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Abstract

This study examines the relationship between economic policy uncertainty (EPU) and energy
vulnerability. The study further investigates the role of governance indicators in the relationship
between EPU and energy vulnerability. To address concerns of endogeneity, cross-sectional
dependence, and non-linearity, the study applies the Lewbel Two-Stage Least Squares, Driscoll-
Kraay Standard error, and a machine-learning based Kernel Regularized Least Squares
technique on a sample of 26 African countries from 2000 to 2019. We find evidence that EPU
deepens energy vulnerability. Assessing the role of governance quality (government
effectiveness, rule of law, voice and accountability, control for corruption, regulatory quality
and political stability), we estimate that although governance indicators do not completely
offset the detrimental effect of EPU on energy vulnerability, they reduce the magnitude of the
effect. We also demonstrate that increase in EPU is associated with an increase in energy
vulnerability at medium (50™) to high (75" levels of energy vulnerability. The findings
emphasize that improving governance quality is essential for building energy resilience in

Africa, particularly under conditions of heightened global economic uncertainty.
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1 Introduction

There has been mounting pressure on governments around the world to build robust energy
systems amid recent economic and geopolitical turbulence. The concept of energy vulnerability
captures the susceptibility of energy systems to disruptions and shocks. For instance, Gatto and
Busato (2020) define energy vulnerability as “the degree to which an energy system (or entity)
is more likely to get exposed to adverse events or change, and risks to fall into traps in
economic, social, environmental and governance terms”. Operationally, energy vulnerability
entails multiple interlinked dimensions including energy access, efficiency, consumption
patterns, import dependence and clean energy share — that collectively shape a country’s
exposure and resilience to energy-related shocks (Nguea & Cao, 2025, Gatto & Busato, 2020).
Recent empirical literature suggests that energy vulnerability has deleterious effects on
environmental sustainability (Liu et al., 2023; Liu & Nguea, 2025) human development
outcomes (Djoudji & Nguea, 2025) and food security (Cao & Nguea, 2025). However, little is
known about the key determinants of energy vulnerability and potential ways to curb it,
especially in the world’s most energy vulnerable regions. In view of this, we examine the effect
of economic policy uncertainty on energy vulnerability and assesses whether governance
indicators can mitigate the impact of economic policy uncertainty on energy vulnerability in
Africa.

In Africa, energy vulnerability is acute as energy systems in most countries across the
continent are characterized by outdated infrastructure, limited diversification, poor energy
access and heavy reliance on imported fossil fuels. These weaknesses amplify the impact of
external shocks, intensify poverty, constraints industrialization and undermine productivity.
With a significant population still lacking access to modern energy, reducing energy
vulnerability by addressing structural weaknesses is therefore both a resilience imperative and
opportunity to unlock economic potential and create pathways for inclusive and sustainable
development (Fotio et al., 2024).

Economic policy uncertainty (EPU) which arises from unpredictable fiscal, trade, and
regulatory policies can worsen energy vulnerability by undermining long-term investment and
transition to more resilient and sustainable energy systems. Studies show that economic
uncertainty exacerbates energy vulnerability through multiple channels. First, economic
uncertainty delays large scale infrastructure and renewable energy investments by introducing
uncertainties in the energy sector, for instance, in terms of future regulations or incentives and
returns (IEA, 2022; Khan & Su, 2022; Ogede et al., 2023). Second, it incentivizes short-termism

in energy choices that reinforce fossil fuel dependence, import exposure and carbon lock-in
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(Adjei-Mantey & Adams, 2023). Third, EPU heightens energy price volatility that worsens
affordability and deepens energy poverty (World Bank, 2023). Finally, persistent economic
uncertainty reduces fiscal space and erodes investment confidence, weakening both public
private and financing for energy systems (Adjei-Mantey & Adams, 2023). Altogether, high and
persistent economic uncertainty sustains or even worsens the fragility of energy supply.

Recent global crises have underscored the perils of uncertainty for energy systems.
Major events such as Brexit, the US-China trade war, the COVID-19 pandemic, and the Russia—
Ukraine conflict triggered abrupt shifts in global energy demand, altered consumption patterns
drove sharp fluctuations in energy prices (IEA, 2022; World Bank, 2023). In an increasingly
interconnected global economy, these shocks quickly transmit across borders, exposing fragile
energy systems, most in developing regions including Africa, to swings in supply price and
investment flows.

Beyond direct effect EPU on energy systems, it has indirect impact interacting through
institutions and governance indicators to shape energy vulnerability (Ekeocha et al., 2023;
Nguea & Cao, 2025; Gatto & Busato, 2020). To begin with, good governance marked by
government effectiveness, transparent regulations, accountability and low corruption are
enablers of energy system investment and diversification which are crucial pillars of energy
resilience. Dube and Horvey (2023) for instance, documents that improving institutions or
governance indicators correlate with increase in investor confidence to invest in energy-related
projects. In contrast, weak governance or poor institutional frameworks are widely recognized
as a major driver of adverse energy system outcomes in Africa, eroding policy credibility,
undermining investor confidence and limiting adaptive capacity (Yin & Liu, 2025). Africa’s
energy systems are, thus, doubly jeopardized when economic policy uncertainty coincides with
governance deficits, yielding unpredictable policies and weak institutional oversight which
combine to heighten energy vulnerability.

Despite these insights, the nexus of economic policy uncertainty, governance, and
energy vulnerability in Africa remains underexplored. Existing studies typically explore these
dimensions in isolation focusing on the effects on economic policy uncertainty on energy
security and policy (Dagar et al., 2024; Mengfeng et al., 2024) or institutions and energy
vulnerability (Dube & Horvey, 2023), with few linking economic policy uncertainty and
governance to energy vulnerability in developing countries (Hnainia & Mensi, 2025). Indeed,
while the concepts of economic policy uncertainty and energy vulnerability are receiving
significant attention in literature, the role of governance in the relationship between them has

been largely overlooked. Likewise, while recent advances in measuring energy vulnerability
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(e.g. Fotio et al., 2024) highlight socioeconomic drivers of vulnerability, the role of institutions
and policy stability are unexamined. However, in the context of Africa’s growing energy
demands alongside increasing exposure to global shocks, a good understanding of how EPU
and governance quality jointly influence energy resilience/vulnerability is timely and policy
relevant.

This study addresses this gap by investigating the direct and joint effects of economic
policy uncertainty and governance on energy vulnerability in Africa. In doing so, we extend the
recent literature on determinants of energy vulnerability and provide evidence-based insights
for policy makers aiming to reduce energy vulnerability in Africa under conditions of
heightened uncertainty and weak institutional capacity. We address the following important

questions:

1. How does economic policy uncertainty (EPU) affect energy vulnerability in Africa?

2. To what extent does governance quality condition the relationship between economic policy
uncertainty and energy vulnerability in Africa?

3. How does the impact of EPU differ in relation to different levels of energy vulnerability

(EV)?

This study aims to examine how economic uncertainty relates to energy vulnerability in 26
African countries over the period 2000 to 2019, guided by the research questions above. To this
end, we use the newly constructed energy vulnerability (EV) index proposed by Liu et al.
(2023), together with a composite economic uncertainty index that captures both economic and
political developments. Recognising the importance of governance in promoting energy
security and economic stability, we further assessed whether six governance indicators (rule of
law, regulatory quality, voice and accountability, control of corruption, government
effectiveness, and political stability), interacted with economic uncertainty, can influence this
relationship. The indicators were obtained from the Worldwide Governance Indicators (WGI),
which define governance as the traditions and institutions through which authority in a country
is exercised (Kaufmann et al., 2010). For the purpose of our analysis, we refer to these variables
broadly as governance indicators rather than institutional quality. Empirically, we address
endogeneity, cross-sectional dependence, and distributional heterogeneity by applying the
Lewbel two-stage least squares estimator, Driscoll-Kraay standard errors, and Kernel-based
Regularized Least-Squares (KRLS), respectively. The results quantify the direction and

magnitude of these effects and provide evidence-based guidance for policymakers.
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A summary of our results suggests that economic policy uncertainty significantly
increases energy vulnerability. However, improvement in governance and institutional
indicators play a crucial role in minimizing the unfavorable impact of economic uncertainty on
energy vulnerability. Finally, distributional heterogeneous effects estimated using the machine
learning—based Kernel Regularized Least Squares approach indicate that economic policy
uncertainty exacerbates energy vulnerability in countries with medium to high levels of energy
vulnerability, while only government effectiveness and adherence to the rule of law emerge as
crucial institutional factors that appear to mitigate energy vulnerability.

The rest of the study is organized as follows. Section 2 reviews the literature linking
economic policy uncertainty, governance, and energy vulnerability. Section 3 presents the data
and describes the econometric procedure for the analysis. Section 4 presents and discusses the
empirical findings. Section 5 concludes, provides policy insights and direction for future

research.

2 Literature review

2.1 Theoretical Literature

Theoretically, the relationship between EPU and energy vulnerability (EV) is best conveyed by
the real options theory. According to real options theory, when future conditions are uncertain,
firms gain value by delaying irreversible investments (Bernanke, 1983; Dixit & Pindyck, 1994).
Broadly construed, the real options theory suggests economic actors will hold back on
investments when there is uncertainty to avoid potential losses (Kellogg, 2014). Applied to
energy systems where projects are capital intensive and payoffs are long dated, this implies that
heightened EPU increases EV by stalling investments that are crucial to energy system
development and resilience such as generation expansion, grid upgrades, diversification, and
maintenance. Unclear signals about future renewable energy subsidies or regulations, for
instance, could trigger a “wait-and-see” approach to investment in renewables.

It is worth noting that due to the complex nature of energy vulnerability as
operationalized by Liu et al. (2023), uncertainty-induced investment delay propagates through
the five sub-dimensions that constitute EV index. First, delayed generation and grid investment
postpones new electricity connections and lengthens the time needed to obtain a permanent
power connection, worsening the energy access sub-index (Dixit & Pindyck, 1994). Second,
deferred upgrades to plant and distribution infrastructure preserve older, less efficient capital
stock, keeping energy intensity high and depressing the efficiency sub-index. Third, because

renewable and nuclear capacity additions are among the most capital-intensive, longest-payoff
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investments in the energy portfolio, they are disproportionately exposed to a ‘wait-and-see’
logic, and hence, increased EPU is expected to reduce the clean-energy component. Fourth,
stalled expansion of domestic generation, combined with continuing demand, is met in the near
term through continued reliance on imported fuels and existing consumption patterns, raising
both the import-dependence and total-consumption components of energy vulnerability. Fifth,
postponed diversification investments keep the energy mix concentrated, lowering the
Shannon—Wiener diversity component of the energy security sub-index. These mechanisms can
collectively influence multiple dimensions of the composite energy vulnerability index,
including energy access, renewable deployment, energy efficiency, and energy security.

Also, the nexus between governance and EV is grounded in institutional theory and
frameworks of public governance. North (1990) defined institutions as “the rules of the game
in a society, or more formally, the humanly devised constraints that shape human interaction”.
These entails both formal rules and informal norms that together shape “incentives in human
exchange, whether political, social or economic”. According to North (1990), the value of high-
quality institutions lies in reducing uncertainty and transaction costs and thus enabling
investment and long-term planning. In the energy sector, institutional quality directly affects
energy system resilience. Effective institutions marked by independent energy regulators, well-
enforced contracts, and transparent rule of law reduce investment risk and ensure consistent
maintenance, capacity expansion, and innovation which are crucial to energy system resilience.
Conversely, institutional weaknesses such as rampant corruption, unclear property rights, or
political instability undermine energy system resilience by distorting incentives, allowing rent-
seeking and compromising system planning and resource allocation.

Public governance frameworks echo ideas of institutional theory by emphasizing
accountability, transparency, inclusive participation, and rule-based decision-making. When
applied to the energy sector, the public governance perspective emphasizes clear and consistent
energy policies, strong regulatory agencies, transparent decision-making, and effective
stakeholder participation as crucial to ensuring energy system resilience. Taken together,
institutional theory (North, 1990) and public governance frameworks suggest strong, effective
institutions and good governance systems reduce energy vulnerability by enabling
accountability, stable investment, policy continuity and coordinated energy system
development (Iormom et al., 2024; Musa et al., 2021; Sanusi et al., 2022), whereas institutional
and governance failures increase energy vulnerability.

The last theoretical framework, risk governance and resilience theories, provides a

unifying framework for understanding the interplay between economic policy uncertainty,
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governance, and energy vulnerability. Risk governance theory suggests that how societies
identify, assess, manage, and communicate risks determine their vulnerability to shocks (Renn,
2008; Renn et al., 2018), while resilience theory focuses on a system’s ability to absorb
disturbances, adapt, and continue functioning (Holling, 1973). In the energy sector, effective
risk governance implies forward-looking planning, institutionalized contingency mechanisms
stakeholder coordination, and credible regulatory oversight, among others, that ensures energy
systems are prepared for uncertainty-related shocks (UNDP, 2024). Meanwhile, resilience
theory would emphasize attributes such as redundancy, robustness, and adaptive capacity in
terms of both infrastructure, energy sources, operations and policies. Crucially, governance by
enabling learning, innovation, and stakeholder collaboration or otherwise shapes these
resilience attributes. Together, these frameworks imply that governance act as a moderator in
how uncertainty shocks impact energy vulnerability: strong, adaptive governance can act as
buffer to shocks, while poor governance can amplify them.

The above theoretical perspectives collectively provide an integrated explanation of the
EPU-energy vulnerability nexus. Real options theory explains why uncertainty delays
irreversible investment in energy infrastructure. Institutional theory and public governance
frameworks explain how governance quality influences the credibility, consistency, and
implementation of energy policy under uncertainty. Risk governance and resilience theories
provide the overarching lens by explaining how governance shapes the capacity of energy
systems to anticipate, absorb, and adapt to shocks. The combined implication is that governance
quality conditions the transmission of economic policy uncertainty into energy vulnerability.
Figure 1 summarizes this conceptual framework and motivates the empirical specification that

follows.



Figure 1: Conceptual framework linking economic policy uncertainty, governance
quality, and energy vulnerability.
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The control variables included in the empirical model also follow from this framework. GDP
per capita captures resource availability for energy investment; urbanization reflects spatial
demand and infrastructure pressures; internet access measures technological capability and
information diffusion; and trade openness captures exposure to external energy and commodity

markets.

2.2 Empirical Literature

2.2.1 Economic policy uncertainty (EPU) and energy vulnerability (EV)

Empirical evidence largely supports adverse effects of economic policy uncertainty on energy
system outcomes, including reduced energy investment and consumption, especially for
renewables. Cao et al. (2020), for instance, report a negative relationship between international
oil price volatility and investment among renewable energy firms in China. A recent cross-
country study corroborates the adverse effect of EPU on renewable energy investments (Nyiwul
et al., 2025). Existing studies also report an adverse impact of EPU on renewable energy or
broader energy use in the United States (Shafiullah et al., 2021) and among major blocs such
as the G7 (Mengfeng et al., 2024; Dai et al., 2025), OPEC (Farouq & Sulong, 2024), and BRICS
(Zhang et al., 2021; Zeng & Yue, 2021). Likewise, among a sample of 72 countries, Erzurumlu
and Gozgor (2021) found that EPU is negatively associated with energy consumption.



However, the EPU-EV nexus is not uniformly negative. Several other studies reveal
important nuances, including non-linear and energy-type-specific effects. Some studies find no
significant effect or causality between EPU and EV, especially renewable energy investment
(Appiah-Otoo, 2021), while others report asymmetric effects across positive versus negative
EPU shocks and across energy types, such that positive EPU shocks reduce renewable energy
consumption but increase non-renewable energy use and vice versa (Zeng & Yue, 2021).
Meanwhile quantile-based evidence shows that uncertainty may coincide with energy
diversification but only at upper quantiles of already highly diversified energy systems (Dagar
et al., 2024). Evidence from Nigeria similarly shows temporally and distributionally
heterogeneous effects of EPU on renewable energy adoption, where short-term uncertainty
stimulates renewable energy consumption at lower adoption levels, but prolonged uncertainty
discourages investment as deployment deepens (lormom et al., 2025). These mixed,
heterogenous and non-linear findings hint that conditioning country-specific factors including
market conditions, fuel mix or institutional settings matter for how EPU translates into energy

system outcomes.

2.2.2 Governance and energy vulnerability

Several studies have confirmed governance as a key determinant of energy system outcomes
such as renewable energy capital flows, investment and consumption. For Africa, Dube and
Horvey (2023) for a sample of some 20 African countries found that institutional quality
significantly increases renewable energy capital flows, with an inverted-U pattern suggesting
as institutional quality reduces, energy capital flows deteriorate. For a wider African panel,
Dossou et al. (2023) report that improvements in institutional quality significantly increase
renewable energy consumption and renewable electricity output in 33 African countries.
Besides African sample, the existing evidence shows that institutional quality exerts
significantly positive impact on renewable energy consumption in Nigeria (Iormom et al., 2025)
and among other major blocs such as the OECD (Rafiq et al., 2025; Wang et al., 2022),
Economic Cooperation Organization (ECO) (Mehrara et al., 2015), EU (Cadoret & Padovano,
2016) and mix sample of 38 developed and developing countries (Uzar, 2020).

Existing evidence further shows that good governance/institutional quality does not
only exert positive impact on renewable energy consumption but may facilitate energy-mix
substitution toward cleaner sources. For instance, among South Asian economies, Tabash et al.
(2024) found that while institutional quality exerts positive impact on renewable energy

consumption, the effect on consumption of fossil fuel energy is negative. Yet in other
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developing country samples, Muhammad et al. (2021) found that institutional quality is
positively associated with higher fossil-based consumption in the absence of effective energy-
mix transition/clean energy substitution. In the African context, a similarly contrasting evidence
of negative impact of governance quality on renewable energy consumption (e.g., Dossou et
al., 2024) are often attributed to the fact that governance quality in Africa remains far below the
threshold needed to redirect finance, policy, and planning away from fossil-based systems
toward renewable energy.

Studies that model political incentives and institutional design show that ideology,
regime characteristics, and interest-group pressures also influence energy system outcomes,
particularly renewable energy consumption and investment outcomes. Specifically, left and
center-oriented governments, democratically governed countries, and countries with
parliamentary systems reported to be more supportive of renewable energy investment (Abban
& Hasan, 2021; Cadoret & Padovano, 2016; Sequeira & Santos, 2018). Meanwhile, in terms of
energy use, democratic institutions and fiscal decentralization have been found to promote
renewable energy consumption and lower non-renewable energy use (Chen et al., 2021; Su et
al., 2021). On the contrary, other works shows that political economy frictions such as political
risk, lobbying and political party polarization depress renewable energy consumption (Wang et

al., 2022; Cadoret & Padovano, 2016; Apergis & Pinar 2021).

2.2.3 Economic policy uncertainty (EPU), governance, and energy vulnerability nexus

Emerging empirical evidence suggests that governance or institutional quality, moderates the
impact of uncertainty. William and Fengrong (2022) reports that institutional quality and
political conditions moderate the adverse impact of EPU on innovation output and quality,
which could be instrumental for developing energy products. Within the energy domain, a
growing body of evidence shows that governance conditions the impact of EPU on energy-
related outcomes including renewable energy innovation, energy poverty and energy
consumption (Feng & Zheng, 2022; Che & Jiang, 2021; Hnainia & Mensi, 2025). The effects
of EPU on these energy system outcomes are either significant only in high institutional quality
countries (Feng & Zheng, 2022) or depend on specific governance dimensions such as
government effectiveness and regulatory quality (Hnainia & Mensi, 2025). However, these
studies typically examine the moderating role of governance in the relationship between
uncertainty and single energy outcome (innovation, consumption, poverty), not systemic and

multidimensional energy vulnerability.
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Existing evidence from Africa suggests that uncertainty shocks are material, but
governance may not always be strong enough to moderate them effectively. For a sample of 47
African countries Ekeocha et al. (2023), for instance, find that while uncertainty exert
considerable influence on economic performance, governance do not significantly moderate the
uncertainty-economic performance relationship. This could mean that African institutions may
not yet be robust enough to counteract the adverse effects of uncertainty shocks on economic
performance. Still, regional heterogeneity showed greater resilience for Central and North
Africa compared to East and West Africa suggesting that institutional capacity and structural

characteristics may lead to differences in uncertainty responses differently across contexts.

2.2.4 Literature gaps and contributions

The existing empirical literature reviewed in Section 2.2 leaves a clear gap that motivates the
paper’s contribution. First, the literature on EPU-EV nexus is limited in Africa, where the weak
energy systems and the reliance on oversea investments in energy imports make the study
necessary. Our study contributes to the knowledge by using robust energy vulnerability measure
proposed by Liu et al (2023). Second, while a growing literature have established EPU—energy
and governance—energy linkages, the moderating role of governance in the EPU-EV
relationship remains largely untested, especially in Africa. For African countries, this gap is
policy relevant as they face “double exposure” combining higher baseline uncertainty (due to
political cycles, external shocks, etc.) with institutional constraints. The key point, however, is
not simply that governance matters but that which dimension and what levels of improvements
are crucial to achieving resilient energy systems because without sufficiently strong, credible,
and transition-oriented institutions, institutional gains may drive energy use without delivering
clean, sustainable and resilient energy systems.

Unlike Dube and Horvey (2023) who used single index (economic freedom index) for
the analysis, this study used six dimensions of governance to explore their moderating effects
on EV through EPU. Addressing this gap is, therefore, essential for understanding whether and
at what levels of vulnerability governance reforms can meaningfully insulate energy systems
from uncertainty-driven vulnerability. Lastly, employ a machine learning based analysis to
explore the different levels of EPU affecting varying levels of EV, which most studies on

African have not considered.
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3 Data and Methods

3.1 Data sources

This study utilizes cross-national data for a sample of 26 African countries from 2000 to 2019
to estimate the effects of economic policy uncertainty (EPU) on energy vulnerability (EV) and
the moderating role of governance. Table Al displays the list of sampled countries (see
Appendix). We use data on energy vulnerability index obtained from the work of Liu et al.
(2023) as the dependent variable. The main independent variable of interest is EPU. This
variable is proxied by world uncertainty index (Ahir et al., 2018). We obtained data on
governance from World Governance Indicators (control of corruption, government
effectiveness, political stability and absence of violence, rule of law, regulatory quality, and
voice and accountability) provided by the World Bank’s World Development Indicators (WDI)
dataset (World Bank, 2024). The governance indicators are scored between -2.5 and 2.5, where
positive integers correspond to better governance. Data on the control variables including GDP
per capita, urbanization, access to internet, and trade are garnered from world development
indicators. These control variables were chosen based on empirical literature on the subject
matter (see Dube & Horvey, 2023; William & Fengrong, 2022). Summary of description of

variables and their respective data sources are disclosed in Table 1.

3.1.1 Justification of variables

Outcome variable

Energy vulnerability (EV): Energy Vulnerability (EV) denotes the susceptibility of an energy
system to disruptions and adverse shocks, risking ability to ensure reliable, affordable energy
supply (Dong et al., 2024). In practice, energy system is vulnerable if it is easily disrupted by
adverse shocks such as price spikes, supply interruptions, or demand surges, often worsening
energy access and affordability (Dong et al., 2024). In line with the recent empirical works of
Fotio et al. (2024) and Djoudji and Nguea (2025), our main outcome variable is energy
vulnerability index constructed by Liu et al. (2023). Liu et al. (2023) computed the EV using
improved entropy method covering five key areas of energy: energy access, energy efficiency,
renewable energy, total energy consumption, and energy security (see Table Al in the
Appendix). This variable is considered because it employs wider range of variables to measure
EV, making it advantageous over variables like energy consumption or only renewable energy.
Independent variable of interest

Economic policy uncertainty (EPU): Economic policy uncertainty captures unpredictability in

the economic policy environment, including uncertainty about fiscal, monetary, and regulatory

12



decisions that alter expectations and create hesitation among economic actors. Baker et al.
(2016) formalized economic uncertainty or EPU by developing index based on the frequency
of newspaper coverage signaling unclear future policies. The main independent variable is EPU
proxied by world uncertainty index (WUI) (see Ahir et al., 2018). The index captures
uncertainty related to economic and political developments, encompassing both long-term and
near-term concerns (e.g., uncertainty created by the United Kingdom's referendum vote in favor
of Brexit). According to Ahir et al. (2018), the index is based on the accumulation of the number
of times “uncertainty” is mentioned in the Economist Intelligence Unit (EIU) country reports,
constructed at a quarterly frequency from 1996Q1 to 2018Q2. We then aggregate the quarterly
frequencies to obtain annual frequencies consistent with the other control variables. The WUI
is preferred to the conventional EPU (computed based on newspaper information) because the
WUI is based on EIU reports tailored to national economic and political developments, which
mitigates concerns about the ideological bias mostly associated with newspaper datasets (Beach
and Hanlon, 2023).

In line with the first hypothesis, EPU can adversely affect investment decisions, fiscal
planning, and regulatory stability, all of which are critical for energy system development
(Adjei-Mantey & Adams, 2023). Heightened uncertainty discourages long-term energy
investments, increases financing costs, and weakens supply reliability, thereby intensifying
energy vulnerability. This effect can be particularly marked in African economies, where energy

infrastructure and policy credibility remain fragile.

Interaction variables

Governance quality: In this study, governance quality is operationalized using the six WGI
dimensions (Kaufmann, Kraay, & Mastruzzi, 2011), which measure key aspects of institutional
quality in the remit of institutional economics (North, 1990). While institutional quality is the
broader concept encompassing the formal and informal rules that structure economic and
political interaction, (North, 2019; Acemoglu, et al., 2005) governance quality captures its
observable, measurable expression through state capacity, accountability, regulatory
effectiveness, and rule-based decision-making. In the energy sector, governance denotes the
policy and regulatory frameworks, and institutional arrangements that shape energy resource
development, infrastructure investment, and service delivery. Most existing empirical studies
use these indicators as proxy for institutional quality (see e.g., Karimu et al., 2017; Gbolonyo
& Tetteh, 2025). As explained in Section 2.2.3, governance quality, when interacted with EPU,

can influence energy vulnerability by shaping policy credibility, regulatory effectiveness, and
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institutional stability. More specifically, strong governance frameworks such as political
stability, voice and accountability, government effectiveness, mitigate uncertainty by ensuring
transparency, continuity, investor confidence, and enforcement. On the other hand, weak
governance can amplify uncertainty-induced distortions in energy markets and infrastructure
development. For instance, in settings like Africa, political instability and weak institutional
accountability undermine transparency and policy effectiveness, thereby weakening electricity
access initiatives and intensifying energy vulnerability (International Energy Agency [IEA]

2014; Acheampong et al., 2022).

Control variables

GDP per capita: In line with Dong et al. (2024), we include GDP per capita to capture a
country’s level of economic development which theoretically shows countries’ capacity to
finance energy infrastructure (Paul et al., 2025). Additionally, higher income levels are
associated with improved energy access, system resilience, and diversification, thereby

reducing energy vulnerability.

Urbanization: We control for urbanization since it influences energy demand and infrastructure
efficiency. Albeit urban concentration could enhance economies of scale and expansion of
energy infrastructure (Sadorsky, 2014; Fotio et al., 2024), rapid and unplanned urbanization
(e.g., informal settlements) can exert pressure existing systems, increasing energy vulnerability

especially in many African contexts (Garschagen & Romero-Lankao, 2015; Dong et al., 2024)

Access to internet: Access to internet represent a crucial aspect of information and
communication technology (ICT). Regarding the implications of internet on energy
vulnerability, we expect internet to reduce energy vulnerability by fostering knowledge,
improving energy efficiency, and supporting cleaner energy and energy affordability (Zhao et

al., 2022; Zhang et al., 2023; Dong et al., 2024).

Trade openness: We include trade openness to capture economic globalization. On the one
hand, openness can enhance energy system resilience by facilitating access to energy
technologies, capital, and diversified supply sources. On the other hand, excessive reliance on
energy imports may expose economies to external shocks. For instance, Fotio et al. (2024) finds

evidence that economic globalization exacerbates energy vulnerability in Africa.
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Table 1: Variable description and data sources

Variable Symbol Description Data source
Dependent variable
Energy vulnerability index EV Response of energy systems to adverse events, Liu et al. (2023)

Independent variable

Economic policy uncertainty EPU

index

Interaction variables

Voice and accountability

Political stability

Government effectiveness

Regulatory quality

Rule of law

VA

PS

GE

RQ

ROL

generated using energy access dimension,
energy security, energy consumption and
renewable energy. The index is from 0 (no

vulnerability) to 1 (highly vulnerable).

World uncertainty index. The index captures
uncertainty related to economic and political
developments, regarding both long-term and
near-term concerns. It is based on the
accumulation of the number of times
“uncertainty” is mentioned in the Economist
Intelligence Unit (EIU) country reports. A
higher index shows a higher level of

uncertainty and vice versa.

Perceptions of the degree to which citizens can
participate government selection, express their
opinions without intimidation (score: -2.5 to
2.5).

Perceptions of the probability political
instability, politically motivated violence
(score: -2.5 to 2.5).

Perceptions of the quality of public services,
civil service independence, policy formulation
and  implementation, and  government
commitment (score: -2.5 to 2.5).

Perceptions of the government's capacity to
formulate policies that encourage the growth of
the private sector (score: -2.5 to 2.5).
Perceptions of the level of agents trust in social

norms, property rights, contract enforcement,

Ahir et al. (2018)

World Bank (2024)

World Bank (2024)

World Bank (2024)

World Bank (2024)

World Bank (2024)
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the police, and the courts, likelihood of crime

and violence (score: -2.5t0 2.5.)

Control of corruption CcC Perceptions of the extent to which public power World Bank (2024)
is exercised for personal gain (score: -2.5 to
2.5)

Control variables

GDP per capita GDPpc GDP per capita (constant 2015 US$) World Bank (2024)

Urbanization URB People living in urban areas (% of total World Bank (2024)
population)

Access to Internet ICT Individuals using the Internet (% of population) World Bank (2024)

Trade TR Exports plus imports of goods and services as a World Bank (2024)

share of GDP (% of GDP)

Source: Authors’ compilation

3.2 Model specification
To examine the impact of EPU, governance and other explanatory variables on energy
vulnerability, we draw motivation from Cao and Nguea (2025) to specify the baseline empirical

model as follows:

EVit = ,80 + ﬂlEPUit + IBZGOVLt + ﬁglnGDPpCl-t + ﬁ4lTlURBit + IBSITlICTit + ,86l7’lTRit +
&t (1)

where [n is logarithmic operator, EPU;;, GDPpc;;, URB;, ICT;, TR;; and GOV are economic
policy uncertainty, GDP per capita, urbanization, internet access, trade (% of GDP) and
governance indicators (role of law, voice and accountability, regulatory quality, political
stability, and government effectiveness), respectively, for country i at time t. S, and &;; are
the constant and error terms, respectively. The main coefficient of interest is f;, which measures
the impact of EPU on EV.

Consistent with Brambor et al. (2006), the role of governance quality is examined
empirically through interaction terms between economic policy uncertainty and each
governance dimension. The sign and significance of the interaction coefficient (&), together
with the corresponding marginal effect, determine whether and how governance quality
conditions the EPU—energy vulnerability relationship. We extend Eq.1 by including an
interactive term of EPU and GOV in Eq. 2.
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EVi, = By + BLEPU;, + oGOV + 8(GOV X EPU);; BsInGDPpc;, + BolnURB;; +
ﬂslnlCTit + ﬂﬁlnTRl-t + Eit (2)

where GOV X EPU is the interactive term EPU and each GOV variable. The rest of the variables
are as already defined. The resultant net effect from the interaction between EPU and GOV on

EV can be estimated as follows:

9(EVit)

where (GOV, is the mean threshold of the governance indicator(s). We calculated the marginal

effects at using the averages of the GOV variables.

33 Estimation techniques

Lewbel Two Stage Least Square technique

The study uses the Lewbel (2012) two-stage least squares (Lewbel IV-2SLS) as our baseline
technique. This estimator addresses endogeneity by constructing its internal instruments, which
are heteroskedasticity-based (Lewbel, 2012). Specifically, the heteroskedasticity-based
instruments are generated by multiplying the residuals of the auxiliary equation by the mean-
centered form of each included exogenous variable, which serves to correct for endogeneity
(Lewbel, 2012). One of the main advantages of the Lewbel IV-2SLS estimator is that it does
not need to satisfy the standard exclusion restrictions. Thus, the estimator addresses
identification challenges, particularly in cases where suitable external instruments are either
unavailable or weak for identifying structural parameters in regression models with endogenous
or mismeasured regressors (Lewbel, 2012). Additionally, this estimation technique provides
reliable estimates without relying on external instruments (Lewbel, 2012). Barkat et al. (2023)
opined that the Lewbel's (2012) estimator outperforms other estimators that use external
instruments. The use of the Lewbel IV-2SLS is consistent with prior studies (Asaloko et al.,
2025; Ntsama et al., 2025; Acheampong & Opoku, 2024; Njoya et al., 2024). It is worth noting
that since the Lewbel IV-2SLS uses second moment conditions to explore heteroskedasticity
patterns rather than excluded variables, the instruments generated instruments may have low
correlation with endogenous variables. The low correlation may create weak instrument
problems. We therefore test the identification of and the strengths of the instruments to ensure

that the results are robust.
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Notwithstanding, the Lewbel IV-2SLS does not explicitly accommodate potential cross-
sections dependence problems arising from the fact that most Africa countries have similar
growth patterns and a policy shock in one country may transmit to other countries. To
circumvent this potential challenge, we used the Driscoll-Kraay (1998) [DKSE] Standard error
(DKSE) to test the robustness of the Lewbel 2SLS estimates. The DKSE approach is
specifically utilized since it can account for cross-sectional dependence commonly present in
panel data. It also addresses time-invariant differences, thereby reducing potential bias
(Fonchamnyo, 2022). More importantly, the approach is applicable in balanced as well as
unbalanced panel data and can be employed in the presence of spatial and serial dependence
(Heberle & Sattarhoff, 2017). Finally, the DKSE method automatically adjusts for dependence

in the residual unlike methods that require specifying how cross-sectional units are related.

34 Distributional impact of economic uncertainty (EPU) on energy vulnerability (EV)
To address our third research question, we explore the extent of the impact of EPU on EV. In
essence, we estimate the effect of EPU on different levels of EV using the panel Kernel-
Regularized Least Squares (KRLS). The KRLS technique proposed by Hainmueller and Hazlett
(2014) is a non-parametric regression method which relaxes assumptions about the functional
form of relationships between variables. It is useful when dealing with complex, nonlinear
relationships where standard linear regression models may not capture underlying patterns.
More importantly, the KRLS is appropriate for handling model misspecification and produces
more reliable and unbiased estimates in non-linear models (Hainmueller & Hazlett, 2014;
Sarkodie and Owusu, 2020). The novelty of the KRLS is that it provides pointwise marginal
effects using machine learning algorithm and thus allowing for better interpretation of how the
predictor variable (EPU) affects the outcome variable (EV) at different levels. Hainmueller and
Hazlett (2014) provide a more detailed mathematical expression of the KRLS technique.
However, following Sarkodie (2021) and Gbolonyo et al. (2025), the KRLS approach can

simply be expressed as:

—llx; —x; I 2
(d) chle l o2 ! ( @ _ (d)) 4)

0y
where —— @ indicates the pointwise derivative of dependent variable y with respect to x is the

regressors, ¢; represents the weight of the regressors, e denotes the exponential function, i is

the unit of observations, j denotes a single observation, and o2 is the kernel bandwidth.
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3.5  Summary Statistics

The summary statistics of the variables are reported in Table 2. The average energy
vulnerability is 0.344 while economic uncertainty averaged 0.194 suggesting that most
countries in the data are moderately vulnerable and have lower economic uncertainties.
Governance indicators (voice and accountability, political stability, government effectiveness,
regulatory quality, rule of law, and control of corruption) all exhibit negative mean values
ranging from -0.469 to -0.584, suggesting overall weak institutional quality with considerable
cross-country heterogeneity. The average GDP per capita is $2,494 with large variation across
countries as shown by the large standard deviation ($2,148). On average, 45.9% of the countries
are urbanized, trade constitute 69.6% of GDP while only 13.6% of the sample have access to
internet. Additionally, Figure 1A shows that while all the countries combined have low EV
score on average, countries like Congo DRC, Tanzania and Ethiopia exhibit higher
vulnerability (above 0.5) compared to Tunisia, Egypt and Morocco show lower EV (below 0.2).
Likewise, Figures 1B to 1D (see appendix) depicts a large variation within and across countries
for the institutional variables, suggesting heterogenous institutional development across the

observed economies.

Table 2: Summary statistics

Obs Mean SD Min Max
Energy vulnerability index EV 520 0.344 0.142 0.095 0.59
Economic policy uncertainty EPU 520 0.194 0.196 0.000 1.343
index
Voice and accountability VA 494 -0.469 0.691 -1.734 983
Political stability PS 494 -0.491 0.852 -2.474 1.201
Government effectiveness GE 494 -0.562 0.599 -1.841 1.15
Regulatory quality RQ 494 -0.524 0.625 -2.202 1.197
Rule of law ROL 494 -0.559 0.630 -1.87 1.024
Control of corruption CcC 494 -0.584 0.578 -1.555 1.245
GDP per capita GDPpc 520 2493.509  2147.807 252.807 10956.945
Urbanization URB 520 45.875 16.310 14.74 89.741
Access to Internet ICT 517 13.569 16.699 .006 84.12
Trade TR 487 69.579 25.438 17.225 156.862

Note: Obs is Observation; SD is the Standard Deviation; Min is Minimum; Max is Maximum
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Figures 1 and 2 preview the correlation between economic policy uncertainty, governance
variables and energy vulnerability. Figure 1 shows a positive correlation between economic
policy uncertainty and energy vulnerability across African countries, with notable heterogeneity
in their distributions. The figure shows that Congo DRC, Tanzania, Mozambique, and Ethiopia
have higher energy vulnerability levels (0.45-0.52) with varying economic uncertainty. In
contrast, Tunisia, Egypt, Algeria, Morocco and Mauritius show lower energy vulnerability (0.10-
0.15) and moderate economic uncertainty. Figure 2 is presented as descriptive evidence
illustrating cross-country variation in uncertainty and vulnerability levels rather than evidence of
a causal relationship. The considerable heterogeneity in the scatter plot, where countries with
similar uncertainty levels show markedly different vulnerability outcomes, motivates both the

empirical analysis and the exploration of conditioning factors such as governance quality.

Figure 2: Bivariate relationship between economic policy uncertainty and energy
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Figure 3 depicts the scatter plots showing the correlation between EV and each governance
variable, which shows a consistent and strong negative correlation relation is recorded for each
institutional variable and EV. Specifically, countries with weaker institutions (Congo DRC,

Ethiopia, Zimbabwe) exhibit higher vulnerability, while those with stronger institutions
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Energy vulnerability Energy vulnerability

Energy vulnerability

(Mauritius, South Africa, Tunisia) exhibit lower vulnerability. This is supported by the correlation
matrix in Table A5, as all the institutional variables have negative and significant correlation with
EV. As intuitions become more robust (negative to positive), energy policies improve, lowering

EV.

Fig. 3: Bivariate relationship between governance indicators and energy vulnerability
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4. Results and Discussions

4.1 Baseline results

Table 3 presents the main results for the Lewbel 2SLS from the models as specified in equations
1 and 2. Specifically, Model 1 is the results for equation 1 while Model 2 to 12 are the results
for the interaction terms between economic policy uncertainty and the individual institutional
variables (see Eq. 2) and their corresponding marginal effects.

The coefficient for the economic policy uncertainty for model 1 shows that economic
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policy uncertainty (EPU) has positive and significant effects of energy vulnerability (EV) for
the 26 countries considered in the study. Specifically, a one-unit increase in economic policy
uncertainty significantly increases EV across all our model specifications. This finding is
consistent with the prediction of real options theory (Bernanke, 1983; Dixit and Pindyck, 1994;
Kellogg, 2014), which argues that heightened uncertainty stalls irreversible decisions. One
plausible explanation is that policy unpredictability reduced investment confidence, delayed
infrastructure development, and disrupted long-term energy planning, though these
mechanisms are not directly tested in the present model, this result is consistent with the
proposition that macroeconomic instability and policy unpredictability contribute to energy
system fragility.

The adverse effects of EPU on EV resonate with the African context, where energy
infrastructure is already fragile and heavily dependent on foreign investment and donor funding.
Africa’s energy vulnerability manifests in many ways, including unreliable supply (Berhe and
Khemani, 2026), energy poverty, where 590 million people in sub-Saharan Africa still lack
access to electricity (International Energy Agency, 2022) and overdependence on overseas
energy services. We emphasise that although the present study does not explicitly estimate
investment channels, one plausible mechanism through which EPU suppresses a robust energy
system is by discouraging long-term domestic and foreign investment in energy infrastructure,
slowing capacity expansion and diversification. In settings like Africa, where domestic capital
markets are thin and energy infrastructure depends substantially on external financing,
uncertainty is likely to carry a substantial penalty than in more financially autonomous
economies. Our result is consistent with the findings of Liu et al. (2024) where the authors
reported geopolitical risk increases vulnerability of energy markets and Khan and Su (2022)
who reported that EPU reduces energy investment. However, the outcome, is in contrast with
Wang et al. (2025) who reported that geopolitical risk positively influences energy transition.
The authors suggest that geopolitical risks compel countries to be innovative and invest in
alternative energy sources to reduce energy vulnerability. Our result is different from Wang et
al. (2025) potentially because we focus exclusively on African countries where innovation and
alternative energy sources is low. As documented in Shankar (2020), global policy uncertainties
reduce the propensity of firms in African countries to innovate, making our results context-
specific.

We estimate the coefficients for the interaction terms between EPU and individual
governance variables with their corresponding marginal effects computed at the means. The

discussion and explanation would however focus on the individual governance indicators and
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the interaction effects. Table 3 reports that voice and accountability (VA), political stability
(PS), regulatory quality (RQ) and control for corruption (CC) have positive and significant
effects on EV. Specifically, an increase (from -2.5 to +2.5) in VA, PS, RQ and CC by one-unit
result in 3.2%, 3.6%, 1.3% and 1.3%, respectively, suggesting that as these variables improve
(-2.5 to +2.5) energy systems become more vulnerable. These underscore the general weak
regulatory framework in most African countries, which make them unable to improve energy
supply and distribution. For example, Obi et al. (2025) argued that energy services in Africa
are mostly centralized and managed through rigid top-down approach led by a single
governmental agency which is characterized with inefficiencies. Because of the inefficiencies,
energy services cannot meet the needs of the people, making them vulnerable even in countries
with relatively higher political stability and control for corruption. Furthermore, controlling
corruption attracts more scrutiny and higher standards for energy security assessments, which
fuel bureaucratic practices and delays in completing energy projects. This aligns with Isser et
al. (2024) who documents that although there has been progress in enhancing accountabilities
in public institutions in most African countries, yet most countries are constrained by weakness
of checks and balance and uneven distribution of individual institutions. Our findings, however,
contradict the conclusions from Dube and Horvey (2023), who found supportive effects of
institution on energy investment. One reason could be that the authors used one institutional
index which could mask the potential effects of individual institutional variables.

The negative coefficients for government effectiveness (GE) and rule of law (ROL)
indicating these institutions reduce energy system vulnerability. This means that countries with
more effective governments and robust legal frameworks experience lower energy
vulnerability, since better governance enables infrastructure investment, policy
implementation, and market regulation that enhance energy security as broadly alluded to by
the institutional theory (North, 1990). However, our results contradict Wang et al. (2025) where
the authors show that governance worsen energy transition, potentially making countries energy
vulnerable.

The dynamics of the results for the individual governance indicators uncover the fact
that some governance variables are more effective than others in terms of energy services and
projects. Thus, using a single institution variable or index as presented by Dube and Horvey
(2023) and Wang et al. (2025) could limit the understanding of how individual aspects of
governance affects energy vulnerability. The positive interaction terms between the governance
indicators and EPU demonstrate that governance quality does not overturn the adverse effects

of EPU on EV. As indicated earlier, governance quality in Africa is notably poor, limiting the
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capacity to absorb adverse external and internal shocks. For instance, when there are external
shocks, most African countries struggle to provide short- and long-term stability. Ekeocha et
al. (2023) reports similar outcome where Africa’s institutional quality is unable to nullify the
effects of economic policy uncertainties. This suggests institutional frameworks designed for
stable environments prove insufficient during uncertainty shocks, as heightened
unpredictability overwhelms governance capacity, magnifying energy system fragility
regardless of institutional strength. Although some individual governance variables have
negative coefficients their marginal effects are positive and significant. This difference can be
attributed to the fact that the current level of governance variables (on the average) is not strong
enough to completely mitigate EPU as documented by studies such as Ekeocha et al. (2023).

Regarding the control variables, GDP per capita, urbanization, and ICT have negative
and significant effects on EVI. Specifically, we find that across all specifications, an increase
in GDP per capita, urbanization and ICT significantly decrease EV. High GDP per capita and
ICT penetration are indications of infrastructure and human capital development, which is
important for investment and energy use efficiency. On the other hand, trade (% of GDP) has
consistent positive and significant effects on EV, implying that international integration
increases exposure to international energy volatility or supply disruptions. Dramani et al. (2025)
document that African countries are vulnerable to oversee policy uncertainties like trade policy
uncertainty, which adversely impact Africa’s economic performance through trade. Table 2
reports that average trade among the 26 African countries is about 70% of GDP.
Overdependence on international trade may heighten vulnerability through import dependence
on petroleum products and exposure to global commodity price fluctuations.

The bottom part of the Table shows an R-square of over 70% for all the models,
suggesting that most of the variation in the outcome variable is influenced by the joint effects
of the explanatory variables. Essentially, the diagnostics confirm that the model is robust and
that the instrumental variable estimates are unlikely to suffer from weak-instrument bias,
thereby supporting the reliability of the estimated coefficients. For instance, the Kleibergen—
significant), indicating that the instruments are sufficiently correlated with the endogenous
regressor(s). In addition, the Kleibergen—Paap F-statistic exceeds conventional critical

thresholds (more than 10), suggesting that the instruments are not weak.
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Table 3: Economic policy uncertainty, governance, and energy vulnerability in Africa [Lewbel 2SLS Estimates]|

Uncond- EPU Uncond- EPU XPS  Uncond- EPU XGE  Uncondi- EPU XRQ  Uncond- EPU Uncond- EPU xCC
itional XVA itional itional tional itional XROL itional
Model 1 Model2 Model3  Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12
InGDPpc -0.106™" -0.107"  -0.106™  -0.109"*" -0.083™" -0.0086™"  -0.098"*" -0.102"" -0.089™" -0.093™" -0.095™" -0.098™"
(0.005) (0.005) (0.005) (0.005) (0.007) (0.006) (0.006) (0.006) (0.005) (0.005) (0.005) (0.005)
InURB -0.041™" -0.043™"  -0.048™"  -0.043™*" -0.070™" -0.083™" -0.054™" -0.061™" -0.064™" -0.074™" -0.056™" -0.060™"
(0.011) (0.011) (0.011) (0.011) (0.013) (0.012) (0.011) (0.011) (0.011) (0.011) (0.011) (0.012)
InICT -0.031™" -0.030"™  -0.031™  -0.029"" -0.031™" -0.027"" -0.032™" -0.027™" -0.032™" -0.026™" -0.033™" -0.027™"
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
InTR 0.046™" 0.048™" 0.033™  0.037™" 0.046™" 0.060™" 0.048™" 0.059™" 0.047™" 0.056™" 0.048™" 0.047™"
(0.010) (0.010) (0.011) (0.010) (0.011) (0.011) (0.011) (0.011) (0.011) (0.011) (0.011) (0.011)
EPU 0.094™" 0.077™" 0.154™  0.151™ 0.135™" 0.180™" 0.137"" 0.175™" 0.133™ 0.185™" 0.137"" 0.124™"
(0.020) (0.014) (0.022) (0.021) (0.022) (0.024) (0.022) (0.022) (0.023) (0.025) (0.022) (0.022)
VA 0.032™" 0.032™"
(0.005) (0.006)
EPU XVA -0.005
(0.017)
PS 0.036™  0.027™
(0.004) (0.006)
EPU XPS 0.037"
(0.018)
GE -0.010 -0.042™"
(0.008) (0.010)
EPU XGE 0.113™
(0.026)
RQ 0.013™ -0.015"
(0.006) (0.008)
EPU XRQ 0.107™"
(0.022)
ROL -0.002 -0.035™"
(0.006) (0.009)
EPU XROL 0.123™*
(0.026)
CcC 0.012" -0.012
(0.007) (0.011)
EPU xCC 0.054™
(0.026)
Total effect Na 0.133™" 0.117™ 0.119™" 0.116™ 0.092""
(0.017) (0.016) (0.016) (0.017) (0.015)
Constant 1.149™" 1.152™ 1.213™ 1.204™" 1.063™" 1.047™" 1.114™ 1.102" 1.082™" 1.081™" 1.106™" 1.124™
(0.045) (0.041) (0.046) (0.044) (0.044) (0.041) (0.0406) (0.042) (0.044) (0.041) (0.044) (0.041)
Observations 438 438 438 438 438 438 438 438 438 438 438 438
R-squared 0.786 0.786 0.788 0.791 0.763 0.767 0.764 0.767 0.763 0.767 0.763 0.767
Idstat 50.179 68.279 49.771 46.406 48.571 56.895 50.139 56.910 48.989 46.692 49.048 42.122
Idp 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Widstat 34.222 287.765 37.872 88.861 36.620 192.769 34.674 96.822 36.321 114.60 34918 162.228

Note: na means Not applicable; Standard errors in parentheses; “p<0.10, **p<0.05,
statistic for under-identification (Anderson or Kleibergen-Paap); idp is p-value of under-identification LM statistic; widstat is F statistic for weak identification
(Cragg-Donald or Kleibergen-Paap)
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4.2  Robustness Checks

In this section, we estimate the baseline model using the Driscoll-Kraay Standard error (DKSE)
and the Kernel-Based Regularized Least Squares (KRLS) to ensure the robustness of the
baseline results. The results for the DKSE are presented in Table 4 and Table 5 reports on the
KRLS.

4.2.1 Alternative estimation of technique (Driscoll-Kraay Standard error)

The DKSE results in Table 4 presents similar outcomes in relation to our benchmark regressions
in Table 3°. For instance, in Table 4, the coefficients on economic policy uncertainty are positive
and significant (Model 1), suggesting that policy uncertainty increases energy vulnerability.
Likewise, GDP per capita, urbanization and internet access have significant negative
relationship with EV while trade has positive association with EV. Again, the coefficient for the
individual governance variables such as political stability, regulatory quality and control for
corruption have positive relationship with EV, while government effectiveness and rule of law
decrease energy vulnerability. Additionally, we find the coefficients of the interaction terms and
their corresponding marginal effects to be positive similarly reported in Table 3. Thus, after
accounting for potential biases in the standard errors, the results are consistent. We therefore

argue that the main results in Table 3 are robust and suitable for policy purposes.

4.2.1 Energy importing countries versus energy-exporting countries

In response to concerns that countries' positions as net energy importers or exporters may shape
their exposure to policy uncertainty, we further examine whether the relationship between
economic policy uncertainty and energy vulnerability varies according to energy trade position.
We distinguish between energy-importing and energy-exporting countries and interact the
energy-importer indicator with economic policy uncertainty. The results, reported in Table A6
(see Appendix), provide evidence of significant heterogeneity across the two groups. The

coefficient on economic policy uncertainty is positive but statistically insignificant for the

SBefore we estimate DKSE method, we test for cross-sectional dependence (CD) because most African countries exhibit
common vulnerability and macroeconomic dynamics. This implies that any potential shock could simultaneously and
homogenously affect all countries, causing the estimates to be inefficient. If the data has CD, it could potentially affect the
standard errors and render our coeffects spurious. The results reported in Table A3 (see appendix) reveal significant correlations
across panel groups for most variables. Except PS, GE, RQ and ROL, the rest of the variables are cross-sectionally dependent.
This suggests that for most of the variables, any shock or unobserved factors affecting one country could be transmitted to other
countries which could affect the standard errors and make the results inefficient. Due to the results from the CD test, we use
the Driscoll-Kraay that corrects the standard errors to ensure that the results are robust.
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reference group of energy-exporting countries. In contrast, the interaction between EPU and the
energy-importer dummy is positive and statistically significant. This indicates that the estimated
relationship between economic policy uncertainty and energy vulnerability is significantly
stronger among energy-importing countries than among energy-exporting countries. The
positive interaction suggests that energy-importing economies experience a stronger increase
in energy vulnerability as economic policy uncertainty rises.

This finding is consistent with the possibility that dependence on external energy
markets increases the exposure of energy-importing economies to uncertainty. Policy
uncertainty can affect investment decisions, exchange-rate conditions, financing costs, trade
flows and expectations, which may be particularly consequential for economies that rely on
imported energy to meet domestic demand. In such economies, uncertainty may compound
exposure to international energy-price movements and supply-side disruptions, thereby
increasing energy vulnerability. Energy-exporting countries may have greater access to
domestic energy resources and may benefit from export revenues that provide foreign-exchange
and fiscal resources to absorb some external energy-market pressures. Nevertheless, energy
exporters are not insulated from uncertainty, particularly given their exposure to fluctuations in

international commodity markets.
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Table 4: Economic policy uncertainty, governance, and energy vulnerability in Africa [Driscoll Kraay Estimations]

Unconditional EPU XVA Unconditional EPU XPS  Unconditional EPU XGE Unconditional EPU XRQ Unconditional EPU Unconditional EPU xCC
XROL
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12
InGDPpc -0.117°* -0.1177""  -0.116™ -0.116™"  -0.094™" -0.096""  -0.110™ -0.1117"  -0.099" -0.099""  -0.107" -0.108™*"
(0.004) (0.004) (0.008) (0.008) (0.005) (0.005) (0.0006) (0.006) (0.005) (0.006) (0.005) (0.0006)
InURB -0.032™* -0.032"  -0.045™ -0.046™"  -0.071™" -0.075™*  -0.051™ -0.054™  -0.066™" -0.072""  -0.054™" -0.056™""
(0.010) (0.011) (0.013) (0.014) (0.011) (0.011) (0.011) (0.011) (0.013) (0.013) (0.011) (0.012)
InICT -0.024™" -0.024™  -0.023™ -0.023™"  -0.022™ -0.021**  -0.023™ -0.022**  -0.023™ -0.0217"  -0.023™" -0.023"*"
(0.006) (0.0006) (0.0006) (0.0006) (0.0006) (0.0006) (0.0006) (0.0006) (0.0006) (0.006) (0.0006) (0.0006)
InTR 0.046™" 0.046™" 0.036™ 0.037" 0.057"*" 0.0617* 0.054™" 0.057"*" 0.057"* 0.060™*" 0.054™" 0.054™"
(0.012) (0.013) (0.014) (0.014) (0.010) (0.010) (0.011) (0.011) (0.010) (0.010) (0.011) (0.011)
EPU 0.076™" 0.077"* 0.107"* 0.118™ 0.092"* 0.125™ 0.093™* 0.1217* 0.092™* 0.129™ 0.093™*" 0.112™
(0.019) (0.019) (0.024) (0.025) (0.019) (0.024) (0.020) (0.023) (0.020) (0.025) (0.020) (0.022)
VA 0.033™" 0.032™*
(0.005) (0.007)
EPUXVA 0.004
(0.020)
PS 0.032™* 0.028™"
(0.005) (0.008)
EPUXPS 0.023
(0.017)
GE -0.014™" -0.027°*"
(0.004) (0.0006)
EPUXGE 0.074™"
(0.021)
RQ 0.012* -0.000
(0.005) (0.007)
EPU XRQ 0.066™"
(0.018)
ROL -0.007" -0.022™*
(0.004) (0.005)
EPU XROL 0.075™"
(0.017)
CcC 0.011 0.004
(0.008) (0.011)
EPU xCC 0.038™
(0.015)
Net effect Na na 0.084*** 0.086%** 0.087%** 0.090%**
(0.020) (0.019) (0.021) (0.021)
Constant 1.178™ 1.179 1.256™ 1.254™" 1.083™*" 1.088™" 11517 1.152" 1.104™ 1.109™ 1.147" 1.152™
(0.059) (0.057) (0.073) (0.072) (0.046) (0.044) (0.057) (0.055) (0.0406) (0.043) (0.056) (0.054)
Observations 461 461 461 461 461 461 461 461 461 461 461 461
F 17297.600 16073.450 15712.663 14718.829 13918.245 11838.072 14782.385 15023.005 11422.317 15198.638 10196.814 10604.072

Standard errors in parentheses | p<0.10, **p<0.05,

Hokeok
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4.3 Heterogeneous analysis — Kernel regularized least squares (KRLS) results

Table 5 discloses the results of the non-linear estimations. The estimated coefficients indicate
that countries that are least energy vulnerable suffer the least from EPU. Specifically, for
countries in the lower quartile (25th percentile) of the EV bracket, the impact of increasing EPU
appears to be minimal, with a coefficient of (-0.021). This is potentially due to relatively robust
energy infrastructure, diversified energy portfolios, or effective governance. As a result, these
countries appear largely insulated from the destabilizing impacts of economic fluctuations.
However, African countries with moderate EV (50th percentile), the coefficient rises to 0.021,
indicating that these countries are consequently more susceptible to EPU. This increased
vulnerability may emanate from a relatively heavy reliance on unstable energy sources or
relatively weaker institutional capacities to manage energy-related shocks. The effect becomes
more pronounced at the upper quartile (75th percentile), where the coefficient reaches 0.062.
In such a scenario, EPU can exacerbate existing energy challenges, and hinder energy access

and security.

Table 5: Point derivatives - KRLS results

Variable Avg. SE T P>[t] P25 P50 P75
InGDPpc -0.06%** 0.002 -27.478  0.000 -0.080 -0.062 -0.042
InURB -0.073***  0.005 -15.515  0.000 -0.132 -0.065 -0.023
InICT -0.008***  0.001 -9.798 0.000 -0.015 -0.009 -0.002
InTrade 0.010%* 0.004 2.538 0.011 -0.023 0.004 0.036
EPU 0.022%%* 0.008 2.895 0.004 -0.021 0.021 0.062
VA 0.044*** 0.003 15.289 0.000 0.021 0.044 0.068
PS 0.024%* 0.002 11.348 0.000 0.007 0.023 0.041
GE -0.037** 0.004 -8.924 0.000 -0.057 -0.039 -0.017
RQ -0.002 0.004 -0.570 0.569 -0.014 -0.003 0.010
ROL -0.057**%*  0.004 -14.085  0.000 -0.084 -0.060 -0.031
CcC -0.002 0.004 -0.524 0.600 -0.026 -0.005 0.013
Lambda 0.2941 Sigma 11 R? 0.9831 Obs 461
Tolerance 0.461 Eff. Df 86.52 Looloss 1.949

Note: Avg. is Average marginal effect; SE indicates standard error; P25, P50 and P75 shows the 25th, 50th, and
75th percentile; Eff. df is the effective degrees of freedom; Dependent variable: Energy vulnerability (EV)

5.0 Conclusion and policy recommendation
This study augments the emerging discourse on strategies for mitigating energy vulnerability

in the Global South, with particular focus on Africa, where a notable share of the population is
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still without access to modern and reliable energy services. Using panel dataset from 26 African
countries covering the period 2000-2019, the study employs multiple estimation techniques
that are robust to endogeneity and cross-sectional dependence. The empirical findings reveal
that economic policy uncertainty (EPU) significantly exacerbates energy vulnerability (EV).
The results further reveal that most of the governance indicators (rule of law, government
effectiveness, voice and accountability, control for corruption, regulatory quality and political
stability) are positively associated with energy vulnerability except government effectiveness
and rule of law, suggesting that prevailing governance structures and institutional weaknesses
in Africa tend to worsen energy vulnerability outcomes. However, our findings corroborate the
assertion that although governance does not fully offset the adverse impact of economic
uncertainty on energy vulnerability, improvements in governance significantly diminish the
magnitude of this detrimental effect.

Based on the study’s findings, we suggest the following policy recommendations. First,
African governments should prioritize policies that reduce macroeconomic and policy
uncertainty, particularly through credible and consistent fiscal, monetary, and energy-sector
policies. For instance, government can ensure consistency in energy-sector policies by avoiding
abrupt tariff reversals, ad-hoc subsidy changes, and frequent regulatory amendments that reduce
investor confidence. Second, there is a need for substantial improvements in areas related to
regulatory effectiveness, control of corruption, and institutional accountability within the
energy sector. This can be done through independent regulators, transparent procurement, and
reduced political interference in tariff-setting. Third, policymakers should integrate governance
reforms with energy-sector strategies, ensuring that institutional strengthening accompanies
investments in energy access, renewable energy, and grid expansion.

Our study has some shortcomings which leave room for future research. First, we rely
on country-level panel using and aggregate energy vulnerability index (EV), which may conceal
important within-country heterogeneity or the main component of EV driving the effects.
Precisely, the dependent variable is a composite measure of energy vulnerability encompassing
energy access, energy efficiency, renewable energy deployment, total energy consumption, and
energy security. Thus, our analysis identifies effects on aggregate energy vulnerability rather
than its individual dimensions, which limits inference regarding the specific channels through
which economic policy uncertainty affects energy vulnerability. Policy conclusions should
therefore be interpreted at the system level rather than attributed to individual dimensions of
vulnerability. Future research could decompose the index to identify which components are

most responsive to uncertainty and governance quality.
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Second, future research could examine potential threshold effects, particularly whether
governance quality only begins to mitigate energy vulnerability beyond certain institutional or
income thresholds. Third, future studies could adopt energy-sector regulatory quality, public
investment efficiency, or utility-level performance indicators, to better isolate the institutional
channels affecting energy vulnerability. Fourth, the marginal effects are computed at the means
which may not give much information at different levels of institutions. Finally, differences in
energy market structure, dominant energy sources, and regulatory frameworks may also
influence the estimated relationships. Countries heavily dependent on imported fossil fuels may
respond differently to uncertainty than countries with diversified domestic energy systems.
Future research should incorporate measures of energy mix and market structure to examine

these heterogeneous effects.

31



Appendix
Fig. A1: Energy vulnerability across selected African countries (2000 — 2019)

B 51 g

w B

_E A5
i 4

&= £z
o B 36 55 a5 ac a5
g W e e o — —

m -
B 24
3

L [
T 18
E iR s
E 1moq
w " -

=

Kenya
Migeria

Canga, Rep.
Ghana

Caote d'lvoire
Gabon
Mo rocco

A

Egypt, Arab Rep.

Ethiopia
Benin
Togo
Zambia
Angola
oon
MNamibia
Senegal
Tu

nisia
Mauritius

Congo, Dem. Rep.
Tanzania
Mozambigue
Miger

Jimbabwe
Botswana

South Africa
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Fig. B2: Economic institutions: (C) Government effectiveness and (D) Regulatory quality
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Fig. B3: Social institutions: (E) Rule of law and (D) Control of corruption
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Table Al: Indicators for evaluating energy vulnerability index (EV)

Dimension

Indicator

Definition

1.

Energy access

Electricity acquisition

Period to obtain power

GDP per unit of energy use

system

Alternative and nuclear energy

Renewable electricity output

Electric power consumption

2. Energy efficiency Energy intensity
Overall
efficiency
3. Clean energy Renewable energy
4. Total energy consumption
Energy use
5. [Energy security

Energy mix diversity

Energy imports

Fuel exports

conversio

Access to electricity as a percentage of the population
Number of days to obtain permanent power connection
Energy consumption per unit of economic output

PPP GDP per kg of oil equivalent energy use

Final energy consumption / Total primary energy supply :
100

Share of renewable energy in total final energ
consumption

Share of alternative and nuclear energy in total energy use
Share of electricity generated from renewables
Electricity output excluding transmission losses

Primary energy use before conversion

Diversity of energy sources (Shannon—Wiener Index)
Energy imports as a share of total energy use

Fuel exports as a share of merchandise exports

Sourced from Liu et al. (2023).

Table A2: List of sampled African countries

Country name Code Country name Code Country name Code
Algeria DZA Gabon GAB South Africa ZAF
Angola AGO Ghana GHA Tanzania TZA
Benin BEN Kenya KEN Togo TGO
Botswana BWA Mauritius MUS Tunisia TUN
Cameroon CMR Morocco MAR Zambia ZMB
Congo, Dem. Rep. COD Mozambique MOZ Zimbabwe ZWE
Congo, Rep. COG Namibia NAM

Cote d'Ivoire CIv Niger NER

Egypt, Arab Rep. EGY Nigeria NGA

Ethiopia ETH Senegal SEN
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Table A3: Cross-sectional dependence results

Variable CD-test p-value corr abs(corr)
EV 46.28%** 0.000 0.589 0.821
EPU 18.98%** 0.000 0.242 0.311
VA 2.68%* 0.007 0.034 0.362
PS -0.31 0.757 -0.004 0.350
GE -0.33 0.743 -0.004 0.344
RQ 0.77 0.443 0.010 0.355
ROL 0.73 0.465 0.012 0.384
CC -2.25% 0.025 -0.028 0.316
GDPpc 45.53%** 0.000 0.602 0.690
URB 41.90%** 0.000 0.564 0.935
ICT 69.05%** 0.000 0918 0.918
TR 17.36%** 0.000 0.240 0.436

Notes: Under the null hypothesis of cross-section independence, CD ~ N(0,1) P-values close
to zero indicate data are correlated across panel groups

Table A4: Unit root tests

Variables Augmented Dickey—Fuller tests (ADF) Phillips—Perron (PP)
Inverse logit Modified inv. chi-squared  Inverse logit ~ Modified inv. chi-squared
EV -6.624%** 9.2394%#*x* -0.563 5.606%**
EPU -12.175%** 17.197%** -5.532%** 6.82]*#*
VA -8.497%** 11.528%*#* -2.528%** 5.474%**
PS -11.564%** 16.304%** 5. 771 8.499%**
GE -10.775%** 14.896%** -4.222%%% 5.708%**
RQ -9.394%** 12.435%** -2.495%** 3.226%**
ROL -8.203*** 10.428%** -1.004 1.242
cC -10.795%** 14.799%** -4.364%** 5.637%**
GDPpc -1.883%* 5.241%** 4237 -0.408
URB 5.221 16.089%#** -14.838%** 17.169%**
ICT 16.104 -4.202 11.893 -5.012
TR -7.536%** 9.228%#* -0.284 -0.060

®Hkp < 0.01, **p < 0.05, *p < 0.1
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Table A5: Pairwise correlations

Variables (D (2) (3) 4) (5) (6) (7 3 ) (10 (aAn - (12)
(1)EV 1.000

(2) EPU 0.037 1000

(3) VA 0.121  0.130  1.000

(4) PS 0229 -0.164 0.670  1.000

(5) GE -0.534  -0.044 0.753  0.648  1.000

(6) RQ -0.403  -0.012 0812 0.675 0.891 1.000

(7) ROL -0.465  -0.046 0.792 0.730 0917 0.898  1.000

(8) CC -0.383  -0.008 0.775 0.681 0.895 0.856 0911 1.000

(9) GDPpc -0.747  0.010 0399 0478 0.642 0.601 0584 0.534 1.000

(10) URB 0.671  0.043 0.023 0252 0.183 0.170 0.148 0.165 0.629 1.000

(11) ICT 0.621 0290 0214 0.130 0356 0279 0344 0298 0517 0.448 1.000
(12)TR 0249 -0.120 0.170 0384 0237 0211 0218 0241 0429 0.395 0.042 1.000
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Table A6: EPU GOYV, and Energy vulnerability: [DKSE Estimates]

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
InGDPpc -0.115™* -0.114™* -0.082"*" -0.101"* -0.086™*  -0.099™"
(0.004) (0.008) (0.004) (0.006) (0.004) (0.005)
InURB -0.022" -0.038"*" -0.036™" -0.024 -0.030™ -0.024
(0.013) (0.011) (0.012) (0.014) (0.013) (0.014)
InICT -0.024™ -0.023™ -0.026™" -0.026™ -0.025™*  -0.026™"
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)
InTrade 0.040™" 0.032* 0.041"* 0.041* 0.040™" 0.041"*
(0.013) (0.013) (0.010) (0.011) (0.010) (0.011)
EPU 0.036 0.075™ 0.082"* 0.072* 0.079" 0.075™
(0.031) (0.029) (0.025) (0.029) (0.026) (0.026)
Energy importer (dummy)  -0.006 -0.004 0.046™" 0.029" 0.049™ 0.033"*
(0.011) (0.014) (0.008) (0.009) (0.010) (0.007)
EPU x Energy importers 0.092* 0.070™ 0.027 0.053 0.031 0.049"
(0.036) (0.025) (0.030) (0.031) (0.032) (0.028)
VA 0.032™
(0.007)
PS 0.030™"
(0.007)
GE -0.029"*"
(0.004)
RQ 0.001
(0.005)
ROL -0.026"*"
(0.005)
CC -0.004
(0.010)
Constant 1.158™ 1.233"* 0.899"* 1.016™" 0.908"" 0.996"*
(0.036) (0.092) (0.031) (0.047) (0.026) (0.048)
Observations 461 461 461 461 461 461
F 10069.333 10113.411 8165.767 7750.201 8046.340  7760.784

Standard errors in parentheses | * p < 0.10, ™ p < 0.05, ™ p < 0.01
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