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Decoupling of greenhouse gas emissions from
economic growth in Cameroon

Jean Engo

Abstract: Knowledge of decoupling indicators and its determinants is useful for formulating targeted
policy recommendations. To this end, the Log-Mean Divisia Index and Tapio models were applied in this paper
to study the decoupling relationship among economic growth and GHG emissions in Cameroon over the period
1971-2014. The analyzes were conducted according to the three major periods that marked Cameroon after
independence and the decoupling indicators were broken down into seven factors while considering the three
main GHGs emitted in this country (i.e. CO5, CH,, and N,O). The results showed that weak decoupling, strong
decoupling, and strong negative decoupling occurred in Cameroon during the periods 1971-1984 and 1994-2014
which represent the periods before and after the economic crisis, respectively. In addition to these three decou-
pling statuses, recessive decoupling only appeared during the economic crisis period (1984-1994). From 1971 to
1984 and between 1994 and 2014, carbon intensity, economic activity, population, and emission factor not only
contributed to the increase of Cameroon’s GHG (particularly CO,) emissions but also prevented decoupling.
Unlike the period 1984-1994, energy intensity contributed to reducing environmental pollution while promoting
decoupling during the periods 1971-1984 and 1994-2014. Although all played an important role in decoupling,
we found that after the introduction of natural gas into the country’s energy mix from 2007, the effect of renew-
able energies on the mitigation of Cameroon’s CO, emissions remained higher than the substitution of fossil
fuels. However, to develop a cleaner economy, Cameroon should maintain modest economic growth and con-
tinuously transform economic development pathways, while encouraging the use of renewable energy to further

reduce energy intensity per unit of GDP per capita.
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1 Introduction

Humanity is facing huge and complex chal-
lenges, including environmental degradation, resource
scarcity,and climate change.In recent decades, climate
change has affected natural and human systems in all
regions of the world.!! These changes, which have
been observed since about 1950, are naturally related to
human influences and can be summed up in phenomena
such as the increase of the number of heavy rainfalls,
the decrease of the extremely cold temperatures, the
increase of the extremely hot temperatures, and the
extreme rise in sea level.””) Based on the results of sev-

Received: January 15, 2019; Accepted: February 5, 2019; Published: February 9, 2019

*Correspondence to: Jean Engo, Center for Energy and Environmental Policy, School
of Management and Economics, Beijing Institute of Technology, Beijing 100081, China;
Email: jean_engo@yahoo.fr

Citation:Engo J. Decoupling of greenhouse gas emissions from economic growth in
Cameroon. Resour Environ Econ, 2019, 1(1): 16-28.

Copyright: (© 2019 Jean Engo. This is an open access article distributed under the terms
of the Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author and source are credited.

Cameroon, economic growth, decoupling, CO5 emission, energy intensity, greenhouse gas,

eral studies, climatologists have pointed out that these
climatic effects are mainly caused by a largenumber of
greenhouse gases (GHG) currently concentrated in the
atmosphere. Global emissions of various GHGs have
increased steadily since last century and reached 438
parts per million (ppm) in 2008.5! This figure was 58%
above the pre-industrial level and is close to the 450
ppm threshold, which represents the level associated
with a 50% chance of exceeding the overall average
temperature variation target of 2°C.[*l Mainly driven by
strong demographic and economic growth based on high
fossil fuel consumption in developing countries, global
GHG concentration is expected to reach about 685 ppm
by mid-century and more than 1,000 ppm by 2100.!!3!
Among the top three GHGsregulated by the Kyoto
Protocol, atmospheric concentrations of carbon dioxide
(CO2) which account for more than 70% of the global
GHG emission are currently estimated at 403 ppm and
are expected to reach about 530 and 780 ppm by 2050
and 2100, respectively.'>>! Methane (CH,), which is 25
times more powerful than CO5 over a 100-year period,
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is the second largest contributor to global warming cre-
ated by humans. Since the pre-industrial period, the con-
centration of this gas in the atmosphere has more than
doubled, reaching about 1,800 parts per billion (ppb) in
recent years and is expected to reach more than 2000
ppb by 2050.53:8 Nitrous oxide (N, O) has heat-trapping
effects approximately 310 times more potent than CO,.
Over the past 800,000 years, atmospheric concentrations
of this gas have rarely exceeded 280 ppb, but since the
1920s they have increased to 328 ppb in 2015 and are
expected to reach 350 ppb by 2050.571 One of the worst
consequences of these GHG concentration levels is that
they would increase the global average temperature from
2.0°C to 2.8°C in the middle of the century and from
3.7°C to 5.6°C at the end of the century.:3! There-
fore, limiting climate change would require substantial
and sustainable reductions in GHG emissions, which,
coupled with adaptation, can limit the risks associated
with climate change. To this end, more ambitious na-
tional climate policies should be put in place to sepa-
rate GHG emissions from the path of economic growth
of developed and developing countries, and in particular,
those where industrial emergenciesare expected by 2035
to 2050, like Cameroon.®!

Cameroon is a country of 475442 square kilometres
located in the Congo Basin, specifically between the
Gulf of Guinea and Lake Chad.””! Ten years after its
independence, Cameroon’s economic development was
dominated by oil revenues and its growth increased from
3.09 to 8.06% in 1970 and 1985, respectively.l!”! This
growth suddenly dropped to 6.77% in 1986 and remained
negative between 1987 (-2.14%) and 1993 (-7.93%) due
to the economic crisis in the country as a result of
falling prices for oil and other commodities in interna-
tional markets.['") Thanks to huge reforms in eco-
nomic policy, and despite the devaluation of the CFA
franc in 1994,!'?] the country’s economic growth became
positive again and gradually increased from 2.06% in
1994 to 4.03% and 5.92% in 2003 and 2014, respec-
tively.'’? Cameroon’s economic growth has slowed in
the last three years not only because of the poor global
economy but also because of the various security chal-
lenges that the country is currently facing along its bor-
der with neighboring Nigeria.Meanwhile, Cameroon’s
population has grown at an average annual growth rate of
2.8% and is currently estimated at over 25 million.[* "]
At the same time, the country’s energy consumption in-
creased by 70.87%, from 2.7 to 9.27 Mtoe in 1971 and
2016, respectively.>'*! This strong energy and eco-
nomic growth have significantly increased GHG emis-
sions by 34.86%, from 65737.63 to 100922.13 ktCOqe
in 1970and 2012, respectively.Over the same period, the

country’s CO,, CH4 and N,O emissions also increased
by 89.58%, 55.24%,and 55.55%, respectively.'” As
Cameroon’s current vision is to reduce its GHG emis-
sions by 32% by 2035,!*! the question of how to decou-
ple GHG emissions from economic growth is currently
the most important and urgent issue for this country.

The concept of decoupling was first introduced in en-
vironmental studies by (Zhang 2000),['! to explore the
decoupling link between economic growth and carbon
emissions in China. The OECD recognized this concept
in 2002 as an indicator, which identified two decoupling
measurement statuses, namely absolute and relative de-
coupling.!'® As a result, a series of decoupling surveys
were conducted and technological opportunities, as well
as increased resource productivity and decoupling, were
identified. (Wu, et al, 2018)!'"1 examined decoupling
trends in economic growth and COy emissions in typi-
cal developed and developing countries over the period
1965-2015, based on decoupling theories. They con-
cluded that developed countries were strongly decou-
pled and that their stabilization had increased slightly,
while developing countries showed a weak decoupling,
fluctuating significantly and inconsistently. (Wang, et
al, 2018)"® combined the Tapio and LMDI models to
compare the decoupling relationship between economic
growth and CO, emissions from China and the US. They
found that China experienced expansive coupling and
low decoupling in most years between 2000 and 2014,
while the United States experienced mainly weak and
strong decoupling. (Dai, et al, 2016)"°! also combined
the Tapio and LMDI models to study the emergence of
decoupling among economic growth and energy-related
CO, emissions in the BRICS countries between 1995
and 2014. They found that only five states of decoupling
appeared among these countries, including weak decou-
pling, strong decoupling, expansive negative decoupling,
expensive coupling, and recessive decoupling. They also
concluded that the energy intensity effect played a pos-
itive role in reducing CO, emissions in the five BRICS
countries. Since decoupling is so crucial for sustainable
development, many researchers have tried to study de-
coupling in recent years, including (Engo, 2018; Mikay-
ilov, et al, 2018; Zhang, et al, 2019; Li, et al, 2015;
Zhang & Da, 2015).12°2* The main objective of all this
research is to produce effective guidelines and policies
to promote economic growth without increasing environ-
mental pressures.

However, we noted that previous studies used CO, as
a proxy for decoupling economic growth and environ-
mental pollution, and most of them had defined decou-
pling status only, without exact reasons.Furthermore, in
Cameroon, the few studies available on the question of
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energy-related to environmental pollution such as those
of (Tamba, 2017; Noubissi Domguia & Njangang, 2017;
Hilaire & Hervé, 2012),1>-?"1 have only evaluated the
causal relationships between environmental, economic,
and energy factors. Based on these considerations, the
objective of this study is to evaluate the decoupling rela-
tionship between economic growth and GHG emissions
in Cameroon over the period 1971-2014, based on the
Tapio model. The analyzes were carried out according
to Cameroon’s three major periods of economic devel-
opment, particularly the period preceding the economic
crisis (1971-1984), the period of economic crisis (1984-
1994) and the period following the crisis (1994-2014).
The study took into account the three main GHGs emit-
ted in Cameroon (i.e. CO,, CHy, and N,O) and the
decoupling indicators were broken down into seven fac-
tors, including the demographic factor, economic activ-
ity, renewable energies, energy intensity, carbon inten-
sity, the substitutionof fossil fuel, and the emission fac-
tor. With regard to its contribution, this study attempts
not only to bridge the gap of previous studies but will
also contribute to strengthening the literature in the con-
text of Cameroon. In addition, this study shows the be-
havior of Cameroon’s main drivers of GHG emissions
and provides decoupling indicators that can contribute
to the policy development needed to achieve the coun-
try’s GHG emissions mitigation vision. Based on our
best knowledge, this study is the first to measure the ef-
fect of renewable energies on decoupling.

The rest of this paper is structured as follows. The
method used to achieve the objective of this study is pre-
sented in section 2. The study’s results are presented and
discussed in section 3, while we conclude the study in
section 4.

2 Methodology and data sources

2.1 Data sources

This study’s data cover a 44-year period from 1971 to
2014. Population and GDP data are estimated in mil-
lions and billions, respectively, while energy data are es-
timated in tonnes of oil equivalent (Toe). Data on CO,
emissions are estimated in tonnes of COy (tCO5) while
those for CH, and N,O are estimated in tonnes of CO,
equivalent (tCOqe). All this data was collected from the
World Bank and the International Energy Agency./% 13!

2.2 Method of decoupling and decomposing
GHG emissions

Among all the existing decoupling methods, the one
introduced by (Tapio, 2005)8! from (Vehmas J, Malaska

P, Luukkanen J, Kaivo-oja J, Hietanen O, Vinnari M,
2003)?°! works is the most currently used, since he is the
founder of the eight logical indicators used in decoupling
status definition. According to (Tapio, 2005),?%! the re-
lationship between economic growth and CO, emissions
can be decoupled using the following model.

%AC
W(EGDP) = G ANGDP

where w(c,app), #AC, %AGDP represents the de-
coupling index of CO, emissions and gross domestic
product, percent changes in carbon emissions and per-
cent changes in the gross domestic product, respectively.
As one of this study’s objectives is to evaluate the de-
coupling indicators of the three main GHGs emitted in
Cameroon, the Equation 1 as follows.

ey

GHG!-GHG?

NAGHG,; GHGY
W(GHG,;,GDP) = YAGDP = Gppraopr (D
GDPY

where wcne,; cpp) and NAGHG; are the decou-
pling index of gas type i (i.e. COy, CHs, and N,O) and
the growth rate of this gas between a base year (0) and
a target year (t), respectively.After determining the de-
coupling indicators of these gases based on the Equation
2, we proceed to the identification of decoupling statuses
according to the eight logical indicators defined by Tapio
as presented in Table 1.

According to Cameroon’s second national communi-
cation,?”! CO, is the most emitted GHG in this coun-
try, followed by CH,4 and then N,O. Based on these in-
dicators and given the lack of data as described in the
previous subsection, specific reasons that led to the de-
coupling status defined by Equation 2 were determined
according to the main driving forces of Cameroon’s
COgemissions. To this end, we applied the Logarith-
mic Mean Divisia Index (LMDI) method, which makes it
possible to identify the contributions of a set of factorial
variables to the target variable.*!! However, to assess
CO;, emissions at the national level, the Kaya model,??]
whose general form is expressed by Equation 3, is often
used.

C:POPXQXLX@:POPXCIXEIXGD 3)
E GDP POP

where C, GDP, E, and POP denote total carbon emis-
sions, gross domestic product, energy consumption, and
population, respectively.In addition, CI, EI, and GD refer
to the carbon intensity per unit of energy used to produce
a unit of GDP, energy intensity per unit of GDP per capita
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Table 1. The eight logical decoupling status of Tapio

Decoupling statuses o(GHG;GDP) %AGDP %AGHG;
Coupling Expans.ive coupl.ing (EC) [0.8; 1.2] + +
Recessive coupling (RC) [0.8; 1.2] - -
Weak decoupling (WD) [0; 0.8] + +
Decoupling Strong decoupling (SD) [- ©;0.8] + -
Recessive decoupling (RD) [0.8; ] - -
Expansive negative decoupling (END) [1.2; o] + +
Negative decoupling Weak negative decoupling (WND) [0; 0.8] - -
Strong negative decoupling (SND) [-; 0] + -
Source: (Tapio 2005)
and economic activity, respectively. The contributions of rewrite Equation 3 as follows.
the factors presented in Equation 3 on Cameroon’s CO,
emissions between the base year (0) and the target year C, E, TF E GDP
(t) were determined by the following equations: C= E, X TF X 5o X GDP X POP x POP

ACr =C'—C° = ACei +ACE+ACep+ACrop
4)

o ey cr
ACer =2 fci ey ¥ 1 (Gr) ©

" Ct-(CP° EI
A — 3 K2 71
Ui Z InC?t — InC? xn (EI?) ©)

i=1

"Cl-CY GD!
Ao =3 1oty 1 (Gpy)
i=1 ? 2 7

O -0 POP!
ACror =3 e iy < (pors) ©
i=1 [3 3 7

Meanwhile, oil, hydropower,and biofuel were the
three main sources of Cameroon’s energy supply until
2006. Natural gas has been introduced into the coun-
try’s energy mix since 2007, and currently accounts for
4.82% of total energy supplies, while biofuel, oil, and
hydroelectricity account for 69.06, 22.24 and 3.85%, re-
spectively.l'”) However, assessing the impact of this gov-
ernment action, which consisted to improve the country’s
energy efficiency, was also the subject of this study. We
sought to understand the behavior of renewable energies
and the substitution of fossil fuels effects on CO5 emis-
sions after introducing natural gas into the country’s en-
ergy mix.To this end, Kaya’s identity (i.e. carbon inten-
sity) was expanded in this article,**! which allowed us to

=ZxFIxRE x EI x GD x POP

©)

where C;, E;, and TF denote carbon emissions of fos-

sil fuel type (i), fossil fuel consumption of type (i), and

total fossil fuels consumption, respectively. f, FI, and RE

refer to emission factor, fossil fuel substitution, and re-

newable energies, respectively. To determine the effects

of these factors on Cameroon’s CO, emissions, partic-

ularly over the period 2007-2014, taking into account

the available data, the following equations obtained from
Equation 9 were applied.

ACT = Ct - CO - ACZ —|— ACFI + ACRE

10
+ Cpr + ACqp + ACpop (10

"ot
AC2 =2 et —mes <"
i=1 ?

?

Zt
ﬁ) Y

s oo FI
Ak = ; InC! — InC? X In <FI-°> (12)

13)

EI!
=70 (14)
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Meanwhile, to determine the exact reasons for the de-
coupling status, we applied Equation 4 to Equation 8 and
Equation 10 to Equation 15 in Equation 2 to obtain the
following equations:

GDP°
we,.epP) = 5 (GDP" = GDPY) X [ACcr + ACy,
+ACr; + ACrg + ACgr + ACgp + ACpOP]
a7
o — GDP’
“'7Cox (GDP'—GDP)
18
S () "
— InC?t — InC? cr’
Y- GDP°
7700 x (GDP' = GDP")
SN o Yo VA (19
2 e e <" (%)
I GDP’
"7 Cox (GDP'— GDP)
20
n Ct CO FIt ( )
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“~ InC}f — InCY FI?
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"7 Cox (GDPT - GDP) ,
1
G (e o
—~ InC} — InCY RE?
GDP’
w =
#1700 % (GDP'— GDP)
(22)

n t_ 0 EI
K2 K2 l 3
Xlg;mct—hmyx ”(Eﬂ)]

B GDP’
Mw_C%<@DP—GDW)
(23)
-9 GD!
lz lnC’t InC? xIn <(M)]
wrOP — GDP’
C°x (GDP'—GDP")
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24

where, ACC], ACZ, ACF], ACRE, ACE[,
ACegp, and ACpop are variables that measure the
carbon intensity effect, the emission factor effect, the
effect of fossil fuel substitution, the effect of renew-
able energies, energy intensity effect, the effect of eco-
nomic activity, and the effect of the population, respec-
tively, on Cameroon’s total COy emissions. Similarly,
wcr, Wgz, Wrr, WRg, WEgr, WabD, and wpop are
variables that indicate the effects of each of the previous
variables on the decoupling of GHG from Cameroon’s
economic growth. However, the results of our analyzes
are presented and discussed in the following section.

3 Results and discussions

To study the decoupling relationship between GHG
emissions and economic growth in Cameroon over the
period 1971-2014, we distinguished three main periods
and the results obtained for this purpose are as follows.

3.1 Cameroon’s decoupling indicators from
1971 to 1984

Table 2 presents the decoupling indicators from the re-
lationship among GHG emissions (including CO,, CH,,
and N5,O) and economic growth in Cameroon during the
period preceding the economic crisis and the devaluation
of the CFA franc (1971-1984).

Table 2 shows that the relationship between GHG
emissions and economic growth was dominated by a
weak decoupling over the period 1971-1984. A strong
negative decoupling occurred between 1979 and 1980
for the three gases, and between 1973 and 1974 for CO,
emissions and from 1975 to 1976 for CH, and N,O
emissions; whereas strong decoupling was observed only
during the periods 1973-1974, 1977-1978, 1980-1981
and 1973-1975 for N,O and CH4 emissions, respec-
tively.These results, in agreement with those of other
studies, indicate that Cameroon’s economic development
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Table 2. Cameroons decoupling indicator during the period before the economic crisis (1971-1984)

Years o (CO,, GDP) DS* o (CH,, GDP) DS* @ (N,0, GDP) DS* %AC0, %ACH, %AN,0  %AGDP
1971-1972  9.60E-07 wD" 0.253 wD” 0.285 wD™ 0.04 0.006 0.007 0.02
1972-1973  3.19E-07 wD™" 0.07 wD” 0.085 wD” 0.03 0.003 0.004 0.05
1973-1974  3.15E-07 SND™ -0.036 sD™ -0.046 sD™ -0.003  -0.003  -0.005 0.1
1974-1975 7.05E-07 wD” -0.005 sD™ 0.053 wD"” 0.28 0 0.005 0.11
1975-1976  4.06E-07 wnp™ -0.46 SND™ -0.444 SND™ -0.08 0.02 0.02 -0.05
1976-1977  1.15E-06 wD™ 0.02 wD™ 0.083 wD” 0.43 0.002 0.01 0.13
1977-1978  4.44E-07 wD” 0.114 wD” -0.046 sD™ 0.07 0.02 -0.01 0.22
1978-1979  -5.76E-07 wD"™ 1.943 wD™ 0.286 wD™ 0.07 0.11 0.01 0.06
1979-1980  -1.90E-05 sND™ -5.063 SND™ -0.496 SND” 0.08 0.09 0.009 -0.01
1980-1981 1.34E-06 wD™ 0.411 wD” -0.026 sD™ 0.05 0.07 -0.004 0.17
1981-1982  1.93E-06 wD"™ 0.875 wD™ 0.316 wD™ 0.07 0.06 0.02 0.07
1982-1983  4.66E-07 wD™ 4285 wD™ 2.935 wD” 0.08 2.94 0.2 0.06
1983-1984  -8.24E-07 wD"™ 0.293 wD™ 0.093 wD™ 0.04 0.02 0.006 0.07

*DS: decoupling status ; ** See the meaning in Table 1

followed a sustainable environmental security approach
during the period 1971-1984.Before 1970, Cameroon’s
economy revolved around agriculture.Following the dis-
covery of oil deposits throughout the country in the early
1980s, the Cameroonian government implemented poli-
cies to restructure its economy.As a result, the shares of
agriculture and the tertiary sector in the national GDP
decreased from 31 to 21.76%, and from 49.76 to 38.75%
between 1971 and 1985, respectively; while that of the
industrial sector increased from 19.23% to 37.47%, as
shown in Figures 1. This helped to reduce the country’s
energy intensity per unit of GDP per capita from 0.45
Toe in 1971 to 0.27 Toe in 1984, as shown in Figures
1. Cameroon’s economic sustainability and growth thus
increased significantly, while dissociating weakly from
environmental pollution.
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Figure 1. Trends in Cameroon’s economic growth and Energy
intensity per unit of GDP from 1971 to 2014

Figures 2 and Figures 6 show that energy intensity is
the only factor that played an important role in decou-
pling economic growth from GHG (and more specif-

ically CO,) emissions over the study period.Although
having contributed slightly to increased environmental
pollution because of the 1976 economic downturn and
the global financial crisis of the 1980s, as shown in Fig-
ures 6 during the 1975-1976 (1.77%) and 1979-1980
(2.76%) periods; the total effect of energy intensity had
contributed to reducing Cameroon’s CO, emissions by
-27.01% over the period 1971-1984.This finding is con-
sistent with other studies and reflects an improvement in
the industrial processes and technologies implemented
by Cameroon during this period, which means that the
country should continue to promote technologies to re-
duce its intensity.

In contrast to energy intensity, Figures 6 shows that
carbon intensity, followed by economic activity and de-
mographic factors, helped to prevent the decoupling dur-
ing the period 1971- 1984. Despite the fall observed in
1976 and 1980 as shown in Figures 1, Cameroon’s eco-
nomic growth increased from 3.47% in 1971 to 7.47%
in 1984, while the country’s population increased from
6697745 to 9742263 over the same period.This strong
demographic and economic growth not only helped to
increase environmental pollution due to these factors as
shown in Figures 6 but also helped to slow decoupling.
Figures 6 also shows that economic growth was the main
driver of GHG (and more specifically CO3) emissions
over the 1971-1984 period, which indicates that policies
aimed at optimizing Cameroon’s economic development
path should be implemented to promote decoupling.

3.2 Cameroon’s decoupling indicators from
1984 to 1994

Caused mainly by the collapse of oil revenues and
other commodities on the international markets[11], the
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Figure 2. Decomposition of Cameroon’s decoupling indicator
during the period before the economic crisis (1971-1984)

economic crisis took hold in Cameroon in 1985, when
the country grew by 8% (Figures 1), which was well
above that of 1984 (7.47%). During this period of
crisis, decoupling indicators derived from the relation-
ship among economic growth and GHG emissions in
Cameroon were as follows (See Table 3).

Table 3 shows that the relationship between GHG
emissions and economic growth was dominated by a
strong negative decoupling over the period 1984-1994,
which means that Cameroon’s GHG emissions have in-
creased faster than economic growth while destabilizing
the quality of the environment. This result, which differs
from the majority of decoupling studies, reflects high en-
ergy and environmental cost in Cameroon’s economic
development process during this period and can be ex-
plained by the country’s economic context at that time.
Meanwhile, a weak decoupling occurred during 1984-
1986, 1984-1985 and 1993-194, and 1985-1986 periods
for N,O, CO,, and CH, emissions, respectively;whereas
strong decoupling was achieved only for CO, and CH,
emissions during the 1984-1985 and 1985-1986 peri-
ods, respectively. This result is in line with other stud-
ies and indicates that the country’s economic growth
has been greater than that of GHG emissions, reflecting
Cameroon’s efforts to judiciously align its resources to
ensure good environmental health. Table 3 shows that re-
cessive decoupling dominated the relationship between
CO, emissions and economic growth, unlike CH, and
N,O emissions, where this decoupling status only oc-
curred in the 1986-1987 and 1988-89 and 1991-92 pe-
riods; indicating that Cameroon’s GHG emissions de-
clined in line with the economic slowdown during those
periods. This can be explained by the declining share of
the industrial sector in GDP and the increase in energy
intensity, as shown in Figures 1.

However, Figures 3 and Figures 7 show that popu-
lation growth and energy intensity were the main fac-

tors that contributed negatively to the development of
decoupling in Cameroon during the period 1984-1994.
Unlike the period 1984-1986, where energy intensity
had contributed to reducing CO, emissions because of
Cameroon’s good economic growth during this period,
as shown in Figures 1 and Figures 7, the effect of this fac-
tor on environmental pollution were positive and increas-
ing between 1986 and 1994, which also helped to prevent
decoupling (See Figures 3 and Table 3). We found that
energy intensity contributed to increasing Cameroon’s
total CO, emissions by 38.56% over the period 1984-
1994, which is different from the results of other de-
composition analysis studiesand can be explained by the
high energy consumption (and fossil fuels in particular)
that Cameroon has achieved during this complex eco-
nomic period. Figures 1 shows that Cameroon’s energy
intensity per unit of GDP rose from 0.25 Toe in 1986 to
0.41 Toe in 1994, reflecting the government’s efforts to
lift the country out of the economic crisis.Given that the
country’s population had increased at an average annual
growth rate of 3%, from 9,000,345 to 10,456,81 between
1984 and 1994, the State was obliged to increase energy
consumption, particularly in the transportation and in-
dustry sectors, to respond effectively to the diverse needs
of its population. As a result, the demographic factor has
contributed to increasing Cameroon’s total CO, emis-
sions by 39.92%, while helping to prevent the proper de-
velopment of decoupling.

During 1984-1985, 1987-1989 and 1991-1992 peri-
ods, carbon intensity contributed to increasing carbon
emissions by 7.84, 219 and 100.31% respectively, while
economic activity only contributed to the 18% increase
in these emissions between 1984 and 1986, as shown in
Figures 7. This is in line with the results of other stud-
ies and can be explained by the strong economic growth
experienced by Cameroon during these periods. At the
same time, the cumulative effects of carbon intensity and
economic activity have significantly contributed to re-
ducing Cameroon’s total CO, emissions by -135.54 and
-42.93%, respectively. This means that, with the excep-
tion of the above-mentioned periods, these two factors
played an important role in promoting decoupling over
the period 1984-1994, which is different from previous
decoupling studies and can be explained by the context
of the country’s economic crisis at that time.

3.3 Cameroon’s decoupling indicators from
1994 to 2014

Figures 1 shows that, after being negative between
1987 and 1993, Cameroon’s economic growth turned
positive again in 1994, reflecting the country’s exit from
the crisis it had been experiencing for about eight years.

Resources and Environmental Economics (©) 2019 by Syncsci Publishing. All rights reserved.



Jean Engo. / Decoupling of greenhouse gas emissions from economic growth in Cameroon 23

Table 3. Cameroons decoupling indicator during the economic crisis period (1984-1994)
Years o(CO,GDP) DS*  o(CH,GDP) DS* oN,0,GDP) DS* %ACO, %ACH, %AN,0 %AGDP

ok ok ok

1984-1985 5.53E-07 WD -1.09 SD 0.05 WD 0.11 -0.08 0.004 0.08
1985-1986 -6.20E-06 Ssp” 6.41 wD"™ 1.39 wD" -0.03 0.43 0.09 0.06
1986-1987 6.68E-07 RD"” 6.29 RD” 0.74 RD"” -0.007 -0.13 -0.01 -0.02
1987-1988 -4.26E-07 SND™ 8.03 SND™ 1.34 RD” 0.09 0.62 0.1 -0.07
1988-1989 -2.46E-05 SND™ 54.15 SND™ -6.03 SND” 0.09 0.98 0.1 -0.01
1989-1990 7.16E-06 RD” -1.11 SND™ -0.61 SND™ -0.02 0.06 0.03 -0.06
1990-1991 1.25E-06 RD” 0.05 RD” -0.61 SND™ -0.07 -0.001 0.02 -0.03
1991-1992 -7.03E-06 RD” -0.11 SND™ -0.74 SND™ -0.06 0.003 0.02 -0.03
1992-1993 -1.17E-07 SND™ 0.8 SND™ -0.58 SND™ 0.06 0.06 0.04 -0.07
1993-1994 -3.02E-07 wD" -16.48 wD" 9.32 wD" 0.05 -0.34 0.19 0.02
*DS: decoupling status ** See the meaning in Table 1
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Figure 8. Cumulative decomposition of Cameroon’s CO2 emis-
sions during the period following the economic crisis and the de-
valuation of the CFA franc (1994-2014)

Unfortunately, the French Republic devalued the coun-
try’s currency (the CFA franc) just after it came out of the
crisis in 1994."? Table 4, therefore, represents decou-
pling indicators resulting from the relationship among
economic growth and GHG emissions in Cameroon fol-
lowing these two unfortunate events.

Table 4 shows that during the period 1994-2008,
the relationship between GHG emissions and economic
growth was dominated by a weak decoupling, meaning
that GHG emissions increased more slowly than eco-
nomic growth.Unlike CO, and N;O emissions, where
strong decoupling was observed only 3 and 2 times,
respectively, this decoupling status dominated the rela-
tionship among CH, emissions and economic growth in
Cameroon between 1994 and 2008; which means that
economic growth increased faster than GHG emissions
during these periods.These results are consistent with
other studies and show the good economy and environ-
mental sustainability in Cameroon after the crisis.

In order to maintain positive economic growth and less
harmful to the environment after the crisis, the Cameroo-
nian government had readjusted its economic and energy
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Figure 9. Cumulative decomposition of Cameroon’s CO2 emis-
sions during the period following the introduction of natural gas
into the country’s energy mix (2007-2014)

policies. As a result, the country’s energy intensity per
unit of GDP per capita declined from 0.41 Toe in 1994
to 0.26 Toe in 2014, whereas its economic growth in-
creased from 2.06 to 5.92% over the same period, as
shown in Figures 1. During this period, the share of
agricultural and industrial sectors in the national GDP
remained almost stable, while that of the service sector
increased due to the emergence of new information and
communication technologies.The government has priva-
tized several state-owned enterprises, while others, par-
ticularly energy-intensive ones, have seen technologi-
cal and managerial improvements.Furthermore, several
works to improve the country’s energy supply have been
completed.However, all these actions had not only con-
tributed to reducing energy intensity but also to redu-
ceits effect on Cameroon’s total CO, emissions by -
66.92% .Energy intensity was, therefore, the most im-
portant factor in promoting decoupling over the period
1994-2014 (See Figures 4), which is in line with other
studies.This suggests that Cameroon should continue to
improve technology and energy policy to achieve dy-
namic decoupling.

Meanwhile, Cameroon’s population increased by
41%, from 13109660 in 1994 to 22239904 in 2014,
whereas the country’s GDP per capita increased from
994.64 to 1293.63 constant 2010 USD during the same
period. The immediate consequence of this strong demo-
graphic and economic growth is that these two factors
contributed to increasing Cameroon’s total CO, emis-
sions by 80.29% and 39.69%, respectively. Figures 8
shows that the effects of these factors increased posi-
tively throughout the study period, which also made it
possible to progressively prevent decoupling, as shown
in Figures 4. In addition to these two factors, carbon in-
tensity contributed to increasing Cameroon’s total CO,
emissions by 46.93%, indicating that carbon intensity
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Table 4. Decomposition of Cameroon’s decoupling indicator during the period following the economic crisis and the devaluation of the

CFA franc (1994-2014)

Years ®(CO,,GDP) DS* o(CH,GDP) DS* o(N,0,GDP) DS* %ACO, %ACH, %AN,0 %AGDP
1994-1995 7.10E-07 wD"™ 0.625 wD" 0.27 wD”™  -0.03 0.02 0.01 0.04
1995-1996 3.40E-07 wD"™ 1.369 wD"™" 0.441 wD”"  -0.006 0.06 0.02 0.04
1996-1997  -1.60E-06  wD” -0.451 spD” 0.31 wDp"”  0.05 -0.02 0.01 0.05
1997-1998 -9.80E-09 wD™ 0.415 wD™ 0.423 wD” 0.04 0.02 0.02 0.04
1998-1999 -1.90E-07 sp” -0.429 sp” 0.26 wD™ 0.1 -0.01 0.01 0.04
1999-2000 5.60E-07 WD -0.195 sD” 0.617 wD™ 0.16 -0.008 0.02 0.04
2000-2001 -1.30E-08 sD” -0.059 sD” 0.199 wD”  -0.02 -0.002 0.009 0.04
2001-2002 -5.20E-09 wD™ -1.202 sp” 0.118 wD” 0.06 -0.04 0.004 0.04
2002-2003 4.80E-07 wD"™ -0.046 spD” 0.407 wD"™ 0.03 -0.001 0.01 0.04
2003-2004 2.11E-07 WD -1.115 sp” 0.279 wD" 0.01 -0.04 0.01 0.03
2004-2005 -5.30E-07 sp” -0.328 sp” 0.466 wD™ -0.02 -0.007 0.01 0.02
2005-2006 2.50E-07 WD 2.174 wD" -1.847 sp” 0.05 0.07 -0.05 0.03
2006-2007 2.90E-06 wD™ 1.909 wD™ 2.136 wD” 0.32 0.06 0.06 0.03
2007-2008 -3.80E-07 wD™ 1.518 wD™ -0.364 sp™ 0.03 0.04 -0.01 0.02
2008-2009 2.15E-06 wD"™ - - - - 0.12 - - 0.01
2009-2010 5.04E-08 wD" - - - - 0.05 - - 0.03
2010-2011 -1.07E-07 wD"™ - - - - 0.003 - - 0.04
2011-2012 2.20E-07 wD"™ - - - - 0.05 - - 0.04
2012-2013 3.05E-07 wD™ - - - - 0.09 - - 0.05
2013-2014 8.90E-08 wD™ - - - - 0.03 - - 0..05

*DS: decoupling status

also played a negative role in decoupling, which is con-
sistent with other studies. Figures 8 shows that carbon
intensity contributed significantly to the increase in CO,
emissions by 73.86 and 22.57% during the 2006-2007
and 2008-2009 periods, respectively; which also led to
an increase in the decoupling index for these periods, as
shown in Figures 4. This can be attributed to Cameroon’s
high energy consumption and strong economic growth
over these periods.

However, among other measures taken by Cameroon
to improve its energy efficiency over the period 1994-
2014, we noted the introduction of natural gas into the
country’s energy mix in 2007. For this purpose, Ta-
ble 4 shows that between 2007 and 2014, Cameroon’s
economic development was slightly dissociated from en-
vironmental pollution, indicating a low dependence of
economic growth on GHG emissions related to energy.
Figures 1 shows that over this period, the Cameroonian
economy has remained virtually stable at the structural
level, which has reduced energy intensity while promot-
ing the achievement of low decoupling.

Figures 9 shows that from 2007 to 2014 renewable en-
ergy, fossil fuel substitution and energy intensity con-
tributed to reducing Cameroon’s CO, emissions by -
0.11, -0.01, and -0.001 tCO., respectively. These results

** See the meaning in Table 1

are consistent with those of other studies and reflect a
great technological improvement in different sectors of
Cameroon’s economic activity during this period.Unlike
the transport sector, where oil continues to satisfy all en-
ergy needs, we found that the introduction of natural gas
into Cameroon’s energy mix helped to improve technolo-
gies and energy consumption in this country’s industrial
sector. In addition, despite the fact that the advent of
natural gas has contributed to reducing the share of re-
newable energy in Cameroon’s energy mix, significant
maintenance work has been done by the government to
improve the efficiency of hydropower generation. There-
fore, the effects of renewable energy and the substitution
of fossil fuels had not only contributed to improving en-
ergy intensity and reducing environmental pollution, but
also to promoting decoupling in Cameroon, as shown in
Figures 5.

Meanwhile, Cameroon’s economic and demographic
indicators show that the country’s GDP per capita in-
creased from 1185.74 constant 2010 USD in 2007 to
1293.63 in 2014 constant 2010 USD, while its popula-
tion grew by 17.28%, from 18395389 to 22239904 over
the same period. Furthermore, Figures 1 shows that the
share of the industrial sector in Cameroon’s GDP in-
creased from 29.81 to 30%, while that of the tertiary
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(47%) and agricultural (22%) sectors remained almost
stable. These indicators, which reflect high energy con-
sumption, particularly in the industrial and transport sec-
tors due to a sharp increase in urbanization in Cameroon,
make it possible to understand from Figures 9 that popu-
lation, economic activity and emission factor contributed
to increasing the country’s total CO5 emissions by 0.047,
0.022 and 0.041 tCO,, respectively. These results are
consistent with previous studies and suggest from Fig-
ures 5 that these three factors contributed to preventing
decoupling in Cameroon. However, Figures 5 shows
that during the 2008-2009 period, the population, emis-
sion factor, energy intensity,and renewable energies con-
tributed to increasing the decoupling index, whereas eco-
nomic activity and substitution of fossil fuels played an
important role in this decoupling. This situation can
mainly be explained by the slowdown in economic activ-
ity experienced by Cameroon at this time, following the
unfortunate events experienced by Cameroon in Febru-
ary 2008.134

4 Conclusion and policy implications

4.1 Conclusion

This study assesses the decoupling relationship be-
tween economic growth and GHG (including CO,, CHy,
and N,O) emissions in Cameroon from 1971 to 2014.
The analyzes were conducted according to the three ma-
jor periods that marked Cameroon after independence,
namely the period before the economic crisis (1971-
1984), the period during the economic crisis (1984-1994)
and the period after the economic crisis and the devalua-
tion of the CFA Franc (1994-2014). We used the LMDI
and Tapio models to decompose and explore the effects
of seven factors in decoupling and the main finding can
be summarized as follows.

From 1971 to 1984 and between 1994 and 2014, three
decoupling positions, namely strong decoupling, weak
decoupling,and strong negative decoupling, emerged in
the relationship among economic growth and GHG emis-
sions in Cameroon, indicating that GHG emissions have
increased slowerthan economic growth. At the same
time, we found that in addition to these three decoupling
statuses, recessive decoupling occurred in this relation-
ship between 1984 and 1994, which means that GHG
emissions have decreased faster than the economic re-
cession.

However, we found that environmental pollution was
higher in Cameroon from 1971 to 1984 than the period
1984-2014 because of the country’s strong economic
growth at that time. During the 1971-1984 and 1994-
2014 periods, carbon intensity, economic activity, popu-

lation, and emission factor not only contributed to the
increase of Cameroon’s GHG emissions but also pre-
vented decoupling. During these two periods, energy in-
tensity contributed to reducing environmental pollution
by -27.01 and -66.92%, respectively, while promoting
decoupling. In contrast to these periods, energy inten-
sity (38.56%) was almost the main driver of CO2 emis-
sions and played a negative role in Cameroon’s decou-
pling process over the period 1984-1994. Meanwhile,
the effects of renewable energies and the substitution of
fossil fuels have contributed to reducing environmental
pollution and promoting decoupling in Cameroon.

4.2 Policy implications

Based on the above results, several policy recommen-
dations to achieve emission reduction targets and to de-
velop a low-carbon economy can be formulated.

This paper shows that scale effects (population and
economic activity) had a negative impact on decou-
pling in Cameroon over the period 1971-2014. To this
end, stringent measures should be applied in energy-
intensive sectors, such as industry and transport, in order
to reduce their impact on the environment. Cameroon
should maintain modest economic growth and continu-
ously transform economic development pathways. Var-
ious policies should be implemented to encourage high
value-added development technologies in secondary and
tertiary sectors. Furthermore, the government should
promote public transit while increasing publicity and ed-
ucation means to raise awareness of the need for a low-
carbon lifestyle.

This study showed that the effects of energy inten-
sity, renewable energies, and substitution of fossil fuels
played an important role in decoupling over the period
1971-2014. Therefore, Cameroon’s energy structure still
needs to be optimized to further reduce energy intensity
per unit of GDP per capita in the country. This requires
the use of more low-carbon energies, such as natural gas
and renewable energies (i.e. hydropower, Biomass, wind
and solar), which are energy resources available in sig-
nificant quantities in this country. Cameroon should en-
courage the development of clean energy technologies
such as carbon capture and sequestration (CCS), fuel cell
vehicles and biofuels while implementing fiscal policies
and subsidies to promote the quality of its environment.
In addition, the State should develop repressive mea-
sures aimed at eliminating harmful industries that are
not respectful of the country’s environmental protection
clauses.

Although this study was conducted in the context of
Cameroon, its results can serve as a basis for the devel-
opment of GHG mitigation policies in countries with de-
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velopment conditions similar to those of Cameroon.
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