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Abstract
This article investigates the relationship between energy poverty and public expenditure for a sample of 20 Sub-Saharan 
countries over the period 2006–2020. This paper focuses on three research objectives. First is using a panel data threshold 
model with fixed effects proposed by Hansen (J Econom 93(2):345-368, 1999) to detect the presence of the nonlinear effect 
of public expenditure on energy poverty. Second, we try to explain the effect of public expenditure transmission channels 
on energy poverty. Third, we explore the impact of public expenditure on energy poverty considering the role of institution 
factors. Thus, our analysis approves the existence of a link between energy poverty and public expenditure with a threshold 
of about 17.65% of GDP. In addition, CO2 emissions can accelerate the growth of energy poverty in SSA countries. Indeed, 
the results show that in countries with high energy poverty, there is a bidirectional causal link between CO2 emissions and 
energy poverty. This would provide a better understanding of the relationship between public expenditure and energy poverty 
suggesting useful implications for policymakers in targeting sustainable energy.
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Introduction

Despite progress in some areas, the world is far from achiev-
ing universal energy access by 2030. At current rates of 
advancement, 660 million people will still have no access 
to electricity by the end of the next decade. As the latest 
Sustainable Development Goals report (2021) points out, 
the prospects for clean cooking are even less bright, with 
more than 2 billion people still having to rely on inefficient 
stoves using polluting energy. In addition, the effects of the 
COVID-19 pandemic have wiped out much of the progress 
made toward poverty reduction. Global extreme poverty 
increased in 2020 for the first time since the Asian financial 
crisis of the late 1990s. However, energy economists are 
currently focusing on the concept of energy poverty as a 

key facet of sustainable development (Liu et al. 2022; Song 
et al. 2022).

Currently, energy poverty is a serious problem in Sub-
Saharan Africa. Addressing this challenge is essential 
for better socioeconomic and human development (Khan 
2019). Beyond significant regional disparities (between 
countries, between urban and rural areas), 70% of people in 
Sub-Saharan Africa lack access to electricity, and the num-
ber is increasing, as electrification efforts continue to lag 
population growth. Nevertheless, 769 million people still 
have no electricity access in 2020; three-quarters of them 
are in Sub-Saharan Africa (97 million living in urban areas 
and 471 million in rural areas). As a result, the efforts to 
understand the determinants of energy poverty have intensi-
fied. Although income poverty, energy prices, technology, 
inclusive growth, and financial development are identified 
as the main fundamentals of energy poverty, less attention 
has been paid to the government policy role through public 
expenditure (Chien et al. 2022; Hassan et al. 2022; Apergis 
et al. 2022). These facts make it important to study how 
public expenditure, more specifically, how government poli-
cies eradicate energy poverty through public expenditure 
(Oriavwote and Ukawe 2018; Nguyen and Su 2022).
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Therefore, this paper aims to seal the empirical gaps 
in the current literature and contributes to the debate on 
sustainable energy policies in the Sub-Saharan African 
countries which suffer from the lowest proportion of all 
regions in the world in terms of electric energy access 
(United Nations 2022). To our best knowledge, no research 
has referred the case of Sub-Saharan African countries by 
examining the influence of public expenditure on energy 
poverty. Thus, the theoretical literature on public finance 
highlights the key role of the institutional outline in shap-
ing the effectiveness of public expenditure (Nguyen et al. 
2018). Institutions are the rules of the game that would 
impose constraints on economic agents. A strong insti-
tutional structure such as greater government efficiency, 
less corruption, and better regulatory quality, can advance 
the effectiveness of public expenditure and thus enhance 
the effects of fiscal policies in fighting energy poverty 
(Nguyen et al. 2021). It is therefore interesting to study 
how the quality of political institutions, specifically how 
improved good governance in Sub-Saharan countries erad-
icate energy poverty.

The main motivation for this research, compared to 
other associated studies, is to demonstrate the mechanism 
by which public expenditure influences energy poverty by 
providing support based on a solid theoretical and empirical 
background. It is important to identify the determinants of 
energy shortage. This helps clarify which households are 
most likely to be energy-starved and are therefore suitable 
for targeting supportive measures (Zhang 2019; Mendoza 
et al. 2019). Thus, this study aims to contribute to the debate 
on sustainable energy policies in a variety of ways. Spe-
cifically, this article focuses on three research objectives. 
First, the study surveys the effect of public expenditure on 
energy poverty for a panel of Sub-Saharan countries over 
the period 2006–2020. We estimate a panel threshold effect 
model proposed by Hansen (1999) to detect the presence of 
the nonlinear effect of public expenditure on energy poverty. 
Second, the paper seeks to explore the influence of public 
expenditure transmission channels on energy poverty. Third, 
we examine the influence of institutional factors including 
the relationship between public expenditure and energy 
poverty. The results found should contribute to the political 
involvement in defining the right policy decisions to reduce 
energy poverty through public expenditure. This would 
provide a better understanding of the relationship between 
government expenditure and energy poverty, as well as give 
useful implications for policymakers in targeting sustain-
able energy.

The rest of the article is unfolding as follows. The second 
section contains the literature review. The third section illus-
trates the empirical framework and methodology. The fourth 
section describes the data and variables. In the fifth sec-
tion, the estimation results and discussion are highlighted. 

In section six, we test robustness. Finally, conclusions are 
made in the seventh section.

Literature review and theoretical 
background

Energy poverty and public expenditure

In recent years, the importance of energy has increased con-
siderable interest among academic researchers and policy-
makers. Several studies have investigated the topic of energy 
security such as Radovanović et al. (2017) and Demski et al. 
(2018). Interestingly, only a few surveys have focused on 
energy poverty. This is primarily classified as the inabil-
ity of the household to gather domestic energy needs. In 
the theoretical literature review, we can distinguish among 
three opposing views regarding the impact of public expend-
iture on economic growth. The Keynesian theory reveals 
that public expenditure has crowding effects on economic 
growth (Alexander 1952). Another strand of the literature, 
the neoclassical view, holds that increased public expendi-
ture squeezed out private economic activity due to the rising 
impact of borrowing on interest rates (Mundell 1963; Flem-
ing 1962). However, the Ricardian equivalence approach 
approves that public expenditure has no direct effect on 
economic growth (Barro 1990; Arestis 2011). In conjunc-
tion with these debates on theories, the empirical literature 
shows mixed results on the effect of public expenditure on 
economic growth. Likewise, some economic theories claim 
that public expenditure is one of the predominant pillars of 
fiscal policy through key roles to amend the income distri-
bution (Facchini and Melki 2013). Excessive government 
expenditure can impede economic growth due to more 
intense competition and contribute to lower private-sector 
profits (Buiter 1977). This nonlinear association is known 
as the Armey curve (Altunc and Aydın 2013) and has been 
found in several studies over the past few decades.

Interestingly, the empirical literature that contributes to 
the subject continues in a premature stage. Any change in 
income inequality as an unpleasant result of energy pov-
erty can be witnessed primarily under the multiple socio-
economic dimensions. Using the multidimensional energy 
poverty index (MEPI) approach, researchers review the spe-
cial effects of different macroeconomic indicators on energy 
deprivation. The MEPI approach is used by Crentsil et al. 
(2019) in the case of Ghana who conclude that the reduc-
tion of energy poverty is driven by policy changes, whereas 
Koomson and Danquah (2021) assess that financial inclu-
sion can decline energy poverty for the same countries. In 
a similar vein, Apergis et al. (2022) use the headcount ratio 
and construct a MEPI to evaluate the influence of education 
on energy poverty for a sample of 30 developing economies. 
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The outcomes provided insights into the energy poverty and 
education relationship, supporting a negative association 
between them. The most related study to ours is the work 
of Nguyen and Su (2022). Focusing on their analysis of 56 
developing countries, Nguyen and Su (2022) indicate that 
the relationship between public expenditure and energy pov-
erty is nonlinear, suggesting that increases in public expend-
iture would decrease energy poverty. Based on the above 
discussion, one may suppose that the link between energy 
poverty and public expenditure can be nonlinear.

Income inequality and public expenditure ‑energy 
poverty nexus

Public expenditure is represented as the central policy to 
redistribute income distribution to achieve equity. However, 
some scholars argue that the effect of government expendi-
ture is not always effective in reducing income inequality 
in developing countries (Lyubimov 2017). Nevertheless, 
income inequality is related to energy poverty (Sarkodie 
and Samuel 2020), suggesting that public fiscal expendi-
ture can influence energy poverty via the channel of income 
inequality. Increased income inequality can exacerbate the 
hardship and challenges of low-income people who are vul-
nerable to energy poverty, particularly in the context of ris-
ing energy prices due to the scarcity of available resources. 
As a result, this study contends that the effects of public 
expenditure on energy poverty can be transmitted through 
income inequality.

Institutional quality and public expenditure‑energy 
poverty nexus

The theoretical literature on public finance highlights the 
dominant role of the quality of the institutional environment 
in the effectiveness of the fiscal policy. Indeed, the efficiency 
of the distribution of public expenditure can be degraded 
due to political factors (Hemming et al. 2002). However, 
institutional frameworks are the rules of the game of human-
ity, which would impose constraints on economic agents. 
A strong institutional system such as greater government 
efficiency, higher control of corruption, and clearer regula-
tory quality can improve the efficiency of public expenditure 
and thus strengthen the effects of fiscal policies in the fight 
against energy poverty (Nguyen et al. 2018). These facts 
lend importance to the study of how the quality of political 
institutions, more specifically how improving good govern-
ance eradicated energy poverty.

Model and econometric methodology

Before appreciating the existence of the nonlinear relation-
ship between energy poverty and public expenditure, it is 

necessary to specify a linear model. First, to identify the 
determinants of energy poverty, we regress a set of vari-
ables. Following previous theoretical and empirical studies 
by Apergis et al. (2022) and Nguyen and Su (2022), we 
estimate the following equation:

where EPit represents the energy poverty of country i at time 
t; EPit−1 is the lagged energy poverty variable; GOVit is the 
government expenditure;Xit is a vector of the explanatory 
variable, and �it is the error term. However, the presence of 
a lagging dependent variable among the explanatory vari-
ables implies a correlation problem between the lagging 
endogenous variable and the error term. This endogeneity 
bias is primarily due to the problem of reverse causality. 
The presence of such problems can lead to biased results 
when applying traditional estimation methods such as ordi-
nary least-squares (OLS) estimators and fixed-effects esti-
mators. Three estimation methodologies are used. First, is 
the method of feasible generalized least squares (FGLS) and 
Driscoll–Kraay Standard Error approach to correct the auto-
correlation of the observed residuals, and, second, the gener-
alized method of moment estimators of Arellano and Bond 
(1991). Moreover, by clustering error terms by country and 
year, we can account for potential correlation within coun-
tries over time while ensuring that errors between different 
countries remain uncorrelated. This approach results in more 
precise standard errors, allowing for greater accuracy in our 
analysis (Petersen 2009; Cameron et al. 2011).

In the second step, we assume that the nonlinearity of 
the public expenditure-energy poverty relationship emerged 
since the fact that public expenditure may influence energy 
poverty indirectly through its impact on income inequality. 
In the field of environmental economics, this method has 
been applied extensively to evaluate the nonlinear influence 
of renewable energies on economic growth (Bhuiyan et al. 
2022; Chenggang et al. 2022). To do this, we apply the panel 
threshold approach proposed by Hansen (1999). Neverthe-
less, the model is defined as follows:

As mentioned earlier, the explained variable Yit is a sca-
lar, the threshold variable �it is a scalar, and the regressor 
Zit is a k-item vector. I (.) is an indicator function of tran-
sitional regimes, and �it is a random disturbance item. We 
obtain a threshold equation from Hansen (1999), which is:

Here, the panel data set is divided into two regimes 
depending on whether the real value of the threshold 

(1)EPit = �0 + �1EPit−1 + �2GOVit + �3Xit + �it

(2)Yit = 𝜇i + 𝛼1ZitI
(

𝜑it ≤ 𝛾
)

+ 𝛼2ZitI
(

𝜑it > 𝛾
)

+ 𝜀it

(3)EPit

{

𝜇i + 𝛼1Zit + 𝜀itif𝜑it ≤ 𝛾

𝜇i + 𝛼2Zit + 𝜀itif𝜑it > 𝛾
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variable �it is greater or less than the estimated threshold. 
These two regimes are distinguished by different estimated 
regression slopes, α1 and α2 . The random variable �it is 
independent and has a normal distribution with an aver-
age value equal to 0 and variance �2 . The double threshold 
model is defined in the following way:

Two regression coefficients are obtained from this 
model. First are coefficients according to the government 
expenditure regime. Otherwise, the coefficients linked 
to the exogenous variables, which make up vector Z, are 
identical in each of the government spending regimes. The 
panel threshold model is segmented into two regimes, and 
the Hansen calculations yield the sum of squared errors 
as follows:

where xit(𝛾) =
⎧

⎪

⎨

⎪

⎩

x
it
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x
it
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;e∗

it
= e

it
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In addition, the estimation of γ is achievable through the 
least squares method, and it can be determined by minimiz-
ing the concentrated sum of squared errors (5). The follow-
ing are the least squares estimators:

Specifically, the single threshold model (i.e., panel threshold 
model with a sole threshold value) can be represented as

Second, to investigate the channel of the impacts of public 
expenditure on energy poverty through income inequality, 
the study forms a system equation of energy poverty and 
income inequality. Nevertheless, the single-equation models 
are inadequate in capturing the potential interdependence and 
reciprocity among energy poverty, income inequality, and 
government spending. Therefore, a multi-equation model 
estimation would allow for evaluating the indirect impact of 
public expenditure on energy poverty via income inequality, 
as well as verifying the consistency of the results obtained 
from the single-equation approach. Therefore, to take a fur-
ther step, we conduct an estimation of a nonlinear dynamic 
simultaneous equation model, which comprises three equa-
tions and is specified in the following manner:

(4)
Yit = 𝜇i +𝜛Yit−1 + 𝛼

1
ZitI

(

𝜑it < 𝛾t
)

+ 𝛼2ZitI
(

𝜑it ≥ 𝛾t
)

+ 𝜀it

(5)
T1(�) = ê∗(�)

�

ê∗�(�) = �∗�(1 − x∗(�)
�
(

x∗(�)
�

x∗(�)
)−1

x∗(�)
�

�∗

�̂(�) =
(

x∗(�)
�

x∗(�)
)−1

x∗(�)
�

�∗ê∗(�) = Y∗ − x∗(�)�̂∗(�)

(6)
�̂ = argminT1(�)

�

(7)
EP

it
=𝜇

i
+𝜛EP

it−1 + 𝛼
1
GOV

it
I
(

𝜑
it
< 𝛾

t

)

+ 𝛼2GOVit
I
(

𝜑
it
≥ 𝛾

t

)

+
∑

𝛼
ni
X
it
+ 𝜀

it

Although the variables utilized in the system of equa-
tions are identical to those employed in the single equa-
tion approach, we adopt a distinct estimator, namely, the 
three-stage least squares (3SLS) estimator, which is more 
effective.1

Then, in the third set of regressions, we examine the 
hypothesis that the sensitivity of energy poverty to public 
expenditure depends on the level of quality of the institu-
tional environment in Sub-Saharan countries. The novelty 
of this article lies in the estimation of the combined impact 
of conditional variables (public expenditure and institutional 
factors) and energy poverty. Accordingly, we incorporate an 
interaction term between public expenditure and institutional 
factors in Eq. (1).

Modified versions of Eq. (1) that include the interaction 
terms can be written as

Thus, we can assess the role of institutional quality in the 
effects of public expenditure on energy poverty. However, 
debates persist over the measurement of energy poverty and 
institutional quality and what comprises low and high levels 
of institutional factors in Sub-Saharan countries. Addition-
ally, Instit denotes the measures used to signify the level of 
institutional environment quality, and (GOV × Inst) is the 
interaction term between energy poverty and institutional 
factors.

Data and variable

Energy poverty indicator

The selection of energy poverty proxies in this study is 
mainly based on discussions by González-Eguino (2015) 
and Nguyen and Su (2022). Economic threshold, physical 

(8)
EPit =�1EPit−1 + �2Govit + �3Gov

2

it
+ �4growthit

+ �5tradeit + �6CO2it + �7HCit + �8FDIit + �it

(9)
Ineqit = �1Ineqit−1 + �2Govit + �3Gov

2

it
+ �4growthit

+�5tradeit + �6CO2it + �7HCit + �it

(10)
Govit =�1Govit−1 + �2EPit + �3ineqit + �4growthit

+ �5tradeit + �6HCit + �7FDIit + �it

(11)
EPit =�0 + �1EPit−1 + �2GOVit + �3Ineqit

+ �4Instit + �5(GOVit × Inst)it + �6Xit + �it

1  The 3SLS estimator is favored over 2SLS techniques due to its abil-
ity to correct for both endogeneity and contemporaneous correlation 
of the error terms across equations.
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threshold, and technological threshold are known as the 
three main methods for assessing energy poverty; neverthe-
less, González-Eguino (2015) realizes that everyone has 
their limits. Based on the theoretical and empirical literature, 
energy poverty can be defined according to different proxies 
dependent on the availability of the dataset (Crentsil et al. 
2019; Hassan et al. 2022; Apergis et al. 2022) including a 
population that has access to clean fuels and technologies 
for cooking of the total population (i), percentage of urban 
population with access to electricity (ii), percentage of rural 
population with access to electricity (iii), percentage of the 
population that has access to electricity of the total popula-
tion (iv), log of electric power consumption per capita (v), 
percentage of the losses during electric power transmission 
as a percentage of total electricity output (vi), and percent-
age of renewable electricity output as a percentage of the 
total electricity output (vii).

This study recruits’ proxies of energy poverty: the 
percentage with access to clean fuels and technologies 
for cooking in the total population. It is crucial to note 
that an increase in these quantities implies a reduction in 
energy poverty. Figure 1 shows the proportion of access 
to clean fuels and technologies for cooking in the total 
population between 2010 and 2020. We see that the part 
of the world’s population without access to clean fuels 
and technologies for cooking was 35% in 2020, which 
means that almost 3 billion people or a third of the 
world’s population were without access to these means. 
Since 2010, the rate of global access to clean cooking 
has been increasing by 1% each year, with these advances 
being mainly correlated with progress in the regions of 
Central and South Asia as well as in East Asia and South-
east Asia. In contrast, access to clean cooking solutions 
in Sub-Saharan Africa has been slower than population 
growth, with the rate of access increasing slowly or not 
at all in some countries. For the first time in 2020, Sub-
Saharan Africa was the region with the most significant 
number of people without access to clean fuels and 

technologies. Nearly 900 million people, or about 82% 
of the region’s population, do not have access to non-
polluting means of cooking, which represents 35% of the 
global deficit in this area.

Control variables

To investigate the strong relationship between energy pov-
erty and public expenditure, we control for other potential 
determining factors of poverty energy in our regression. Spe-
cifically, we consider the most used variable in the empirical 
theory: real GDP per capita (growth). The Gini index is a 
proxy for income inequality (Ineq). Foreign direct investment 
net inflows (% of GDP) and trade (% of GDP) are proxy for 
FDI net inflows and trade openness (Trade), respectively. The 
general government’s final consumption expenditure (% of 
GDP) is a proxy for measuring the overall level of government 
spending on goods and services that are consumed by the 
general public. The crude oil prices proxy for energy prices 
(E_price). The CO2 emissions are quantified in metric tons 
per annum of carbon emissions per capita (CO2).

For institutional variables, we apply a set of institutional fac-
tors taken from the Freedom House and Worldwide Governance 
Indicators (WGI). In fact, five indicators were selected, which 
are (i) democratic accountability, (ii) government effectiveness, 
(iii) regulatory quality, (iv) control of corruption, and (v) rule 
of law. These five indicators are collected, and their average is 
calculated to proxy for overall institutional quality (Inst) in Sub-
Saharan African countries. The description of the other variables 
and data sources is set out in Table 12 of the Appendix.

Estimation results and discussion

Cross‑sectional dependence and unit root testing

Before studying the benchmark regression between the vari-
ables, it is crucial to check the time series properties of the 
variables. As a first step, the cross-sectional dependence 

Fig. 1   Proportion of population 
with access to clean fuels and 
technologies for cooking in the 
total population, 2010–2020 
(percentage) Sources: World 
Bank (2022)
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(CSD) statistic by Pesaran (2015) is applied to determine 
the correlation coefficients among the time series.

The results reported in Table 1 uniformly reject the null 
hypothesis of cross-section independence, providing evidence 
of cross-sectional dependence in the data at the 5% level of 
significance for all the variables, which means that a shock in 
one country may spill over onto other countries.

Table 2 presents the results proposed by Pesaran and 
Yamagata (2008) for analysis of the slope homogeneity 
performed to know the heterogeneity of panel data. In fact, 
the test rejects the null hypothesis at the 1% level of signifi-
cance, meaning that country-specific characteristics should 
be considered.

Table 3 shows the results of the commonly used unit 
root test, namely, the Levin et al. (2002). However, the 
variable can be integrated at first difference. This means 
that indicators are moving in a parallel form for all coun-
tries in the case of Sub-Saharan Africa. This reveals that 
it is significant to examine the degree of correlation 
between our variables.

To this end, the correlation matrix, presented in 
Table 11 in the Appendix, appears that the exogenous 
variables are correlated, which can conceal the problem 
of multicollinearity, which can be mitigated by estimating 
other models integrating less related data. Government 
effectiveness and regulatory quality displayed a pairwise 
association of 0.892, which is considered high. In this 
view, we consider the composite index of the institutional 
factors in our estimates.

Table 4 provides the linearity tests of the data studied. It 
appears that the first F-statistics of the Wald test is 18.96, 
which is significant at the 5% level. The second F-statistic 
of the Fisher test is similarly significant at a 1% level. The 
findings strongly imply that the linearity tests carried out 
using two approaches approve the existence of a nonlinear 
relationship between public expenditure and energy poverty.

The effect of public expenditure on energy poverty 
regression

To evaluate how government spending impacts energy 
poverty in countries in Sub-Saharan Africa (SSA), we 
employ both the FGLS estimator and the Driscoll–Kraay 
regression to ensure the accuracy of our findings. To 
account for potential endogeneity issues, we utilize 
the difference GMM estimators by Arellano and Bond 
(1991).2 Our analysis, as presented in Table 5, demon-
strates that government spending, CO2 emissions, human 
capital, FDI, and trade balance are all significant deter-
minants of energy poverty in this study. However, due 
to the dynamic nature of our model, we cannot extend 
our analysis beyond the FGLS method or other standard 
econometric estimators such as pooled OLS and fixed 
effects. This is because our model’s lagged dependent 
variable may be correlated with specific effects, which 
could lead to an endogeneity bias (Gnangnon 2019). In 
fact, before starting to analyze the results of the estima-
tion, we found that the over-identification and validity 
tests of the instruments are successful because of the 

Table 1   The cross-section dependence test

***  and ** denote 1 and 5% significant levels, respectively

Variables CSD statistics P-value

EP 7.326** 0.002
Growth 29.623** 0.001
Ineq 5.362** 0.012
Gov 7.296** 0.008
FDI 16.327** 0.003
CO2 12.269** 0.005
HC 8.329*** 0.000
Trade 5.327*** 0.000
E_price 11.196** 0.011
Inst 6.792** 0.003

Table 2   The slope 
homogeneous test

***  and ** denote 1 and 5% sig-
nificant levels, respectively

Coefficient P-value

Sigma 7.85** 0.000
Sigma adj 3.26** 0.000

Table 3   The panel unit root test

*** , **, and * denote 1, 5, and 10% significant levels, respectively

Variables No trend With trend Order of 
integra-
tionLevel 1st difference Level 1st difference

EP 2.069  − 10.623*** 1.071  − 6.134*** I (1)
Growth 0.295  − 11.853*** 1.497  − 9.313*** I (1)
Ineq 1.065  − 8.694** 2.362  − 9.775** I (1)
Gov 3.265  − 12.325** 1.118  − 9.194*** I (1)
FDI 0.158  − 17.263** 1.661  − 11.118*** I (1)
CO2 2.032  − 10.695*** 0.189  − 9.568*** I (1)
HC 0.185  − 8.265** 0.996  − 8.178*** I (1)
Trade 1.785  − 8.785** 1.447  − 8.018*** I (1)
E_price 1.485  − 11.028** 1.144  − 10.168*** I (1)
Inst 1.961  − 6.361*** 1.196  − 7.169*** I (1)

2  We test the validity of our instruments using both the Hansen test 
and the Arellano-Bond test for second-order autocorrelation. The 
Hansen test check the null hypothesis that the instruments are uncor-
related with the error term.
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importance of AR (2) and the Hansen test. The results 
presented in Table 5 suggest that the control variables 
always keep the same expected sign in the three esti-
mated specifications. This indicates the robustness of 
our model.

Furthermore, as indicated in Table 5, empirical results 
display that the foreign direct investment coefficient at the 
5% level is positive and statistically significant. This find-
ing is also supported by Ullah et al. (2021), who found that 
FDI inflows can encourage the establishment of large-scale 
renewable energy projects that have lower operating costs 
and higher shares of clean energy.

Turning to the trade coefficient, which serves as a meas-
ure of the trade opening index, its effect on energy poverty 
is positive and statically significant. Besides, the decision to 

include this variable in our regression can only be explained 
on the assumption that apart from globalization, interna-
tional trade is also important for improving access to mod-
ern energy resources. For example, intra-regional trade has 
been known as a primary means of importing cleaner energy 
resources in the literature (Al-Tal et al. 2021).The empiri-
cal findings, which are somewhat coherent with previous 
empirical literature, show that the energy price amplified 
the energy poverty of the SSA region. At the 5% level, the 
E_price coefficient is negative and statistically significant. 
Consistent with Nguyen and Su (2021), this is especially the 
case in developing countries.

According to the result in Table 5, a negative and statisti-
cally significant association exists between CO2 emissions 
and energy poverty in the Sub-Saharan region. Specifi-
cally, given the distribution of CO2 and energy poverty, the 
cleanest energy-poor countries have higher CO2 emissions. 
Really, this can be explained by the fact that the poorest 
clean energy countries generally tend to burn very polluting 
and cheap biofuels, which can lead to the progressive rise 
in CO2 emissions. For human capital, the zero effect may 
indicate that human capital does not involve enough explana-
tions related to energy poverty.

Table 4   The linearity test results

***  and ** denote significance at the 1 and 5% levels, respectively

Test Coefficient P-value

Wald test 18.96** 0.002
Fisher test 36.18** 0.000

Table 5   Estimated result of 
public expenditure on energy 
poverty: linear regression

Standard errors (clustered by country) are within parentheses. We use the two-step GMM estimator with 
Windmeijer’s (2005) finite sample correction for standard errors in our GMM regressions. To ensure 
robustness, we employ clustered standard errors by country. In order to prevent the overfitting of endog-
enous variables, we follow Roodman’s (2009) suggestion to reduce the instrument set. Our instruments 
were found to be valid as indicated by the Hansen and AR (2) tests, which we could not reject. ***, **, and 
* denote significance at the 1, 5, and 10% levels, respectively

Variables FGLS regression Driscoll–Kraay’s 
regression

GMM regression

EPt−1 0.321***
(0.051)

0.118**
(0.123)

GOV  − 0.361
(0.123)

 − 0.589
(0.081)

 − 0.189
(0.052)

FDI 0.426**
(0.141)

0.385
(0.115)

0.298**
(0.437)

CO2  − 0.526**
(0.071)

 − 0.421**
(0.413)

 − 0.362***
(0.549)

Trade 0.325
(0.401)

0.217**
(2.639)

0.238**
(0.074)

E_price  − 0.322**
(1.521)

0.389**
(0.419)

 − 0.348**
(0.172)

HC  − 0.395**
(0.106)

 − 1.236**
(0.001)

 − 0.425**
(0.058)

Constant 1.395**
(1.265)

-0.989
(1.637)

R-squared 0.789 0.925 0.889
F-statistic (P-value) 0.000 0.000 0.000
AR (2) test 0.315
Hansen test 0.839
Number of instruments 17
Number of countries 20 20 20
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Under the result found by Oriavwote and Ukawe (2018), 
the coefficient of public expenditure has the effect of widen-
ing energy poverty. However, the coefficient of the public 
expenditure variable has an unexpected sign. Consequently, 
this relationship is explained by the fact that poverty reduc-
tion is favorable only under certain conditions. Therefore, we 
will use Eq. (2) to test the nonlinear relationship between the 
measurement of energy poverty and public expenditure. The 
main results regarding the impact of government spending 
thresholds on energy poverty are presented in Table 6. We 
observe that all the control variables demonstrate signifi-
cance and directionality that aligns with existing literature 
on energy poverty determinants. Furthermore, the coeffi-
cients for these variables appear to be quite robust for both 
regimes in terms of their significance and magnitude.

Our research hypothesis, which is based on the existence 
of the relationship between public expenditure and energy 
poverty in Sub-Saharan countries, is therefore confirmed. 
First, our results suggest that when the level of government 
spending as a share of GDP is lower than the estimated 
threshold of 19.26%, the effect on energy poverty is nega-
tive and statistically significant. In these countries, public 
spending on health, education, and social protection may 
have a limited impact on energy poverty due to the lack of 
a strong economic base to support it. In addition, high lev-
els of poverty in rural areas can limit the impact of energy 
efficiency and renewable energy development programs, as 

households often lack the financial resources to invest in 
cleaner technologies. Beyond this threshold level, there is a 
significant positive relation between energy poverty and gov-
ernment expenditure. However, there are examples of coun-
tries in Sub-Saharan Africa that have successfully reduced 
energy poverty through a combination of public poles, such 
as subsidies for clean energy and the implementation of rural 
electrification programs. Investments in energy infrastruc-
ture and regulations to encourage private investment can also 
play an important role in reducing energy poverty in these 
countries.

A possible explanation for these empirical results is that 
increasing public expenditure from low levels can reduce 
energy poverty, i.e., the cumulative effect of public expendi-
ture on energy poverty stops at a point, and beyond that 
point, any further rise in public expenditure will increase 
energy poverty. Indeed, public expenditure is presented 
as a principal policy to reallocate income distribution to 
achieve equity (Crudu 2015). Nevertheless, the theoretical 
literature agrees that government expenditure is not always 
powerful in reducing income inequality in developing coun-
tries (Ivan 2017). In fact, increasing inequality may lead to 
greater hardship and challenges for low-income people at 
risk of energy poverty, especially in the context of rushing 
energy prices due to scarce and limited resources. At this 
level, examining the transmission channels between energy 
poverty and public expenditures with a particular focus on 
income inequality is important to understand how public 
policies can be used to reduce energy poverty and promote 
energy access for all, especially for the most vulnerable 
households in Sub-Saharan African countries.

Public expenditure and energy poverty: income 
inequality channel

Based on the results reported above, it is essential to recall 
that we find strong evidence of a non-linear relationship 
between fuel poverty and public expenditure. This allows us 
to hypothesize that income inequality could be considered a 
transmission channel through which public spending affects 
access to electricity.

Therefore, in this subsection, we will attempt to test this 
hypothesis by using the 3sls method to estimate a nonlinear 
panel dynamic model of simultaneous equations. This serves 
both to check the robustness of our main results when the 
equations are evaluated as a system and not separately and 
to find an explanation for the nonlinear relationship between 
energy poverty and government spending. The results pre-
sented in Table 7 indicate that income inequality positively 
affects energy poverty (column 1). This may suggest that the 
poorest populations often have limited financial means to 
purchase clean cooking fuels and technologies, forcing them 
to continue using traditional and inefficient fuels. Therefore, 

Table 6   Public expenditure threshold effect (dependent variable: 
energy poverty)

We estimated a model with one threshold; the regression takes a 
model with one threshold, ***, **, and * denote significance at the 1, 
5, and 10% levels, respectively. We employ the XTHREG Stata mod-
ule developed by Hansen (1999)

Explanatory variable Threshold model
Regime 1
Gov ≤ 17.65

Regime 2
Gov > 17.65

EPt−1 0.319***
(0.859)

0.409**
(0.453)

FDI 0.106
(2.257)

0.203*
(0.073)

CO2  − 0.412**
(0.088)

 − -0.554***
(0.056)

Trade 0.521**
(0.018)

0.283**
(0.038)

E_price  − 0.594**
(0.288)

 − 0.662**
(0.067)

HC  − 0.428**
(0.041)

 − 0.296*
(0.421)

R-squared 0.842 0.908
Prob > F 0.000 0.000
Number of obs 280 280
Number of countries 20 20
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income inequality helps perpetuate a cycle of energy poverty 
where the poorest people are trapped in a situation where 
they have limited access to clean energy.

In addition, it should be noted that two-way relationships 
are detected between energy poverty and public expendi-
ture and energy poverty and income inequality. The results 
reported in column (3) of Table 7 (Eq. 10) show a strong 
positive association between energy poverty and public 
expenditure. Similarly, income inequality appears to exert 
a positive effect on public spending. This suggests that in 
societies with high-income inequality, wealthier individu-
als tend to have more political and economic power, which 
may lead them to pressure governments to invest more in 
infrastructure and services that directly benefit wealthier 
individuals. There are often institutional barriers that prevent 

poorer populations from accessing clean fuels and technolo-
gies for cooking. For example, tax policies may favor the 
use of traditional fuels, while subsidy policies may ben-
efit wealthier households that can afford more expensive 
technologies. These institutional barriers can contribute 
to a further widening of the gap between rich and poor 
in access to clean energy sources. The results found that 
income inequality is an important factor in the transmission 
of energy poverty, as low-income households often have less 
access to modern energy sources and are more vulnerable 
to energy price increases. Public spending can therefore 
play an important role in reducing income inequality and 
improving access to modern energy sources for low-income 
households. However, the results of these studies may also 
show that public spending is not always effective in reducing 

Table 7   Estimated result of 
energy poverty and public 
expenditure: channel of income 
Inequality

Standard errors (clustered by country) are within parentheses. The results of the Durbin–Wu–Hausman test 
suggest that the dependent variables in the system are endogenous. However, the Sargan test indicates that 
we can accept the validity of our instruments. To ensure the identification status of the system, we utilize 
the CHECKREG3 Stata module advanced by Baum (2007), and the outcomes demonstrate that the system 
is identified

Variables (1) (2) (3)
Energy poverty Income inequality Public expenditure

EPt−1 0.315**
(0.091)

Gov 0.485***
(0.195)

 − 0.562**
(3.265)

Gov2  − 2.632**
(0.218)

0.626**
(0.285)

Ineq 0.458**
(1.269)

0.652***
(1.296)

Growth 0.482**
(0.019)

0.695**
(0.102)

0.235**
(2.956)

E_price  − 1.267**
(0.623)

CO2  − 0.395**
(0.125)

 − 0.428**
(0.623)

Trade 0.252**
(3.267)

0.597**
(0.071)

0.252
(1.782)

Ineqt−1 4.265***
(0.219)

HC  − 0.396**
(0.082)

 − 0.481**
(0.091)

 − 2.263**
(0.078)

Govt−1 0.626**
(0.149)

FDI 0.596**
(0.326)

2.654**
(1.859)

EP 0.452**
(1.266)

Constant 1.264
(0.378)

-0.956
(0.118)

2.625
(0.075)

Durbin–Wu–Hausman test 
(p-value)

0.001 0.000 0.002

Sargan test (P-value) 0.614 0.527 0.245
Number of countries 20 20 20
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income inequality and energy poverty due to weak institu-
tions and corruption that can limit the effectiveness of public 
programs.

Public expenditure and energy poverty: the role 
of institutional factors

The institutional and legal system can also play a pivotal 
role in eradicating energy poverty. To investigate the third 
hypothesis, we will estimate Eq. (11), which studies the 
relationship between public expenditure and access to clean 
fuels and technologies for cooking in interactions with insti-
tutional measures.

The results presented in Table 8 show a significant posi-
tive effect on the quality of institutional factors, which con-
firms that a strong institutional factor could amplify the 
positive effects of public expenditure on energy poverty. 

Moreover, it suggests that good institutional factors can 
act as a catalyst for the impacts of public expenditure on 
energy poverty (Nguyen and Su 2022). These conclusions 
represent a new challenge for Sub-Saharan countries. In 
fact, a strong institutional quality environment neutralizes 
the negative effect of public expenditure. This implies that 
to expand access to clean cooking fuels and technologies, 
Sub-Saharan economies must continue to improve the qual-
ity of their legal and institutional environment, including 
protecting property rights and respecting contracts.

More specifically, governments of Sub-Saharan countries 
should devote more attention to rebuilding public institutions. 
Clearly, good public expenditure management remains a valu-
able tool for eradicating energy poverty. However, to reap more 
of the constructive role of the institutional system, Sub-Saharan 
economies must undertake real reforms mainly in terms of con-
trolling corruption and strengthening the rule of law.

Robustness tests

To empirically check the robust relationship between energy 
poverty and public expenditure, we first re-estimate Eq. (1) by 
employing the alternative indicators of energy poverty,,replacing 
the proxy access to clean fuels and technologies for cooking in 
the total population (EP) with the percentage of access to elec-
tricity (EP_1), the percentage of rural population with access to 
electricity (EP_2), and the percentage of urban population with 
access to electricity (EP_3) for econometric estimation based on 
the difference GMM techniques. The corresponding estimation 
is displayed in Table 9.The time trend of an alternative variable 
of energy poverty is shown in Fig. 2. However, regional ine-
qualities are great, revealing a real divide between North Africa 
and South Africa on the one hand and Sub-Saharan Africa on 
the other. The limited impacts of electrification on economic 
development have been reflected in both rural and urban areas. 
For more than 2 decades, rural regions have been less affected by 
the electrification of the total population. As already illustrated 
in Fig. 2, 28% of the rural population of SSA has access to elec-
tricity compared to 78% of the urban population.

According to the results in Table 9, the coefficient of public 
expenditure in the first and third columns is significantly posi-
tive, while regarding EP_2, the coefficient of public expenditure 
is negative, which justifies our result found previously. Indeed, 
access to electricity is considered a primary socioeconomic 
objective. Above all, the inability of national electricity compa-
nies to absorb new rural customers without worsening their own 
financial situation limits the implementation of political will and 
the operationalization of financing for electrification in the rural 
zone. In fact, electrification would be equally targeted at urban 
and rural regions. Many rural areas have considerable untapped 
economic potential, off-season crops and value-added agri-food 
processing, that could be unlocked through the provision of elec-
tricity. This is particularly relevant given that in many African 

Table 8   Estimated result of public expenditure on energy poverty: 
institutional factors

Standard errors (clustered by country) are within parentheses. We use 
the two-step GMM estimator with Windmeijer’s (2005) finite sample 
correction for standard errors in our GMM regressions. To ensure 
robustness, we employ clustered standard errors by country. To pre-
vent the overfitting of endogenous variables, we follow Roodman’s 
(2009) suggestion to reduce the instrument set. Our instruments were 
found to be valid as indicated by the Hansen and AR (2) tests, which 
we could not reject. ***, **, and * denote significance at the 1, 5, and 
10% levels, respectively

Variables Pooled OLS Fixed effect GMM regression

EPt−1 0.458*
(0.089)

Gov 0.312**
(0.091)

0.519**
(0.023)

0.433**
(0.215)

FDI 0.226**
(2.047)

0.452**
(0.042)

0.318
(0.105)

CO2  − 0.562**
(1.082)

 − 0.729**
(0.071)

 − 0.321**
(0.071)

E_price  − 0.782*
(0.741)

 − 0.595**
(0.822)

 − 0.694***
(0.005)

Trade 0.425*
(0.158)

0.362**
(0.201)

0.252**
(0.196)

HC  − 2.652*
(0.082)

 − 0.452**
(0.109)

 − 0.262
(0.263)

Inst 0.359***
(0.420)

0.597**
(0.041)

0.415**
(0.001)

Gov ×Inst 0.415**
(0.632)

0.965**
(2.632)

0.625**
(0.078)

Constant  − 2.695
(0.085)

 − 3.694
(1.362)

R-squared 0.852 0.654 0.758
AR (2) test 0.321
Hansen test 0.621
Number of instruments 19
Number of countries 20 20 20



65522	 Environmental Science and Pollution Research (2023) 30:65512–65526

1 3

countries, most of the population resides in a rural region and 
the agricultural sector employs the bulk of the workforce. This 
situation can be explained in part by (i) the lack of physical 
infrastructure in electricity production, which is developed by 
the slowness on a continental scale of the electrification process 
given the volume of investments required, (ii) a deficiency in 
the quality of the institutional environment which translates into 
action plans that are too often insufficient to stimulate a dynamic 

supply, and (iii) the low income of rural households, which is 
at the root of the endemic weakness of demand, which forces 
any rural electrification policy to be integrated into a poverty 
reduction strategy.

Dumitrescu–Hurlin causality tests

Following approval of the effects of the control and inde-
pendent variables on energy poverty, this research also rec-
ognizes the causalities that might exist between the vari-
ables, which likewise require robust evidence supporting 
the relation between public expenditure and energy pov-
erty. Indeed, this test proves to be robust to cross-sectional 
dependence, which checks in the fifth Section. Consequently, 
we use the panel causality test suggested by Dumitrescu and 
Hurlin (2012) to investigate the underlying link between the 
variables. The basic regression is

with i = 1,….; N and t = 1,…,T.
The results of the causality test are described in Table 10. 

In addition, the causal relationship diagram between the vari-
ables is shown in Fig. 3 established on the findings in Table 10. 
The outcome of the causality test supports the existence of a 
unidirectional causal link of government expenditure to income 
inequality at 1% level of significance in Sub Saharan countries. 
The presence of a causality relation between these two indica-
tors explains the previous findings of an association of comple-
mentarity between them. In fact, The Dumitrescu–Hurlin panel 
causality result shows the absence of a causality link between 
energy poverty and public expenditure.

Notably, this involves the results previously found in the ear-
lier section, which postulates that the correlation between energy 
poverty and public expenditure is conditioned by other factors. 
The results also emphasized the complementarity between insti-
tutional quality and government expenditure that stimulates the 

(12)yit = �i +

K
∑

k=1

�ikyit−k +

K
∑

k=1

�ikxit−k + �it

Table 9   Alternative indicators of energy poverty regression

Standard errors (clustered by country) are within parentheses. We use 
the two-step GMM estimator with Windmeijer’s (2005) finite sample 
correction for standard errors in our GMM regressions. To ensure 
robustness, we employ clustered standard errors by country. To pre-
vent the overfitting of endogenous variables, we follow Roodman’s 
(2009) suggestion to reduce the instrument set. Our instruments were 
found to be valid as indicated by the Hansen and AR (2) tests, which 
we could not reject. ***, **, and * denote significance at the 1, 5, and 
10% levels, respectively

Variables EP_1 EP_2 EP_3

EPt−1 0.326**
(0.001)

0.251**
(0.022)

0.249**
(0.072)

Gov 0.516**
(0.419)

 − 0.119**
(0.085)

0.789**
(0.043)

FDI  − 0.468**
(0.697)

 − 0.296**
(0.091)

 − 0.365**
(0.961)

CO2  − 0.395**
(2.634)

 − 0.316***
(2.010)

 − 0.624**
(0.041)

Trade 0.425
(1.630)

0.315**
(1.075)

0.288*
(0.089)

HC  − 0.425
(1.625)

 − 0.267*
(0.956)

 − 0.485**
(3.278)

E_price  − 0.332*
(1.672)

 − 0.218*
(1.083)

 − 0.296***
(2.631)

R-squared 0.759 0.844 0.629
AR (2) test 0.312 0.225 0.246
Hansen test 0.759 0.551 0.612
Number of instruments 10 14 19
Number of countries 20 20 20

Fig. 2   Different indicators of 
energy poverty (% of the popu-
lation) in Sub-Saharan African 
countries.  Source: World Bank 
(2022)
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reduction of energy poverty. Specifically, our finding supports 
the view that public expenditure eradicates energy poverty in 
countries with a developed institutional system.

Conclusion

This paper aims to examine the effects of public expenditure on 
energy poverty in Sub-Saharan African countries over the period 
2006–2020. Empirically, the study proceeded in essentially three 
steps. First, we estimate the effects of public expenditure on 
energy poverty. To this end, we estimated a panel data threshold 
model invented by Hansen (1999). Second, we try to explain the 
effect of public expenditure transmission channels on energy 
poverty. Third, we explore the effect of public expenditure on 
energy poverty considering the role of institutional factors. In 
this respect, the empirical results confirm the existence of a 
nonlinear association between public expenditure and energy 
poverty, with a threshold of around 17.65% of GDP. It is note-
worthy that above the threshold of nearly 18% of GDP, public 
expenditure crowds out energy poverty.

More specifically, the results have major significance for 
policymakers who pursue eradicating energy poverty. In the first 
place, policymakers should be cautious in setting fiscal policy. 
Specifically, public expenditure should not be developed without 
a specified threshold since excessive public expenditure would 
increase energy poverty. Extensive empirical literature points 
out that public expenditure has a nonlinear effect on economic 
development, mainly in developing countries (Asimakopoulos 
and Karavias 2016; Divino et al. 2020). The outcomes found in 
this study endorse that the nonlinear impact causes a worsening 
of social problems, particularly energy poverty. In other words, 
governments should consider an optimal public expenditure 
solution in their medium-term and long-term strategies. This 
planning will boost economic development as far as its impor-
tance to overcome social and environmental problems. This 
consideration is also more significant with the current health 
crisis challenges (COVID-19) since people without access to 
electricity or clean fuels are more vulnerable to the effects of the 
pandemic (Zaman et al. 2021). Moreover, the study shows that 
public expenditure has the effect of increasing inequality, which 
is then transmitted to energy poverty. In other words, govern-
ment policy implementations through public expenditure must 
take into consideration the externality of public expenditure on 
income inequality as one of the requirements to combat energy 
poverty, as access to electricity and income inequality are prob-
able to be inseparably linked. In general, findings suggest that 
policymakers in Sub-Saharan African countries can do better to 
fight energy poverty through policy-based actions. They must 
apply more regulations on public expenditure and institutional 
factors to direct them toward sustainable development. This 
result highlights the need for more attention to public expendi-
ture composition and energy poverty in future research stud-
ies. More recently, the empirical literature has emphasized the 
negative impact of economic uncertainty on various economic 
factors such as investment, economic growth, unemployment, 
and monetary and fiscal policy orientations (Xiahui and Minx-
ing 2021; Siksnelyte-Butkiene 2022). As a potential future per-
spective, this work should focus on the role of global economic 
uncertainty in the dynamics of energy poverty and the influence 
of public expenditure.

Table 10   Pairwise Dumitrescu–Hurlin panel causality tests

*** , **, and * denote significance at the 1, 5, and 10% levels, respec-
tively

Z-bar statistic P-value

EP ±  > Gov 2.625 1.542
Gov ±  > EP 1.267 0.789
EP ±  > Ineq 1.820 2.269
Ineq ±  > EP 3.658** 0.002
EP ±  > Inst 1.526 0.489
Inst ±  > EP 3.964** 0.002
Gov ±  > Ineq 2.169*** 0.000
Ineq ±  > Inst 1.695 0.711
Gov ±  > Inst 0.278** 0.004
Inst ±  > Gov 1.297** 0.001
Ineq ±  > Gov 3.782 0.185
Inst ±  > Ineq 1.295*** 0.000

Fig. 3   Results of causality 
movements in Sub-Saharan 
Africa
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Appendix

List of countries: Benin, Burkina Faso, Burundi, Cen-
tral African Republic, Comoros, Eritrea, Ethiopia, Gam-
bia, Ghana, Guinea, Kenya, Madagascar, Malawi, Mali, 
Mozambique, Rwanda, Senegal, Togo, Uganda, Zambia.

Tables 11 and 12

Table 11   Correlation matrix EP Growth Ineq Gov FDI CO2 HC Trade E_price Inst

EP 1.000
Growth 0.568 1.000
Ineq 0.892 0.845 1.000
Gov 0.956 0.991 0.778 1.000
FDI 0.148 0.348 0.185 0.482 1.000
CO2 0.956 0.185 0.248 0.155 0.248 1.000
HC 0.285 0.490 0.426 0.278 0.418 0.186 1.000
Trade 0.489 0.332 0.189 0.365 0.196 0.477 0.452 1.000
E_price 0.781 0.492 0.278 0.179 0.119 0.896 0.196 0.485 1.000
Inst 0.596 0.145 0.166 0.442 0.248 0.489 0.044 0.499 0.444 1.000

Democ Corrup Rule Reg Goveff
Democ 1.000
Corrup 0.485 1.000
Rule 0.695 0.796 1.000
Reg 0.775 0.557 0.638 1.000
Goveff 0.890 0.487 0.452 0.892 1.000

Table 12   Variables, definitions, sources, and data descriptions

Variables Description Measurement Min Max Source

EP Energy poverty Access to clean fuels and technologies for cooking 0.215 21.26 WDIs
EP_1 Energy poverty Access to electricity (% of the population) 2.1 91.6 WDIs
EP_2 Energy poverty Rural population with access to electricity 0.9 62.7 WDIs
EP_3 Energy poverty Urban population with access to electricity 8 90.1 WDIs
Ineq Income inequality Log of Gini index 2.125 3.248 SWIID
Growth Economic level Log of Real GDP per capita 1.298 4.326 WDIs
Gov Public expenditure General government final consumption expenditure (% of GDP) 5.96 35.23 WDIs
FDI FDI net inflows Foreign direct investment, net inflows (% of GDP) 4.388 32.89 WDIs
CO2 CO2 emissions Per capita metric tons (annual) 0.000 2.3 WDIs
HC Human capita Log of human capital index 0.028 1.395 PWTs
Trade Trade openness Trade openness (% of GDP) 16.32 42.69 WDIs
E_price Energy price Log of Crude Oil Prices (West Texas Intermediate (WTI) 3.215 4.251 WTRG Economics
Inst Overall institutional quality Average of five institutional indicators  − 0.215 1.269 Author’s calculation
Democ Democratic accountability Average of political rights and civil liberties indices 0.000 6.000 ICRG​
Corrup Control of corruption Estimate value of Control of Corruption indicator  − 2.120 1.000 WGI
Reg Regulatory quality Estimate value of Regulatory Quality indicator  − 1.680 0.520 WGI
Goveff Government effectiveness Estimate value of Government effectiveness indicator  − 1.420 0.290 WGI
Rule Rule of law Estimate value of Rule of Law indicator  − 0.950 0.580 WGI
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