission
reduction projects in developing countries, the Kyoto protocol develops an international
emissions-trading system and a clean development mechanism (CDM). It is not as effective
as expected because of the US’s unwillingness to ratify the protocol [70,71].

Following the Kyoto protocol, the Copenhagen agreement was established in 2009. It is
a non-binding document that sets a target of limiting the global temperature rise to 2 degrees,
establishes the Green Climate Fund and agrees a goal to provide climate finance from ‘a wide
variety of sources’, worth US$100 billion per year, to developing countries by 2020. Countries
have made voluntary mitigation pledges for the period up to 2020 [70].

Other initiatives include the Conference of the Parties (COP) 17 of 2011, the
announcement of China and the US about addressing climate change in 2014, the
LIMA conference in 2014, and COP 21 in October 2015. The main agreement (Paris
Agreement) was reached on 12 December 2015. It has a new legally binding framework
for an internationally coordinated effort to tackle climate change; it establishes a global
warming goal of well below 2°C of the pre-industrial average [70].

Empirical literature

This section presents the empirical literature about the environmental Kuznets curve.
Table 1 shows the authors’ names along with the year, their model, the time scope of their
case studies and their findings. All have endeavoured to explain the EKC hypothesis with
various methodologies, data and cases.
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Table 1 shows that different studies obtained different results owing to their selection of
pollution indicators (CO2, SO2, NO, SPM, etc.), estimation techniques, independent variables
included in the model, time scope and case studies. Most studies supported the EKC
hypothesis.

Data sources, model specification and methodology of the study

This section presents the data type, sources and data analysis of the study. Besides, using
the theoretical and empirical studies as a benchmark, it specifies the model. Furthermore,
the methodology and estimation techniques are described in detail.

Data type, source and data analysis

This study used time series data running from 1990 to 2013. The sources of the data were
the WB, KOF Swiss Economic Institute and Polity IV databases (see Table 2). Since data
are lacking, this study could examine only 12 of the 22 East African countries.

Model specification, estimation technique and procedures

To test the EKC hypothesis in the case of East African countries, this study used the
theoretical and empirical findings to develop the following model:

LNCO2it ¼ β0 þ β1LNGDPPCit þ β2LNGDPPC2it þ β3LNGLOBit þ β4LNFDIit
þ β5LNPOPDit þ β6POLITY2it þ εit

(1)

where LNCO2 is the natural logarithm of carbon dioxide emissions and LNGDPPC and
LNGDPPC2 (our target variables) represent the natural logarithm of the GDP per capita
and its square, respectively. LNGLOB and LNFDI are the natural logarithms of globalisa-
tion and foreign direct investment, respectively. Further, to incorporate the political
condition of the country, we added POLITY2, and εit is the error term. The para-
meters �ð Þβ1; �ð Þβ2; �=þð Þβ3; �=þð Þβ4; þð Þβ5 and �ð Þβ6 are the coefficients of
LNGDPPC, LNGDPPC2, LNGLOB, LNFDI, LNPOPD and LNPOLITY2, respectively.

Table 2. Variables in the model: measurements and data sources.
Variable Definition and measurement Data sources

LNCO2 Natural logarithm of CO2 emissions measured as metric tons per capita WB database
LNGDPPC Natural logarithm of GDP per capita measured in US$ WB database
LNGDPPC2 Square of the natural logarithm of GDP per capita measured in US$ WB database
LNGLOB Natural logarithm of globalisation measured as an index KOF Swiss Economic Institute
LNFDI Natural logarithm of foreign direct investment measured in US$ WB database
LNPOPD Natural logarithm of population density measured as people per sq. km of

land area
WB database

POLITY2 Political stability measured as the country’s elections competitiveness and
openness, the nature of political involvement in general and the degree
of checks on administrative authority. The estimate gives the country’s
score on the aggregate indicator in units of a standard normal
distribution, ranging from −10 to +10.

Polity 2 data series from the
Polity IV database

Source: Constructed by the authors, 2019.
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Besides, the signs in the parentheses in front of the coefficients are the expected
hypothesised signs of the variables.

In this study, we used Pesaran et al.’s [72] PMG estimation approach, which assumes
that the parameters are heterogeneous across groups. The PMG estimator combines
pooling and averaging of coefficients. Pesaran et al. [72] considered that the analysed
economies differ in their economic policy. To them, the PMG was significant relative to
other panel data models, because it allows the short-run responses to be flexible and
unrestricted across groups while imposing restrictions by pooling individual groups in the
long run. In other words, the likelihood-based PMG estimator constrains the long-run
elasticity to be equal across all panels, yielding efficient and consistent estimates only when
the homogeneity restriction is indeed real. Furthermore, when the number of observations
is small, the PMG estimator is less sensitive to outliers and can simultaneously correct the
serial autocorrelation problem and the problem of endogenous regressors by choosing an
appropriate lag structure for both dependent and independent variables [72].

In time series analysis, testing the stationarity of the variables is vital to avoid spurious
results. Hence, we performed the tests by Levin et al. [73] and Im et al. [74] and the
Fisher-type ADF test. Besides, testing the co-integration of the variables to determine the
long-run relationship among the variables is essential. If there is a long-run relationship
among the variables, our estimated model appears as follows:

LNCO2it ¼ αi þ
XP

j¼1

λijLNCO2i;t�j þ
Xq

j¼0

δ01ijLNGDPPCi;t�j þ
Xq

j¼0

δ02ijLNGDPPC2i;t�j

þ
Xq

j¼0

δ03ijLNGLOBi;t�j þþ
Xq

j¼0

δ04ijLNFDIi;t�j þ
Xq

j¼0

δ05ijLNPOPDi;t�j

þ
Xq

j¼0

δ06ijPOLITY2i;t�j þ εit

(2)

The re-parameterised form of Equation (2) can be formulated as follows:

ΔLNCO2it ¼ αi þ φiLNCO2i;t�1 þ β01iLNGDPPCit þ β
0
2iLNGDPPC2itþβ03iLNGLOBit

þβ04iLNFDIitþβ05iLNPOPDitþβ06iPOLITY2itþ
Xp�1

j¼1

λijΔLNCO2i;t�j

þ
Xq�1

j¼0

δ01ijΔLNGDPPCi;t�jþ
Xq�1

j¼0

δ02ijΔLNGDPPC2i;t�jþ
Xq�1

j¼0

δ03ijΔLNGLOBi;t�jþ

þ
Xq�1

j¼0

δ04ijΔLNFDIi;t�jþ
Xq�1

j¼0

δ05ijΔLNPOPDi;t�j

þ
Xq�1

j¼0

δ06ijΔPOLITY2i;t�jþ εit

(3)
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Results and discussion

This section presents the econometric results and their interpretation along with the
theoretical and empirical support of the study: i.e., the descriptive statistics, the unit root
test using the LLC, IPS and Fisher ADF methods, the co-integration test using the
Padroni residual test and the long-run and short-run dynamics results.

Descriptive statistics of the variables

Table 3 shows the descriptive statistics of the variables relating to the 12 East African
countries. The mean of LNCO2 emissions is −2.07, and the range is between −3.875 and
1.17, showing that the variation is not large. Similarly, the mean values of our target
variables (LNGDPPC and LNGDPPC2) have a small variation in their range. For example,
the mean values of LNRGDPPC and LNGDPPC2 are 6.34 and 41, respectively. Further,
the value of the range of LNGDPPC is between 5 and 9, and the range of LNGDPPC2 is
between 25.87 and 82.59. Generally, the ranges of our dependent and independent vari-
ables show low variation; the descriptive statistics of the other variables appear in Table 3.

Table 3 reveals that all the variables are positively skewed except the natural logarithm
of FDI. In addition, all the variables have positive kurtosis with a value below 6. The
deviation of the variables from their means, as shown by the standard deviation, indicates
a small growth rate (fluctuation) of these variables over the study period.

Unit root and co-integration tests

Before we checked the presence of a long-run relationship (co-integration) between the
variables, we determined the order of integration of each variable in the model by using
three commonly used panel unit root tests: the tests by Levin et al. [73] and Im et al. [74]
and the Fisher-ADF test. The unit root test shows that all the variables included in the
model are I(1) (see Annexe 1).

Following the unit root test, this study used the Pedroni [75] residual co-integration
test to confirm the existence of a long-run relationship among the variables. The
advantages of the Pedroni residual-based test relative to others (Kao and Fisher) are
that it accounts for heterogeneity by using specific parameters and it assumes cross-
sectional dependence. In the Pedroni test, there are 11 panel statistics for which co-
integration analysis can be performed. Hence, in our model, with an intercept only, the
null hypothesis of no co-integration is rejected at the 1 per cent level of significance for 6
out of the 11 test statistics (see Table 4).

The long-run estimation results

Table 5 shows the results of the long-run relationship between the CO2 emissions and the
independent variables. Our target variables, GDP per capita and its square, are negatively
and positively significant in affecting the CO2 emissions, respectively. Unlike our expec-
tation of the existence of an inverted U-shaped relation between economic growth and
CO2 emissions, our study shows the U-shaped relationship. Hence, it does not support
the existence of the EKC (inverted U-shape). This means that, up to 128.95 of GDPPC,
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the relationship between GDP per capita and CO2 emissions is negative; over this limit, it
is positive. Besides, even though the minimum value is 128.95, the GDPPC values of all
the countries are above the minimum value. This indicates that the relationship between
economic growth and CO2 emissions has the bell shape rather than the inverted U-shape
of the Kuznets hypothesis (see Annexe 2). Similar to our result, other studies have also
not supported the EKC hypothesis [34–45].

There are different carbon reduction projects in Africa, like the clean development
mechanism (CDM) of the Kyoto protocol. For each ton of CO2 reduced that the Kyoto
protocol targeted, the CDM projects can earn commercial certified emission reduction
(CER) credits. Further, to help those countries meet their emission reduction require-
ments, the CERs can be sold on one of several international carbon exchanges. Only 25
out of a total 1078 registered CDM projects are in Africa. There are 13 in South Africa,
4 in Morocco, 3 in Egypt, 2 in Tunisia, and 1 in each of Uganda, Nigeria and Tanzania
[76]. This indicates that only 2 East African countries are benefiting from CDM
projects. If this condition continues, in the long run, it will be difficult to reduce the
carbon dioxide emissions in East Africa. Hence, to reduce the carbon emissions further
(like our short-run result) and to support the EKC hypothesis in East Africa, such
projects should be encouraged by making the political, social and legal environment
attractive.

Moreover, funds (assistance) for environmental protection have their own role in
reducing the carbon dioxide emissions. Africa is receiving some assistance through two
funds operated by the Global Environment Facility (GEF). The least developed countries

Table 3. Descriptive statistics of the variables.
LNCO2 LNGDPPC LNGDPPC2 LNGLOB LNFDI LNPOPD POLITY2

Mean −2.07 6.34 40.99 3.66 17.26 4.53 1.20
Median −2.37 6.12 37.47 3.69 17.88 4.51 0.000
Max. 1.17 9.08 82.59 4.24 22.62 6.42 10.00
Min. −3.875 5.086 25.87 3.11 4.4 2.38 −9.00
Std Dev. 1.067 0.87 12.14 0.24 3.24 1.144 5.618
Skewness 1.449 1.38 1.75 0.001 −1.29 0.000 0.05
Kurtosis 5.09 4.89 5.95 2.48 5.24 1.78 1.67
Prob. 0.000 0.0000 0.0000 0.202 0.000 0.000 0.000

Observations N = 288
n = 12
T = 24
N, n and T in the table represent the total observations, the total number of countries sampled and the total number of
years for the study, respectively.

Source: Computed by the authors using Eviews 9.

Table 4. Pedroni co-integration test.
Statistic Prob. Weighted statistic Prob.

Within-dimension Panel v-statistic −0.77 0.779 −3.01 0.998
Panel rho statistic 2.11 0.98 2.01 0.977
Panel PP statistic −2.5 0.0061*** −4.011 0.0000***
Panel ADF statistic −2.81 0.0025*** −4.42 0.0000***

Between-dimension Group rho statistic 2.879 0.998 - -
Group PP statistic −4.588 0.0000a - -
Group ADF statistic −3.5 0.0002a - -

*** Significant at the 1 per cent level.
Source: Computed by the authors using Eviews 9.
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fund has attracted about $116 million in promises since 2001. Among the East African
countries, Ethiopia (to strengthen the ability of pastoralists and farmers to cope with
drought) and Kenya (to build national, provincial and community capacity, to under-
stand and manage climate change and to encourage private sector participation in
climate change adaptation) have received special funding. But the grants are too small
to have a dramatic impact on the environment. Therefore, in the long run, the grants may
not be effective in reducing carbon dioxide. Hence, increasing the funds for East African
countries is essential for environmental protection, and the results obtained through the
steps may prove the hypothesis (like our short-run result).

The short-run estimation results

Unlike the long-run results, in the short run, our target variables (the first difference of
GDP per capita and its square) affect the CO2 emissions positively and negatively,
respectively. In the short run, up to 677.35 of GDPPC, the relationship between the
GDP per capita and the CO2 emissions is positive, but it is negative afterwards. This
indicates that the relationship between economic growth and CO2 emissions has an
inverted U-shape in the short run (see Table 6).

The World Bank Group supports some projects in East Africa that lower greenhouse gas
emissions and earn carbon credits. Humbo assisted the natural regeneration project of
Ethiopia, which helped to restore 2,700 hectares of land. The Olkaria II Unit 3 geothermal
expansion project in Kenya helped to add 35 megawatts of electricity to the Kenyan national
grid and issued over 230,000 carbon credits. Madagascar has the Ankeniheny-Zahamena
Corridor Biodiversity Conservation (REDD+) project, which generated almost 4 million

Table 5. Estimated long-run coefficients using the PMG approach.
Variables Coefficients Std error Z-statistic Prob.

LNGDPPC −2.986 1.622 −1.84 0.066*
LNGDPPC2 0.307 0.132 2.32 0.020**
LNGLOB 1.061 0.347 3.05 0.002***
LNFDI −0.011 0.010 −1.14 0.255
LNPOPD 0.435 0.345 1.26 0.208
POLITY2 −0.050 0.005 −9.60 0.000***

*Significant at the 10 per cent level, ** significant at the 5 per cent level, *** significant at the
1 per cent level.

Source: Computed by the authors using Stata 14.

Table 6. Estimated short-run coefficients using the PMG approach.
Variables Coefficients Std error Z-statistic Prob.

ECM −0.364 0.089 −4.07 0.000***
D(LNGDPPC) 33.742 13.792 2.45 0.014**
D(LNGDPPC2) −2.588 1.081 −2.39 0.017**
D(LNGLOB) −0.138 0.212 −0.65 0.514
D(LNFDI) 0.0009 0.009 −0.10 0.920
D(LNPOPD) −12.423 8.599 −1.44 0.149
D(POLITY2) 0.017 0.001 1.72 0.082*
CONSTANT −0.097 0.213 −0.45 0.649

*Significant at the 10 per cent level, **significant at the 5 per cent level, ***significant at the 1 per cent
level.

Source: Computed by the authors using Stata 14.
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carbon credits and has provided other benefits for the community (fish farming, improved
irrigated rice cultivation and bean production). Rwanda’s Electrogaz Compact Fluorescent
Lightbulb Distribution project distributed 800,000 compact fluorescent lamps in the last
8 years, reducing the equivalent of 21,000 tons of carbon dioxide per year, and has generated
130,000 carbon credits [77]. Hence, in the short run, the above projects have contributed to
the reduction of greenhouse gas emissions in general and carbon dioxide emissions in
particular in East African countries. From this, one can understand that the short-run results
can be a base for the long-run results, so promoting these types of projects is important for
reducing the carbon dioxide emissions in the long run as well.

Further, subject to the developed countries’ support (financial, technological and capa-
city building), the climate change policy of the East African Community (EAC) states that
East African nations have a role to play in mitigation in the forestry, energy, industry,
transport, waste management and agricultural sectors. The objective of the policy is to
‘increase availability and access to sustainable, reliable and affordable renewable energy
sources’. Each member has an obligation: to scale up the investment in renewable energy
technologies to offer access to cheap, cleaner energy as well as improving efficiency in the
use of biomass energy; to develop suitable alternative energy sources, policies andmeasures
to enhance energy efficiency; to create a good approach to the development of biofuels for
mitigation and energy in view of food security issues; and to improve energy efficiency and
promote clean energy technologies, including hydropower, solar and wind [78]. Therefore,
in the short run, the climate change policies of the EAC contribute to reducing the carbon
dioxide emissions of our case studies. This is because, in the short run, most policies require
monitoring and evaluation, andmost countries can follow the policies. But, in the long run,
the monitoring and evaluations will be weak. What we can learn from this short-run result
is that policies should be applicable and effective, along with their monitoring and evalua-
tion, both in the long run and in the short run.

Finally, it is possible to develop different laws to ensure the reduction of carbon emissions.
The carbon tax legislation of South Africa and the carbon footprint of Tanzania are the
primary legislation for East African countries to adopt as well. Besides, the forest-related
legislation to support the reduction of emissions from deforestation and forest degradation of
Cameroon, Kenya, Nigeria and South Africa can be a model for East African countries.

The coefficient of the error correction term lagged by 1 period (ECM) is negative
(between 0 and −1) and highly significant at the 1 per cent level of significance. This
confirms the existence of the co-integration relationship among the variables in the
model. It stands for the rate of adjustment to restore equilibrium in the dynamic
model following a disturbance. The coefficient of the error correction term is −0.364.
This means that the deviation from the long term is corrected by approximately
36 per cent each year owing to variations from the short run towards the long run. In
other words, the significant error correction term suggests that around 36 per cent of the
disequilibrium in the previous year is corrected in the current year.

Conclusion

Achieving rapid and sustainable economic growth without an adverse effect on the natural
environment is a current concern for researchers, academics and policy makers. The well-
known theory that explains the relationship between economic activity and environmental
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degradation is the EKC hypothesis. Hence, the primary objective of this study was to test
the EKC hypothesis in the case of 12 East African countries for the time period from 1990 to
2013 using the PMG estimation technique. Accordingly, in addition to the GDP per capita,
square of the GDP per capita, globalisation, foreign direct investment and population
density, political variables were added to the model to determine their effect on the CO2

emissions in East African countries. The study confirmed that, in the long run, the
relationship between economic growth and CO2 emissions is not as Kuznets assumed
(an inverted U-shape); instead, it has a bell shape. This means that the relationship between
the GDP per capita and the CO2 emissions is negative until the GDP per capita reaches
128.95 USD (the turning point), but it is positive after that point. But, the reverse (an
inverted U-shape) occurs in the short run. This means that the turning point is about US$
677.35 of GDP per capita in the short run. Hence, in the long run, deliberate policies like
environmental conservation policies, the adoption of new technologies that reduce pollu-
tion and the modernisation of the existing industries, are required to make the economic
growth of East African countries effective in reducing CO2 emissions in the long run.

Notes

1. Burundi, Comoros, Ethiopia, Kenya, Madagascar, Malawi, Mauritius, Mozambique,
Rwanda, Sudan, Tanzania and Uganda.

2. The East African countries are Burundi, Comoros, Djibouti, Egypt, Eritrea, Ethiopia, Kenya,
Madagascar, Malawi, Mauritius, Mayotte, Mozambique, Reunion, Rwanda, Seychelles,
Somalia, South Sudan, Sudan, Tanzania, Uganda, Zambia and Zimbabwe [79].

Acknowledgements

This research was supported by the project nr. EFOP-3.6.2-16- 2017-00007, titled Aspects on the
development of intelligent, sustainable and inclusive society: social, technological, innovation net-
works in employment and digital economy. The project has been supported by the European Union,
co-financed by the European Social Fund and the budget of Hungary. The contents of the paper are
the sole responsibility of the authors and can under no circumstances be regarded as reflecting the
position of the European Union.

Disclosure statement

No potential conflict of interest was reported by the authors.

ORCID

Sisay Demissew Beyene http://orcid.org/0000-0001-7347-4168
Balázs Kotosz http://orcid.org/0000-0002-0277-9228

References

[1] OECD, 2011, Towards Green Growth (Paris: OECD).
[2] World Bank, 2012, Inclusive Green Growth: The Pathway to Sustainable Development

(Washington, DC: World Bank).

INTERNATIONAL JOURNAL OF ENVIRONMENTAL STUDIES 649



[3] Lakshmi, T.S. and Sahu, N.C., 2012, Validity of environmental Kuznets curve: Some review
findings. E3 Journal of Environmental Research and Management 3(6), 0108–0113.

[4] Sadimo, A., 2015, The early history of environmental economics. Review of Environmental
Economics and Policy 9(1), 43–63. doi: 10.1093/reep/reu018

[5] Gómez-Baggethun, E., Groot, R.D., Lomas, P.L., and Montes, C., 2010, The history of
ecosystem services in economic theory and practice: From early notions to markets and
payment schemes. Ecological Economics 69(6), 1209–1218. doi: 10.1016/j.
ecolecon.2009.11.007

[6] Blaug, M., 1964, Ricardian Economics: A Historical Study (New Haven: Yale University
Press).

[7] Costanza, R. and Daly, H., 1992, Natural capital and sustainable development. Conservation
Biology 6, 37–46.

[8] Turner, R.K., Pearce, D., and Bateman, I., 1994, Environmental Economics: An Elementary
Introduction (Hemel Hempstead: Harvester Wheatsheaf).

[9] Joshi, M.V., 2005, Theories and Approach of Environmental Economics (New Delhi: Atlantic
Publishers and distributors).

[10] Grossman, G.M. and Krueger, A.B., 1991, Environmental impacts of a North American free
trade agreement, National Bureau of Economic Research Working Paper 3914 (Cambridge,
MA: NBER).

[11] Grossman, G.M. and Krueger, A.B., 1993, Environmental impacts of the North American
free trade agreement. In: P. Garber Ed. The U.S.–Mexico Free Trade Agreement (Cambridge,
MA: MIT Press), pp. 1–10.

[12] Shafik, N. and Bandyopadhyay, S., 1992, Economic Growth and Environmental Quality:
Time Series and Cross-Country Evidence, Background Paper for the World Development
Report (Washington, DC: The World Bank).

[13] Panayotou, T., 1993, Empirical tests and policy analysis of environmental degradation at
different stages of economic development, Working Paper, Technology and Employment
Programme (Geneva: International Labour Office).

[14] Halkos, G. and Managi, S., 2016, Special issue on growth and the environment.
Environmental Economics and Policy Studies 18, 273–275. doi: 10.1007/s10018-016-0151-8

[15] Halkos, G. and Managi, S., 2017, Recent advances in empirical analysis on growth and
environment: Introduction. Environment and Development Economics 22, 649–657. doi:
10.1017/S1355770X17000286

[16] Grossman, G.M. and Krueger, A.B., 1995, Economic growth and the environment.
Quarterly Journal of Economics 110(2), 353–377. doi: 10.2307/2118443

[17] Ang, J.B., 2008, Economic development, pollutant emissions and energy consumption in
Malaysia. Journal of Policy Modelling 30(2), 271–278. doi: 10.1016/j.jpolmod.2007.04.010

[18] Halicoglu, F., 2008, An econometric study of CO2 emissions, energy consumption, income
and foreign trade in Turkey. Energy Policy 37, 1156–1164. doi: 10.1016/j.
enpol.2008.11.012

[19] Jiang, Y., Lin, T., and Zhuang, J., 2008, Environmental Kuznets curves in the people’s
Republic of China: Turning points and regional differences. Asian Development Bank
Economics Working Paper Series No. 141 (Mandaluyong City: Asian Development Bank).

[20] Song, T., Zheng, T., and Tong, L., 2008, An empirical test of the environmental Kuznets
curve in China: A panel cointegration approach. China Economic Review 19, 381–392. doi:
10.1016/j.chieco.2007.10.001

[21] Saboori, B., Sulaiman, J., and Mohd, S., 2012, Economic growth and CO2 emissions in
Malaysia: A cointegration analysis of the environmental Kuznets curve. Energy Policy 51,
184–191. doi: 10.1016/j.enpol.2012.08.065

[22] Jobert, T., Karanfil, F., and Tykhonenko, A., 2012, The environmental kuznets curve
reconsidered from the perspective of heterogeneity: Insights for climate change and energy
policy. GREDEG Working Paper Series: 2012–2015 (Nice: University of Nice Sophia
Antipolis). doi: 10.1094/PDIS-11-11-0999-PDN

650 S. DEMISSEW BEYENE AND B. KOTOSZ

https://doi.org/10.1093/reep/reu018
https://doi.org/10.1016/j.ecolecon.2009.11.007
https://doi.org/10.1016/j.ecolecon.2009.11.007
https://doi.org/10.1007/s10018-016-0151-8
https://doi.org/10.1017/S1355770X17000286
https://doi.org/10.1017/S1355770X17000286
https://doi.org/10.2307/2118443
https://doi.org/10.1016/j.jpolmod.2007.04.010
https://doi.org/10.1016/j.enpol.2008.11.012
https://doi.org/10.1016/j.enpol.2008.11.012
https://doi.org/10.1016/j.chieco.2007.10.001
https://doi.org/10.1016/j.chieco.2007.10.001
https://doi.org/10.1016/j.enpol.2012.08.065
https://doi.org/10.1094/PDIS-11-11-0999-PDN


[23] Shahbaz, M., Ozturk, I., Afza, T., and Ali, M., 2013, Revisiting the environmental Kuznets
curve in a global economy. Renewable and Sustainable Energy Reviews 25, 494–502. doi:
10.1016/j.rser.2013.05.021

[24] Ali, S., Bibi, M., and Rabbi, F., 2014, A new economic dimension to the environmental
Kuznets curve: Estimation of environmental efficiency in case of Pakistan. Asian Economic
and Financial Review 4(1), 8–79.

[25] Ahmed, K. and Qazi, A.Q., 2014, Environmental Kuznets curve for CO2 emission in
Mongolia. Management of Environmental Quality: an International Journal 25(4),
505–516. doi: 10.1108/MEQ-03-2013-0017

[26] Farhani, S., Mrizak, S., Chaibi, A., and Rault, C., 2014, The environmental Kuznets curve
and sustainability: A panel data analysis. Energy Policy 71, 189–198. doi: 10.1016/j.
enpol.2014.04.030

[27] Apergis, N. and Ozturk, I., 2015, Testing the environmental Kuznets curve hypothesis in
Asian countries. Ecological Indicators 52, 16–22.

[28] Wolde, E.T., 2015, Economic growth and environmental degradation in Ethiopia: An
environmental Kuznets curve analysis approach. Journal of Economics and International
Finance 7(4), 72–79. doi: 10.5897/JEIF2015.0660

[29] Tutulmaz, O., 2015, Environmental Kuznets curve time series application for Turkey: Why
controversial results exist for similar models? Renewable and Sustainable Energy Reviews 50,
73–81. doi: 10.1016/j.rser.2015.04.184

[30] Zaied, Y.B., Cheikh, N.B., and Nguyen, P., 2017, Long run analysis of environmental
Kuznets curve in the Middle East and North Africa. Environmental Economics 8(4),
72–79. doi: 10.21511/ee.08(4).2017.09

[31] Barra, C. and Zotti, R., 2018, Investigating the non-linearity between national income and
environmental pollution: International evidence of Kuznets curve. Environmental
Economics Policy Studies 20, 179–210. doi: 10.1007/s10018-017-0189-2

[32] Armeanu, D., Vintilă, G., Andrei, J.V., Gherghina, S.C., Drăgoi, M.C., and Teodor, C., 2018,
Exploring the link between environmental pollution and economic growth in EU-28
countries: Is there an environmental Kuznets curve? PLoS ONE 13(5), e0195708. doi:
10.1371/journal.pone.0195708

[33] Shahbaz, M., Hye, Q.M.A., Tiwari, A.K., and Leitáo, N.C., 2013, Economic growth, energy
consumption, financial development, international trade and CO2 emissions in Indonesia.
Renewable and Sustainable Energy Reviews 25, 109–121. doi: 10.1016/j.rser.2013.04.009

[34] Friedl, B. and Getsner, M., 2003, Determinants of CO2 emissions in a small open economy.
Ecological Economics 45(1), 133–148. doi: 10.1016/S0921-8009(03)00008-9

[35] Cialani, C., 2007, Economic growth and environmental quality: An econometric and
a decomposition analysis. Management of Environmental Quality: an International
Journal 18(5), 568–577. doi: 10.1108/14777830710778328

[36] Soytas, U., Sari, R., and Ewing, T., 2007, Energy consumption, income, and carbon emis-
sions in the United States. Ecological Economics 62, 482–489. doi: 10.1016/j.
ecolecon.2006.07.009

[37] Asghari, M., 2012, Environmental Kuznets curve and growth source in Iran.
Panoeconomicus 5, 609–623. doi: 10.2298/PAN1205609A

[38] Inglesi-Lotz, R. and Bohlmann, J., 2014, Environmental Kuznets Curve in South Africa: To
Confirm or Not to Confirm? (Northampton: EcoMod).

[39] Al-Mulali, U., Saboori, B., and Ozturk, I., 2015, Investigating the environmental Kuznets
curve hypothesis in Vietnam. Energy Policy 76(C), 123–131. doi: 10.1016/j.
enpol.2014.11.019

[40] Jebli, M.B. and Youssef, S.B., 2015, The environmental Kuznets curve, economic growth,
renewable and non-renewable energy, and trade in Tunisia. Renewable and Sustainable
Energy Reviews 47, 173–185. doi: 10.1016/j.rser.2015.02.049

[41] Adu, D.T. and Denkyirah, E.K., 2019, Economic growth and environmental pollution in
West Africa: Testing the environmental Kuznets curve hypothesis. Kasetsart Journal of
Social Sciences 040(2), 281–288.

INTERNATIONAL JOURNAL OF ENVIRONMENTAL STUDIES 651

https://doi.org/10.1016/j.rser.2013.05.021
https://doi.org/10.1016/j.rser.2013.05.021
https://doi.org/10.1108/MEQ-03-2013-0017
https://doi.org/10.1016/j.enpol.2014.04.030
https://doi.org/10.1016/j.enpol.2014.04.030
https://doi.org/10.5897/JEIF2015.0660
https://doi.org/10.1016/j.rser.2015.04.184
https://doi.org/10.21511/ee.08(4).2017.09
https://doi.org/10.1007/s10018-017-0189-2
https://doi.org/10.1371/journal.pone.0195708
https://doi.org/10.1371/journal.pone.0195708
https://doi.org/10.1016/j.rser.2013.04.009
https://doi.org/10.1016/S0921-8009(03)00008-9
https://doi.org/10.1108/14777830710778328
https://doi.org/10.1016/j.ecolecon.2006.07.009
https://doi.org/10.1016/j.ecolecon.2006.07.009
https://doi.org/10.2298/PAN1205609A
https://doi.org/10.1016/j.enpol.2014.11.019
https://doi.org/10.1016/j.enpol.2014.11.019
https://doi.org/10.1016/j.rser.2015.02.049


[42] Monserrate, M.A., Silva-Zambrano, C.A., Davalos-Penafiel, J.L., Zambrano-Monserrate, A.,
and Ruano, M.A., 2018, Testing environmental Kuznets curve hypothesis in Peru: The role
of renewable electricity, petroleum and dry natural gas. Renewable and Sustainable Energy
Reviews 82(3), 4170–4178. doi: 10.1016/j.rser.2017.11.005

[43] Al Sayed, A.R.M. and Sek, S.K., 2013, Environmental Kuznets curve: Evidence from devel-
oped and developing economies. Applied Mathematical Sciences 7(22), 1081–1092. doi:
10.12988/ams.2013.13098

[44] Lantz, V. and Feng, Q., 2006, Assessing income, population and technology impacts on CO2

emissions in Canada: Where is the environmental Kuznets curve? Ecological Economics 57
(2), 229–238. doi: 10.1016/j.ecolecon.2005.04.006

[45] Akpan, G.E. and Akpan, U.F., 2012, Electricity consumption, carbon emissions and economic
growth in Nigeria. International Journal of Energy Economics and Policy 2(4), 292–306.

[46] Grossman, G.M. and Krueger, A.B., 1994, Economic Growth and the Environment,
National Bureau of Economic Research Working Paper No. 4634 (Cambridge, MA:
NBER). doi: 10.3168/jds.S0022-0302(94)77044-2

[47] Selden, T.M. and Song, D., 1994, Environmental quality and development: Is there
a Kuznets curve for air pollution? Journal of Environmental Economics and Management
27(2), 147–162. doi: 10.1006/jeem.1994.1031

[48] Cole, M.A., Rayner, A.J., and Bates, J.M., 1997, The environmental Kuznets curve: An
empirical analysis. Environment and Development Economics 2(4), 401–416. doi: 10.1017/
S1355770X97000211

[49] Shafik, N., 1994, Economic development and environmental quality: An econometric
analysis. Oxford Economic Papers 46, 757–773. doi: 10.1093/oep/46.Supplement_1.757

[50] Hung, M.-F. and Shaw, D., 2004, Economic growth and the environmental Kuznets curve in
Taiwan: A simultaneity model analysis. In: M. Boldrin, B.-L. Chen, and P. Wang (Eds.),
Human Capital, Trade and Public Policy in Rapidly Growing Economies. From Theory to
Empirics (Cheltenham:Edward Elgar), pp. 269–290.

[51] Shaw, D., Pang, A., Lin, -C.-C., and Hung, M.-F., 2010, Economic growth and air quality in
China. Environmental Economics and Policy Studies 12, 79–96. doi: 10.1007/s10018-010-
0166-5

[52] Cetin, M.A., 2018, Investigating the environmental Kuznets curve and the role of green
energy: Emerging and developed markets. International Journal of Green Energy 15(1),
37–44. doi: 10.1080/15435075.2017.1413375

[53] Sica, E., 2014, Economic dualism and air quality in Italy: Testing the environmental Kuznets
curve hypothesis. International Journal of Environmental Studies 71(4), 463–480. doi:
10.1080/00207233.2014.928114

[54] Taguch, H., 2012, The environmental Kuznets curve in Asia: The case of sulphur and carbon
emissions. Asia-Pacific Development Journal 19(2), 77–92. doi: 10.18356/9eb232aa-en

[55] Roca, J., Padilla, E., Farre, M., and Galletto, V., 2001, Economic growth and atmospheric
pollution in Spain: Discussing the environmental Kuznets curve hypothesis. Ecological
Economics 39(1), 85–99. doi: 10.1016/S0921-8009(01)00195-1

[56] Kuznets, S., 1955, Economic growth and income inequality. American Economic Review 45
(1), 1–28.

[57] Beckerman, W., 1992, Economic growth and the environment: Whose growth? Whose
environment? World Development 20(4), 481–496. doi: 10.1016/0305-750X(92)90038-W

[58] Yandle, B., Bhattarai, M., and Vijayaraghavan, M., 2004, Environmental Kuznets curves:
A review of findings, methods, and policy implications, PERC Research Study 02-1. IWMI
Research Reports H044740 (Bozeman: PERC).

[59] Sobrinho, V.G., 2005, Trade and environmental policy strategies in the north and south
negotiation game. International Journal of Environmental Studies 62(2), 147–161. doi:
10.1080/0020723042000243290

[60] Mirza, F.M. and Kanwal, A., 2017, Energy consumption, carbon emissions and economic
growth in Pakistan: Dynamic causality analysis. Renewable and Sustainable Energy Reviews
72, 1233–1240. doi: 10.1016/j.rser.2016.10.081

652 S. DEMISSEW BEYENE AND B. KOTOSZ

https://doi.org/10.1016/j.rser.2017.11.005
https://doi.org/10.12988/ams.2013.13098
https://doi.org/10.12988/ams.2013.13098
https://doi.org/10.1016/j.ecolecon.2005.04.006
https://doi.org/10.3168/jds.S0022-0302(94)77044-2
https://doi.org/10.1006/jeem.1994.1031
https://doi.org/10.1017/S1355770X97000211
https://doi.org/10.1017/S1355770X97000211
https://doi.org/10.1093/oep/46.Supplement_1.757
https://doi.org/10.1007/s10018-010-0166-5
https://doi.org/10.1007/s10018-010-0166-5
https://doi.org/10.1080/15435075.2017.1413375
https://doi.org/10.1080/00207233.2014.928114
https://doi.org/10.1080/00207233.2014.928114
https://doi.org/10.18356/9eb232aa-en
https://doi.org/10.1016/S0921-8009(01)00195-1
https://doi.org/10.1016/0305-750X(92)90038-W
https://doi.org/10.1080/0020723042000243290
https://doi.org/10.1080/0020723042000243290
https://doi.org/10.1016/j.rser.2016.10.081


[61] Menegaki, A.N., 2011, Growth and renewable energy in Europe: A random effect model with
evidence for neutrality hypothesis. Energy Economics 33(2), 257–263. doi: 10.1016/j.
eneco.2010.10.004

[62] Tugcu, C.T., Ozturk, I., and Aslan, A., 2012, Renewable and non-renewable energy con-
sumption and economic growth relationship revisited: Evidence from G7 countries. Energy
Economics 34(6), 1942–1950.

[63] Narayan, P.K. and Smyth, R., 2008, Energy consumption and real GDP in G7 countries:
New evidence from panel cointegration with structural breaks. Energy Economics 30(5),
2331–2341. doi: 10.1016/j.eneco.2007.10.006

[64] Huang, B.N., Hwang, M.J., and Yang, C.W., 2008, Causal relationship between energy
consumption and GDP growth revisited: A dynamic panel data approach. Ecological
Economics 67(1), 41–54. doi: 10.1016/j.ecolecon.2007.11.006

[65] Eggoh, J.C., Bangake, C., and Rault, C., 2011, Energy consumption and economic growth
revisited in African countries. Energy Policy 39(11), 7408–7421. doi: 10.1016/j.
enpol.2011.09.007

[66] Dinda, S. and Coondoo, D., 2006, Income and emission: A panel data-based cointegration
analysis. Ecological Economics 57(2), 167–181. doi: 10.1016/j.ecolecon.2005.03.028

[67] Cowan, W.N., Chang, T.Y., Inglesi-Lotz, R., and Gupta, R., 2014, The nexus of electricity
consumption, economic growth and CO2 emissions in the BRICS countries. Energy Policy
66, 359–368. doi: 10.1016/j.enpol.2013.10.081

[68] Omri, A., Nguyen, D.K., and Rault, C., 2014, Causal interactions between CO2 emissions,
FDI, and economic growth, evidence from dynamic simultaneous-equation models.
Economic Model 42, 382–389. doi: 10.1016/j.econmod.2014.07.026

[69] Chaabouni, S., Zghidi, N., and Ben Mbarek, M., 2016, On the causal dynamics between CO2

emissions, health expenditures and economic growth. Sustainable Cities Society 22,
184–191. doi: 10.1016/j.scs.2016.02.001

[70] Erbach, G., 2016, The Paris agreement: A new framework for global climate action.
European Parliamentary Research Service (Brussels: European Union).

[71] Fleshman, M., 2008, Africa seeks fair share of ‘green’ cash. African Renewal. Available
online at: https://www.un.org/africarenewal/magazine/july-2008/africa-seeks-fair-share%
E2%80%98green%E2%80%99-cash (accessed July 2008).

[72] Pesaran, M.H., Shin, Y., and Smith, R.J., 1999, Pooled mean group estimation of dynamic
heterogeneous panels. Journal of the American Statistical Association 94(446), 621–634. doi:
10.1080/01621459.1999.10474156

[73] Levin, A., Lin, C.-F., and Chu, C.-S.J., 2002, Unit root tests in panel data: Asymptotic and
finite-sample properties. Journal of Econometrics 108(1), 1–24. doi: 10.1016/S0304-4076(01)
00098-7

[74] Im, K.S., Pesaran, M.H., and Shin, Y., 2003, Testing for unit roots in heterogeneous panels.
Journal of Econometrics 115(1), 53–74. doi: 10.1016/S0304-4076(03)00092-7

[75] Pedroni, P., 2004, Panel cointegration: Asymptotic and finite sample properties of pooled
time series tests with an application to the PPP hypothesis. Econometric Theory 20(3),
597–625. doi: 10.1017/S0266466604203073

[76] Fulbright, N.R., 2008, Carbon reduction projects in Africa. Available online at: https://www.
projectfinance.law/publications/2008/June/carbon-reduction-projects-in-africa (accessed 1
June 2008).

[77] World Bank, 2019, Stories from the field – a look at World Bank carbon finance projects in
Africa. Available online at: http://www.worldbank.org/en/topic/climatechange/publication/
projects-reducing-emissionsearning-carbon-credits-africa (accessed 16 September 2019).

[78] Namanya, B., 2016, Towards harmonisation of the East African Community (EAC) climate
change policies, laws and institutions. Paper for presentation at the 3rd Global Climate
Policy Conference, Ledger Plaza, Bahari Beach Hotel, Dar es Salaam, Tanzania, 13-14 July.

[79] Worldatlas, 2018, Countries found in East Africa. Available online at: https://www.worlda
tlas.com/articles/countries-found-in-east-africa.html (accessed 20 June 2018).

INTERNATIONAL JOURNAL OF ENVIRONMENTAL STUDIES 653

https://doi.org/10.1016/j.eneco.2010.10.004
https://doi.org/10.1016/j.eneco.2010.10.004
https://doi.org/10.1016/j.eneco.2007.10.006
https://doi.org/10.1016/j.ecolecon.2007.11.006
https://doi.org/10.1016/j.enpol.2011.09.007
https://doi.org/10.1016/j.enpol.2011.09.007
https://doi.org/10.1016/j.ecolecon.2005.03.028
https://doi.org/10.1016/j.enpol.2013.10.081
https://doi.org/10.1016/j.econmod.2014.07.026
https://doi.org/10.1016/j.scs.2016.02.001
https://www.un.org/africarenewal/magazine/july-2008/africa-seeks-fair-share%E2%80%98green%E2%80%99-cash
https://www.un.org/africarenewal/magazine/july-2008/africa-seeks-fair-share%E2%80%98green%E2%80%99-cash
https://doi.org/10.1080/01621459.1999.10474156
https://doi.org/10.1080/01621459.1999.10474156
https://doi.org/10.1016/S0304-4076(01)00098-7
https://doi.org/10.1016/S0304-4076(01)00098-7
https://doi.org/10.1016/S0304-4076(03)00092-7
https://doi.org/10.1017/S0266466604203073
https://www.projectfinance.law/publications/2008/June/carbon-reduction-projects-in-africa
https://www.projectfinance.law/publications/2008/June/carbon-reduction-projects-in-africa
http://www.worldbank.org/en/topic/climatechange/publication/projects-reducing-emissionsearning-carbon-credits-africa
http://www.worldbank.org/en/topic/climatechange/publication/projects-reducing-emissionsearning-carbon-credits-africa
https://www.worldatlas.com/articles/countries-found-in-east-africa.html
https://www.worldatlas.com/articles/countries-found-in-east-africa.html


Annexes

Annexe 1. Panel unit root test
Variables Statistics Values Order of integration

LNCO2 LLC −12.73*** I(1)
IPS -11.45*** I(1)
ADF 153.98*** I(1)

LNGDPPC LLC −11.80*** I(1)
IPS -11.56*** I(1)
ADF 157.71*** I(1)

LNGDPPC2 LLC −12.10*** I(1)
IPS -11.59*** I(1)
ADF 157.5*** I(1)

LNGLOB LLC −11.33*** I(1)
IPS -11.43*** I(1)
ADF 155.83*** I(1)

LNFDI LLC −12.07*** I(1)
IPS -13.52*** I(1)
ADF 276.26*** I(1)

LNPOPD LLC −4.66*** I(1)
IPS -8.63*** I(1)
ADF 308.57*** I(1)

POLITY2 LLC −8.437*** I(1)
IPS -7.30*** I(1)
ADF 78.94*** I(1)

***significant at the 1 per cent level.
Source: Computed by the authors using Eviews 9.

Annexe 2. The suggested EKC diagram
Source: Authors’ own construction.
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