
Chapter 25

Environmental Quality and the Quality of Life in Sub-Saharan Africa: Measuring the Role
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Abstract

This study examines whether the nexus of environment and quality of life is contingent on the
level of economic liberalization in SSA. The study employs the two-step system GMM
estimation technique for the investigation. The study found a complementary interaction between
environmental quality (ENVQ) and economic liberalization. It concludes that economic
liberalization positively moderates the impact of ENVQ on the quality of life in SSA. Therefore,
this study recommends that SSA countries pursue a guided liberalization policy that manages the
process of industrialization in the region. This policy will involve mitigating environmental
degradation and pollution in the industrial cities of the region.
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1.1 Introduction

The quality of life (henceforth QoL) is a multidimensional concept with no well-developed
theoretical background (Okunlola and Akinlo, 2021). The QoL has been viewed from both
objective and subjective dimensions (WHO Group, 1995; Terhune, 1973; Felce and Perry, 1995;
Rokicka, 2014). While Terhume (1973) viewed the QoL subjectively as personal satisfaction or
as a prerequisite for happiness, Rokicka (2014) defined the QoL to mean a good life in terms of
consumption, depending on the possession of particular material goods.

Many studies have investigated the various factors influencing the QoL (Martinez-Martin,
Prieto-Flores, Forjaz, Fernandez-Mayoralas, Rojo-Perez, Rojo, and Ayala, 2012; Okunlola and
Akinlo; Nikolaev, 2014; Graafland, 2020; Joshua, 2017; Scully, 2001; Easterlin and Angelescu,
2007). For example, Martinez-Martin et al. (2012) found health, family, and finances significant
factors influencing QoL. Similarly, economic freedom, economic growth, and government
consumption expenditure have been established to affect the QoL (Okunlola and Akinlo, 2021;
Easterlin and Angelescu, 2007; Scully, 2001).

In addition to all these factors that have been demonstrated to influence the QoL, ENVQ has also
been linked to the QoL (Streimikiene, 2015; Keles, 2011; Amuka, Asogwa, Ugwuanyi, Omeje
and Onyechi, 2018; Borhan, Ahmed and Hitam, 2018; Milner, Hamilton, Woodcock, Williams,
Davies, Wilkinson, and Haines, 2020; Nkalu and Edeme 2019; Azam, Khan, Abdullah and
Qureshi, 2015; Deng, Alvarado, Toledo and Caraguay, 2020; Diener & Suh,1997; UNECE,
2009). It is a known fact that human life is greatly affected by the health of the physical
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environment. Pollutants and hazardous substances have enormous side effects on human health
(Streimikiene, 2015). According to Brajsa-Zganec, Merkas, & Sverko (2011), the ENVQ matters
intrinsically because human beings see very important the beauty and health of the place where
they live and care about the depletion of its natural resources.

Furthermore, the ENVQ is a fundamental factor in well-being because the physical environment
strongly affects the QoL (Holman & Coan, 2008; Kahn, 2002; Van Liere & Dunlap, 1980; Reto
& Garcia-Vega, 2012). For instance, environmental events such as natural disasters and
epidemics may lead to death, injury and disease. Similarly, Ahmad & Yamano (2011) claimed
that severe environmental changes might damage human health through climate change. Also,
the United Nations (2002) outlined the major health problems associated with environmental
pollution as reduced IQ, anaemia, neurological damage, physical growth impairments, nerve
disorders, pain and aching in muscles and bones, memory loss, kidney disorders, retardation,
tiredness and headaches, lead colic, seizures, delirium, coma and, in some cases, death.
Furthermore, the emissions of lead, mercury, chromium, and carbon dioxide (CO2) have a
dangerous impact by poisoning infants, pregnant women, and children between 5 and 14
(Blacksmith Institute 2011).

Aside from affecting human health, ENVQ is also a key factor influencing QoL through
household consumption (Boyd & Uri, 1990; EEA, 2012; Narayan and Narayan, 2008; Odusanya
et al., 2014; Boachie et al., 2014; Yahaya et al. 2016; Yazdi and Khanalizadeh 2017; Mujtaba
and Shahzad, 2021; UNEP/MAP-Plan Bleu, 2009; Alimi, Ajide & Isola, 2020). In their work,
Boyd & Uri (1990) demonstrated that irrespective of what type of strategy is employed to
improve ENVQ, both output, and consumption decline, as does household utility. Furthermore,
they noted that the aggregate loss in production and economic welfare (measured by
consumption expenditures and utility) is less under a policy that stresses reliance on alternative
fuels (brought about by taxation) than through one that requires the installation of pollution
abatement devices (that is, regulation). Similarly, UNEP/MAP-Plan Bleu (2009) claimed that
climate change causes the following: reduced yields in agriculture and fishing, reduced
attractiveness of tourism (heatwaves, rarefied water resources), coastal zones and infrastructures
(high exposure to waves, coastal storms, and other extreme climatic events, higher salination,
depletion of underground freshwater resources, seawater penetration in aquifers), and negative
impact on public health (heat waves). Also, Alimi et al. (2020) demonstrated that carbon
emission exerts a positive and statistically significant impact on public and national healthcare
expenditure, while no relationship exists between environmental pollution and private healthcare
expenditure.

Also, Narayan and Narayan (2008), Yazdi and Khanalizadeh (2017), Mujtaba and Shahzad
(2021), Alimi et al. (2020), and Yahaya et al. (2016) demonstrated a positive impact of ENVQ
on consumption expenditure in the health sector. However, Boachie et al. (2014) found no
statistically significant effects of ENVQ on consumption expenditure.

Furthermore, another aspect of QoL that has been linked with ENVQ is the economic well-being
measured by per capita income or growth. Some viewed that the link runs from economic well-
being to ENVQ (Kasman & Duman, 2015; Uddin, Salahuddin, Alam, & Gow, 2017). For
instance, the environmental Kuznets curve views the ENVQ-economic well-being nexus as one
running from economic growth to ENVQ. Environmental Kuznets curve argues that as the
economy develops, it has more impact on the environment (Jeffords & Thompson, 2019).



Many country-specific studies have demonstrated an inverted U-shaped curve in the ENVQ and
per capita income relationship (Hamit-Haggar, 2012; Du et al., 2012; Yavuz, 2014; Ratanavaraha
and Jomnonkwao, 2015; Onafowora and Owoye, 2014; Ahmed and Long, 2012). Other results
from the cross-national and panel studies are mixed and are not conclusive (see Shafik &
Bandyopadhyay, 1992; Panayotou, 1993; Grossman & Krueger, 1995; Unruh & Moomaw, 1998;
Unruh & Moomaw, 1998; List & Gallet, 1999; Stern & Common, 2001; Apergis and Payne,
2009; Cole & Neumayer, 2004; Chen, 2009; Lean & Smyth, 2010). While many of these studies
found support for inverted U-shaped relationships or the environmental Kuznets curve
hypothesis, others found an N-shaped (Friedl & Getzner, 2003) and monotonically increasing
(Akbostanci et al., 2009) relationship between income and CO2 emission.

However, in looking at the links between ENVQ and the QoL, many studies did not consider the
role of economic liberalization, which can stimulate industrial growth. For example, growing
effluent pollution associated with industrialization may reduce dissolved oxygen in higher-
income countries (Shafik. 1994). Also, Halicioglu (2009), Machado (2000), Ang (2009), and
Jalil and Mahmud (2009) have demonstrated the existence of a positive relationship between
liberalization and carbon dioxide emissions. Given these established linkages, it will be
instructive to show the role economic liberalization plays in the ENVQ-QoL relationship.

Sub-Saharan Africa (henceforth SSA) suffers from serious environmental problems, including
deforestation, soil erosion, desertification, wetland degradation, and insect infestation
(Mabogunje, 2010). Despite the low QoL in the region, SSA has enormous natural resources in
its rural areas, including forests and grasslands, wetlands, cultivable soils, and other biological
resources (World Bank, 1989). These natural resources extracted contributed to environmental
degradation in the region. For instance, in the ranking of global greenhouse emissions, only three
countries in the SSA region (i.e., South Africa, Zaire, and Nigeria) ranked among the top 50
countries in terms of their 1991 contributions to global greenhouse emissions (World Resources
Institute, 1994). In 2018 however, no African country was among the first 10 on this list, but the
Democratic Republic of Congo, South Africa, and Nigeria have moved to the 12th, 16th, and 26th
position, respectively (Climate Watch, 2020). This study will depart from other empirical studies
to investigate the role economic liberalisation plays in the relationship between the ENVQ and
QoL.

1.2 Materials and Methods

This study adopts the panel data analysis to examine the role economic liberalization play in the
relationship between ENVQ and QoL. This chapter uses the dynamic generalized method of
moment (GMM) to estimate the phenomena under consideration. To achieve this, a framework
dynamic panel regression model to capture the role of economic liberalization in the relationship
between ENVQ and QoL in SSA is specified as follows:

����� = � + ������−1 + ������� +
�=1

�

��� ���� + ���; � = 1, …, �; � = 1, …, �; � = 1, …, � (1)

In equation (1), ����� represents the quality of life for country i over period t; �����−1 entails the
lagged value of the quality of life for a nation’s i over time t; ������ stands for environmental
quality (ENVQ) for a nation’s i over time t; ���� represents the remaining regressors in the model,
including the moderating variable (economic liberalization measured by economic freedom) and



control variables for country i over time t, and j is the number of control and moderating
variables included. A country-specific fixed effect1 is assumed for the disturbance term as
follows:

��� = �� + ��� (2)

Where ��� represents error term; which entails ��, the country-specific fixed effects that are time-
invariant, while ��� is assumed to be independent and normally distributed and has zero (0) mean
and constant variance ��

2 overtime and across countries, that is, ��� ≈ � 0, ��� . To empirically
analyze economic liberalization’s role in the relationship between quality of life and ENVQ, this
paper uses a dynamic panel approach with the system-GMM estimator. In a dynamic panel,
including a lagged dependent variable as an independent variable violates the orthogonality
assumption. This is because the lagged value of the dependent variable (�����−1 ) depends on
���−1, which is a function of ��� . Because ��� = �� + ��� , absolutely the expected value of the
lagged dependent variable and error term �(�����−1���) ≠ 0 . From this correlation, dynamic
panel data estimation suffers from bias which disappears as t tends to infinity. To get rid of this
country-specific effect, we differenced equation (1) as follows:

∆������� = �∆������� + �∆�������−1 + �=1
� ��� ∆������ + ∆��� (3)

But, the converted error term ∆��� is correlated with ∆�������−1 as they both contain ∆���−1 .
Compared to the astatic model, ordinary least square on the first differenced data in a dynamic
model generates inconsistent parameter estimates since �(�����−1���) ≠ 0 . We must take note
that � �����−���� = 0 where � ≥ 2, � = 3, …�. Then, the chances of using instrumental
variable IV estimations, using the lagged variables as instruments. Going by this, Anderson and
Hsiao (1982) proposed IV estimation using �������−2 as instrument for
∆�������−1since � �����−2∆��� = 0.

Blundell and Bond (1998) argued that if the explained variable is close to the random walk, this
will execute the difference-GMM poorly because the past levels convey little information about
the future changes. In this case, untransformed lags are weak instruments for transformed
variables. Therefore, to increase the efficiency, we assume that orthogonality moment condition
� ������ = 0 for all i and t. Arellano and Bover (1995) first employed this method, in which to
make the instruments exogenous to the fixed effects, they transformed difference. Therefore, this
assumption is only valid if the variations in instrumental variables are linked to the fixed effect.
Going by this assumption, ∆��� is valid for all variables in levels since � ���−1��� = 0.

If N>T, the GMM estimators are suitable. The bias in the GMM model will vanish in the large T
panel. This shows that the changes to the economy’s fixed effect indicated by the error term
reduce with time, and the link between the lagged explained variable and error term would not be
significant (Judson & Owen, 1997; Roodman, 2009). For the dynamic GMM, the problem of
endogeneity is being resolved than when we use static and OLS models, which excludes
internally generated instruments. Similarly, according to Arellano (2003), Han, Phillips, & Sul
(2013), and Horváth, Hušková, Rice, & Wang (2015), the variables from the regression model
are not associated with the error factor are valid as instruments. It allows a condition where N>T
helps manage dynamic panel bias (Baum, Schaffer, & Stillman, 2007).



The study employs a dynamic panel model adopting the system-GMM in this study because it
has an advantage over difference-GMM in a variable that is‘ random walk’ or close to being a
random walk variable (Arellano, 2003; Baltagi, 2008; Baum, Schaffer, & Stillman, 2007; Han,
Phillips, & Sul, 2013). Since this study’s model includes primarily macroeconomic variables
characterized by random o difference- GMM by improving precision and reducing the finite
sample bias (Baltagi, 2008). In conducting the tests of over-identifying restrictions, whether the
instruments, as a group, are exogenous or not; either Sargan or Hansen J statistics or both are
used. Sargan statistic is reported for a one-step non-robust estimation which minimized the value
of the one-step GMM criterion function. Further, Sargan is reported for all two-step estimations
and minimized the value of the two-step GMM criterion function, and it is robust. This study
uses the Sargan test to account for the over-identifying restrictions based on this criterion.

As mentioned, the main goal of this study is to find out if the level of economic liberalization
positively/negatively moderates the impact of ENVQ on the QoL. Then, an interactive term and
other variables are incorporated in Eq. 1. Eq. 1 then becomes:

����, � = �1����, �−1 + �1�����,� + �2����,� + �3(���� ∗ ����,�) + �4�����,� +
�5�����, � + �6���, � + �� + ��,� (2)

Where ���� ∗ ����,� is the interactive term of ENVQ and economic liberalization, �����,�
represents population growth rate, �����, � measures the foreign aid inflow into country i at the
period t, and ���, � indicates government size measured by government size as a percentage of
GDP. The definition of other variables can be seen in Eq. 1; ENVQ is measured by CO2
emissions (metric tons per capita). The carbon dioxide emissions stem from burning fossil fuels
and cement manufacture. They include carbon dioxide produced during the consumption of solid,
liquid, and gas fuels and gas flaring. Also, for validation purposes, fossil fuel energy
consumption (% of total) was used to measure ENVQ. Fossil fuel comprises coal, oil, petroleum,
and natural gas products. Both CO2 emissions and fossil fuel energy consumption are the
commonly used indicators in the literature.

The study used three indicators of the QoL. Per capita income was used to measure economic
well-being, consumption per capita was used to capture the standard of living, while life
expectancy measures the health component of the QoL (Okunlola and Akinlo, 2021; Okunlola
and Ayetigbo, 2021). This study hypothesized that the coefficient of the interactive term �3 may
have a negative value but is not significant. Economic liberalization improves industrialization,
which worsens ENVQ. Also, economic liberalization improves the QoL; economic liberalization
has a positive effect on QoL but a negative effect on ENVQ. The impact of the interactive term
depends on where the impact of economic liberalization is higher--on the environment or QoL.
Data of per capita GDP, consumption per capita, life expectancy, CO2 emissions (metric tons per
capita), fossil fuel energy consumption (% of total), foreign aid, population growth rate, and
government expenditure (%GDP) were sourced from World Development Indicators of the
World Bank. Economic freedom data was sourced from the Economic Freedom of the World
(EFW) report published by the Fraser Institute.

1.3 Results and Discussion

Although there are claims that SSA countries are not meticulous with their environmental issues
(Mabojuje, 1995), the region is still a meager contribution to global greenhouse emissions
(Climate Watch, 2020). For instance, Panel A of Figure 25.1 shows the trend of CO2 emissions



and per capita income in SSA between 1985 and 2017. Chart B in Figure 25.1 compares the
trend of CO2 in SSA and other regions. Chart B shows that despite the claim that SSA possesses
a nonchalant attitude towards her environment, the region still has low average CO2 emissions
compared with other regions. For instance, aside from the European Union with a lower average
CO2 emission, the United States and China have average CO2 emissions higher than SSA (see
chart B in Figure 25.1). Chart A in Figure 25.1 shows the trend of average CO2 emissions and
GDP per capita in SSA within the study period. Chart A shows that average CO2 emissions and
GDP per capita exhibit almost a similar trend.

Also, spatial mapping of the average CO2 emissions in SSA shows that most countries with a
higher value are in the southern part of Africa (Figure 25.2). It is not a coincidence that those
with high average CO2 emissions are among the region’s countries with the highest economic
freedom level. This may validate the relationship that has been hypothesized between economic
liberalization and CO2 emissions. The countries with the highest average CO2 emissions are
represented in deeper green colour, while the countries represented with lighter green colour
have lower average CO2 emissions. And white represents an absence of data.

Figure 25.1. Trends of different indicators



Source: Data sourced from WDI, World Bank.

Figure 25.2: Spatial Analysis of the Average carbon dioxide emissions (metric tons per capita)
in SSA between 1985 and 2017.

Source: Data sourced from WDI, World Bank.



Table 25.1: Empirical dynamics of system GMM dynamic panel (two-step estimate)
SGMMR-EffectSGMMF-Effect SGMM F-Effect SGMMF-Effect SGMM F-Effect SGMMF-Effect

Lag(DEP) 1.0026* 0.981* 0.962* Lag(DEP) 0.974* 0.987* 0.971*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

CO2 -0.030* -0.015 -0.034* -0.210* -3.253*** 2.412** FOSSIL -0.008 -0.013* -0.009* -0.016* 0.036 0.303*
(0.000) (0.790) (0.000) (0.000) (0.076) (0.048) (0.001) (0.001) (0.002) (0.000) (0.802) (0.000)

EFW -0.007* 0.089* 0.046* 0.098* -0.505 3.082 EFW -0.026 -0.009 -0.011 -0.002 0.127 1.428*
(0.005) (0.000) (0.000) (0.000) (0.235) (0.000) (0.324) (0.647) (0.626) (0.928) (0.848) (0.001)

EFW*CO2 0.004* 0.026* 0.006* 0.056* 0.527** -0.370*** EFW*Fossil 0.002* 0.004* 0.001* 0.004* -0.003 -0.024**
(0.000) (0.007) (0.000) (0.000) (0.043) (0.060) (0.000) (0.000) (0.001) (0.000) (0.808) (0.030)

POPG -0.003 -0.014 0.014* (0.709) -0.032 1.748* POPG 0.101* 0.012 0.034* -0.059*** 0.371 1.777*
(0.207) (0.233) (0.000) (0.000) (0.937) (0.000) (0.000) (0.594) (0.001) (0.057) (0.753) (0.001)

LNFAID -0.001** 0.047* -0.007* 0.060* 0.634* 2.099* LNFAID -0.035* 0.036* 0.010* 0.066* 0.410* 1.623*
(0.030) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.004) (0.000) (0.004) (0.000)

GEGDP 0.001* -0.001 -0.005* -0.003 -0.025 0.086*** GEGDP -0.001 0.011* -0.002 0.006*** 0.014 0.016
(0.000) (0.763) (0.000) (0.159) (0.408) (0.083) (0.268) (0.000) 0.226) (0.078) (0.714) (0.806)

C 0.058* 5.383* 0.051* 4.765* -6.703** -9.561** C 0.732* 6.089* 0.308*** 5.387* -8.336** 6.197
(0.000) (0.000) (0.000) (0.000) (0.032) (0.022) (0.000) (0.000) (0.064) (0.000) (0.020) (0.110)

AR(1) -2.51 2.56 -1.67 AR(1) -2.61 -1.69 -0.24
(0.012) (0.010) (0.095) (0.009) (0.091) (0.812)

AR(2) -0.97 1.83 -1.25 AR(2) 0.37 1.36 -0.18
(0.334) (0.167) (-0.210) (0.713) (0.173) (0.857)

Hausman Test 9.57 14.83 55.05 Hausman Test 16.31 68.07 23.64
(0.144) (0.022) (0.000) (0.012) (0.000) (0.001)

Sargan Test 13.76 8.32 3.83 Sargan Test 8.6 1.31 2.22
(0.787) (0.999) (0.922) (0.659) (1.000) (0.946)

F-Test 273.23 239.44 33.64 F-Test 51.31 163.08 46.6
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

OBS 535 582 535 558 612 558 286 307 288 301 313 325
Note: The probability values for the fixed-effects and system GMM estimates are in parenthesis. *, ** and *** denote the significance of the individual
coefficients at 1%, 5%, and 10% levels, respectively. The Sargan test is for over-identifying restrictions. AR(1) and AR(2) represent the Arellano–Bond
test of first-order and second-order autocorrelation, respectively. The F-test examines if the panel has an individual-specific effect. Hausman’s test
determines if the difference in coefficient is systematic. Dependent variable: CO2 and Fossil emissions.

Source: Authors’ Computation



This study carried out all the pre-estimation tests, such as the stationarity and cointegration tests.
In addition, it examined the characteristics of the data used. However, due to the limited number
of tables/figures/graphs allowable, I will present the results of the tests by request.

Then, this study moves to the primary analysis of this work. Table 25.1 presents the analysis
results of the impact of economic liberalization on the nexus between ENVQ and the QoL in
SSA. The two-step system GMM results are shown in Table 25.1. First, the study used final
household consumption, per capita GDP, and life expectancy as proxies for QoL. Also, this study
used CO2 emission per capita and fossil fuel energy consumption (% of total) as the proxies for
ENVQ.

In Figure 25.1, CO2 emission per capita coefficients have a negative and significant sign for all
the models. This result suggests that CO2 emission harms economic well-being (measured by
GDP per capita), the standard of living (measured by consumption per capita), and health
(measured by life expectancy), which are all proxies used for QoL. These findings are consistent
with a priori expectations and results in the literature. For example, Ahmad & Yamano (2011),
Reto & Garcia-Vega (2012), United Nations (2002), and Blacksmith Institute (2011) all
demonstrated how ENVQ negatively impacts human health. Furthermore, environmental
degradation negatively impacts consumption and per capita income (Boyd & Uri, 1990;
UNEP/MAP-Plan Bleu, 2009; Alimi et al., 2020; Hamit-Haggar, 2012; Du et al., 2012;
Grossman & Krueger, 1995; Moomaw & Unruh, 1997). Similarly, in the second estimation,
where fossil fuel consumption is the indicator for QoL, the result shows that fossil fuel
consumption has a negative and significant impact on economic well-being and standard of
living only (Table 25.1).

As found in Okunlola and Akinlo (2021), Nikolaev (2014), and Graafland (2020), this study also
found a positive effect of economic freedom on QoL. Here, an increase in economic freedom
improves the QoL of people. But in the second estimation in the table, there is no significant
effect of economic freedom on QoL.

The table shows that the interactive term of economic liberalization and ENVQ has a positive
sign for all the models using the system GMM. For instance, the interaction of the economic
freedom variable and CO2 emission positively impacts GDP per capita, consumption per capita,
and life expectancy. While in the second estimation, the result shows a positive and significant
impact on GDP per capita and consumption per capita only. This result suggests a
complementary interaction between economic freedom and QoL. By complementary interaction,
an increase in the value of the moderator (in this case, economic freedom) will increase the
impact of the explanatory variable on the explained variable (Cartwright et al., 2018). This
implies that a unit increase in economic freedom will increase the effect of CO2 on QoL
indicators and vice versa.

Given the harmful impact, CO2 has on QoL, an increase in economic freedom should reinforce
this negative impact on QoL. However, this is not the case as the interactive terms positively
impact QoL. Earlier in this paper, we hypothesized that economic freedom also stimulates QoL
(which has been established by the result of this study). The impact of the interactive term
depends on which variable----ENVQ or QoL, economic freedom has more impact. From this
result, however, it is evident that the effect of economic freedom on QoL outweighs the effects
of economic freedom on ENVQ. Therefore, this explains why the interactive terms of economic
freedom and ENVQ have positive signs.



Next, the study looks at the economic interpretation of the marginal effect of the interactive
terms. For instance, in case 1: the conditional marginal impact of CO2 on GDP per capita when

there is economic freedom is presented as �∆�������
���2��

= −0.030
(0.000) - [ 0.004

(0.000)∗ ����� ]. Thus, the

study calculates the statistical significance of this impact for a realistic value of economic
freedom. This implies that when the economic freedom index is at its mean value (such that the
economic freedom index = 0), the marginal effect of CO2 emission is - 0.030. Given the
complementary interaction term, a rise in the value of the economic freedom index will reduce
the impact of CO2 on GDP per capita and vice versa. In other words, improvement in the level of
economic freedom in SSA increases the effects of CO2 on GDP per capita. This also applies in
the case of consumption per capita and life expectancy models.

For case 2: the conditional marginal effect of economic freedom on the GDP per capita when

there is CO2 emission in Table 25:1 is given by �∆�������
������

= 0.007
(0.000) - [ 0.004

(0.000)∗ ��2�� ]. This

implies that when the mean value of CO2 emission is being reached (i.e., CO2 emission = 0), the
marginal effect of economic freedom is 0.007 . In this case, with a complimentary interactive
term, an increase in CO2 emissions will reduce economic freedom’s impact on human
development and vice versa. This also applies to the consumption per capita and life expectancy
models. From these findings, we can conclude that the interaction of ENVQ and economic
liberalization is favourable for the improvement in QoL in SSA.

1.4 Conclusion

This study examined whether the ENVQ-QoL nexus is contingent on the level of economic
liberalization in SSA. The study employs the two-step system GMM estimation technique to
investigate the role of economic liberalization in the ENVQ-QoL relationship.

The study concludes that economic liberalization positively moderates the impact of ENVQ on
QoL in SSA. It also found that the direct effects of economic freedom on the QoL offset its
indirect effect on QoL through ENVQ. Therefore, this study will recommend that SSA countries
pursue a guided liberalization policy that would manage the process of industrialization in SSA
to mitigate environmental degradation and pollution in the industrial cities of the region. Given a
complementary interaction between ENVQ and economic liberalization in the region, a guided
liberalization policy that will take environmental preservation as its hallmark will improve the
people’s QoL.

References

Ahmad, N., & Yamano, N. (2011). Carbon dioxide emissions embodied in goods and services:
Domestic consumption versus production. OECD Statistics Directorate Working Papers,
OECD.

Ahmed, K., & Long, W. (2012). Environmental Kuznets curve and Pakistan: an empirical
analysis. Procedia Economics and Finance, 1, 4-13.



Akbostanci, E., Turut-Asik, S., & Tunc, G., (2009). The relationship between income and
environment in Turkey: is there an environmental Kuznets curve? Energy Policy 37,
861–867.

Alimi, O.Y., Ajide, K.B. & Isola, W.A. (2020). Environmental Quality and health expenditure in
ECOWAS. Environ Dev Sustain, 22, 5105–5127

Amuka, J. I., Asogwa, F. O., Ugwuanyi, R. O., Omeje, A. N., & Onyechi, T. (2018). Climate
change and Life Expectancy in a Developing Country: Evidence from Greenhouse Gas
(CO2) Emission in Nigeria. International Journal of Economics and Financial Issues,
8(4), 113-119.

Anderson, T. W., & Hsiao, C. (1982). Formulation and estimation of dynamic models using
panel data. Journal of Econometrics, 18, 47–82.

Ang, J. B. (2009). CO2 emissions, research, and technology transfer in China. Ecological
Economics, 68, 2658–2665.

Apergis, N., & Payne, J. E. (2009). Energy consumption and economic growth in Central
America: evidence from a panel cointegration and error correction model. Energy
Economics, 31, 211–216.

Arellano, M. (2003). Panel data econometrics. 114. Oxford University Press 1–244.

Arellano, M., & Bover, O. (1995). Another look at the instrumental variables estimation of error
components models. Journal of Econometrics, 68, 29–51.

Azam, M., Khan, A. Q., Abdullah, H. B., & Qureshi, M. E. (2015). The impact of CO2
emissions on economic growth: evidence from selected higher CO2 emissions economies.
Available at https://doi.org/10.1007/s11356-015-5817-4.

Baltagi, B. H. (2008). Econometric analysis of panel data. Chichester: John Wiley & Sons Ltd.

Baum, C., Schaffer, M., & Stillman, S. (2007). Enhanced routines for instrumental
variables/GMM estimation and testing. Stata Journal, 667, 1–38.

Blacksmith Institute. (2011). The World’s worst toxic pollution problems report 2011. Accessed
on 23rd May 2018, from
http://www.worstpolluted.org/files/FileUpload/files/2011/Worlds-Worst-Toxic-Pollution-
Problems-2011-Report.pdf.

Blundell, R., & Bond, S. (1998). Initial conditions and moment restrictions in dynamic panel
data models. Journal of Econometrics, 87(1), 115–143.

Boachie, M., Mensah, I., Sobiesuo, P., Immurana, M., Iddrisu, A., & Kyei-Brobbey, I. (2014).
Determinants of public expenditure in Ghana: A cointegration analysis. Journal of
Behavioural Economics, Finance, Entrepreneurship, Accounting and Transport, 2(2),
35–40.

Borhan, H., Ahmed E. M., & Hitam, M. (2018). Co2, quality of life and Economic Growth in
Asian 8. Journal of ASIAN Behavioural Studies, 3(6): 55-63.



Chen, S., (2009). Engine or drag: can high-energy consumption and CO2 emission derive the
sustainable development of Chinese industry. Front. Econ. China 4, 548–571.

Climate Watch, 2020. Historical GHG Emissions. Available at
https://www.climatewatchdata.org/ghg-
emissions?breakBy=countries&end_year=2018&regions=WORLD&start_year=1990.

Cole, M.A., & Neumayer, E., (2004). Examining the impact of demographic factors on air
pollution. Popul. Dev. Rev. 2 (1), 5–21.

Deng, Q., Alvarado, R., Toledo, E., & Caraguay, L. (2020) Greenhouse gas emissions, non-
renewable energy consumption, and output in South America: the role of the productive
structure. Environmental Science and Pollution Research. Available at
https://doi.org/10.1007/s11356-020-07693-9.

Diener, E., & Suh, E. (1997). Measuring QoL: Economic, social, and subjective indicators.
Social Indicators Research,40 (1–2), 189–216.

Easterlin, R. A., Angelescu, L. (2007). Modern economic growth and QoL: cross-sectional and
time-series evidence, IZA Discussion Papers, No. 2755, Institute for the Study of Labor
(IZA), Bonn, http://nbn-resolving.de/urn:nbn:de:101:1-20080402198.

EEA, (2012). Consumption and the Environment— 2012 Update. The European Environment
State and Outlook 2010. Copenhagen: European Environment Agency.

Felce, D., & Perry J (1995). QoL: its definition and measurement. Res Dev Disabil 16(1):51–74.

Friedl, B., & Getzner, M., (2003). Determinants of CO2 emissions in a small open economy.
Ecol. Econ. 45, 133–148.

Grossman, G.M., & Krueger, A., (1995). Economic growth and the environment. Quarterly
Journal of Economics, 110, 353–377.

Halicioglu, F., (2009). An econometric study of CO2 emissions, energy consumption, income
and foreign trade in Turkey. Energy Policy, 37, 1156–1164.

Hamit-Haggar, M. (2012). Greenhouse gas emissions, energy consumption and economic growth:
A panel cointegration analysis from Canadian industrial sector perspective. Energy
Economics, 34(1), 358-364.

Han, C., Phillips, P. C. B., & Sul, D. (2013). X-Differencing and dynamic panel model
estimation. Econometric Theory, 30 (01), 201–251.

Holman, M. R., & Coan, T. G. (2008). Voting Green. Social Science Quarterly, 89, 1121–1135.

Horváth, L., Hušková, M., Rice, G., & Wang, J. (2015). Estimation of the time of change in
panel data, 1–41.

Jalil, A., & Mahmud, S., (2009). Environment Kuznets curve for CO2 emissions: a cointegration
analysis for China. Energy Policy 37, 5167–5172.



Jeffords, C., & Thompson, A. (2019). The human rights foundations of an EKC with a minimum
consumption requirement: theory, implications, and quantitative findings. Letters in
Spatial and Resource Sciences, 12(1), 41-49.

Joshua J. (2017). Economic Development and the QoL. In: China’s Economic Growth: Towards
Sustainable Economic Development and Social Justice. Palgrave Macmillan, London.
https://doi.org/10.1057/978-1-137-59435-8_7.

Judson, R. A., & Owen, A. L. (1997). Estimating dynamic panel data models: a practical guide
for macroeconomists. Board of Governors of the Federal Reserve System Finance and
Econ Disc Series, 97–3(202), 0–21.

Kahn, M. E. (2002). Demographic change and the demand for environmental regulation. Journal
of Policy Analysis and Management, 21(1), 45–62.

Kasman, A., & Duman, Y.S. (2015). CO2 emissions, economic growth, energy consumption,
trade and urbanization in new EU member and candidate countries: a panel data analysis.
Economic Modelling, 44, 97-103.

Keles, R. (2011). The QoL and the Environment. Procedia - Social and Behavioral Sciences,
35:23–32.

Lean, H.H., & Smyth, R., (2010). CO2 emissions, electricity consumption, and output in
ASEAN. Applied Energy, 87, 1858–1864.

List, J.A., & Gallet, C.A., (1999). The environmental Kuznets curve: does one size fit all? Ecol.
Econ. 31, 409–423.

Mabogunje, A. L. (1995). The Environmental Challenges in SSA. Environment, 37(4), 4-10.

Machado, G.V. (2000). Energy use, CO2 emissions, and foreign trade: an IO approach applied to
the Brazilian case. Thirteenth International Conference on Input-output Techniques,
Macerata, Italy (August 21–25, 2000).

Milner, J., Hamilton, I. Woodcock, J., Williams, M. Davies, M., Wilkinson, P. & Haines, A.
(2020). Health benefits of policies to reduce carbon emissions. Analysis, BMJ, doi:
10.1136/bmj.l6758.

Moomaw, W.R., & Unruh, G.C., (1997). Are environmental Kuznets curves misleading us? The
case of CO2 emissions. Environ. Dev. Econ. 2 (4), 451–463.

Narayan, P. K., & Narayan, S. (2008). Does ENVQ influence health expenditures? Empirical
evidence from a panel of selected OECD countries. Ecological Economics, 65(2), 367–
374.

Nkalu, C. N., & Edeme, R. K. (2019). Environmental Hazards and Life Expectancy in Africa:
Evidence from GARCH Model. SAGE Open January-March: 1–8. DOI:
10.1177/2158244019830500.

Odusanya, I., Adegboyega, S., & Kuku, M. (2014). ENVQ and health care spending in Nigeria.
Fountain Journal of Management and Social Sciences, 3(2), 57–67.



Okunlola, O. C. and Akinlo, A. E. (2021). Does Economic Freedom Enhance Quality of Life in
Africa? International Review of Economics, Vol. 68, pp. 357-387. Available at
https://link.springer.com/article/10.1007/s12232-021-00372-2.

Okunlola, O. C. and Olumide A. Ayetigbo (2021). Economic Freedom and Human Development
in ECOWAS: Does Political-Institutional Strength Play a Role? Journal of the
Knowledge Economy. Available at https://link.springer.com/article/ 10.1007/s13132-
021-00787-w.

Onafowora, O. A., & Owoye, O. (2014). Bounds testing approach to analysis of the environment
Kuznets curve hypothesis. Energy Economics, 44, 47-62.

Panayotou, T., (1993). Empirical tests and policy analysis of environmental degradation at
different stages of economic development. Working Paper WP238, Technology and
Employment Programme. International Labor Office, Geneva.

Ratanavaraha, V., & Jomnonkwao, S. (2015). Trends in Thailand CO2 emissions in the
transportation sector and Policy Mitigation. Transport Policy,41, 136-146.

Reto, F., & Garcia-Vega, J. (2012). QoL in Mexico: A formative measurement approach.
Applied Research in QoL, 7(3), 220–230.

Rokicka E (2014). The concept of ‘QoL’ in the context of economic performance and social
progress. In: EiBel D, Rokicka E, Leaman J (eds) WelfareState at Risk. Springer, Cham.

Roodman, D. (2009). How to do xtabond2: an introduction to difference and system GMM in
Stata. The Stata Journal, 9(1), 86–136.

Scully, G.W. (2001). Government Expenditure and QoL. Public Choice, 108: 123–145.

Shafik, N., & Bandyopadhyay, S., (1992). Economic growth and ENVQ: time series and cross-
country evidence. Background paper for the World Development Report 1992, Working
Paper No 904, The World Bank, Washington DC.

Shafik, N., (1994). Economic development and ENVQ: an econometric analysis. Oxf. Econ. Pap.
46, 757–773.

Stern, D.I., & Common, M.S., (2001). Is there an environmental Kuznets curve for sulfur? J.
Environ. Econ. Manag. 41, 162–178.

Streimikiene, D. (2015). Environmental indicators for the assessment of QoL. Intellectual
Economics 9, pp. 67–79.

Terhune, K. W. (1973). Probing policy-relevant questions on the QoL. In: The QoL concept,
Environmental Protection Agency, Washington, USA.

Uddin, G.A., Salahuddin, M., Alam, K., & Gow, J. (2017). Ecological footprint and real income:
Panel data evidence from the 27 highest emitting countries. Ecological Indicators, 77,
166-175.

UNECE (2009). Measuring sustainable development, United Nation Economic Commission for
Europe. New York/Geneva: United Nations Publication.



UNEP/MAP-Plan Bleu, 2009. State of the environment and development in the Mediterranean —
2009. United Nations Environment Programme/Mediterranean Action Plan- Plan Bleu,
Athens.

United Nations. (2002). New Basel guidelines to improve recycling of Old batteries. United
Nations Environment Programme. Accessed on 9th July 2018, from
http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=248&ArticleID
=3069&I=en.

Unruh, G.C., & Moomaw, W.R., (1998). An alternative analysis of apparent EKC-type
transitions. Ecol. Econ. 25, 221–229.

WHO Group (1995). Measuring QoL. Available at www. social-
​ sciencegesis.de/en/social_monitoring/social_indicators/EU_Reporting/index.htm.

World Bank. (1989). SSA: From Crisis to Sustainable Development: A Long Term Perspective
Study (Washington, D.C., 1989).

World Resources Institute (1994). World Resources 1994-95 (New York: Oxford University
Press) pp. 133.

Yahaya, A., Nor, N. M., Habibullah, M. S., & Ghani, J. A. (2016). How relevant is ENVQ to per
capita health expenditures? Empirical evidence from a panel of developing countries.
Springer-Plus, 5(925), 1–14.

Yavuz, N. Ç. (2014). CO2 Emission, Energy Consumption, and Economic Growth for Turkey:
Evidence from a Cointegration Test with a Structural Break, Energy Sources, Part B:
Economics, Planning, and Policy, 9:3, 229-235.

Yazdi, S. K., & Khanalizadeh, B. (2017). Air pollution, economic growth and healthcare
expenditure. Economic Research, 30(1), 1181–1190.


