
“Disruptive load shedding and its dynamic impact on municipal financial
performance in KwaZulu-Natal, South Africa”

AUTHORS

Khulani Mzimela

Jean Damascene Mvunabandi

Bomi Cyril Nomlala

ARTICLE INFO

Khulani Mzimela, Jean Damascene Mvunabandi and Bomi Cyril Nomlala (2025).

Disruptive load shedding and its dynamic impact on municipal financial

performance in KwaZulu-Natal, South Africa. Public and Municipal Finance,

14(3), 130-144. doi:10.21511/pmf.14(3).2025.10

DOI http://dx.doi.org/10.21511/pmf.14(3).2025.10

RELEASED ON Friday, 03 October 2025

RECEIVED ON Tuesday, 08 July 2025

ACCEPTED ON Friday, 12 September 2025

LICENSE

 

This work is licensed under a Creative Commons Attribution 4.0 International

License

JOURNAL "Public and Municipal Finance"

ISSN PRINT 2222-1867

ISSN ONLINE 2222-1875

PUBLISHER LLC “Consulting Publishing Company “Business Perspectives”

FOUNDER LLC “Consulting Publishing Company “Business Perspectives”

NUMBER OF REFERENCES

69

NUMBER OF FIGURES

0

NUMBER OF TABLES

8

© The author(s) 2025. This publication is an open access article.

businessperspectives.org



130

Public and Municipal Finance, Volume 14, Issue 3, 2025

http://dx.doi.org/10.21511/pmf.14(3).2025.10

Abstract 

Electricity energy consumption plays a significant role in both local and international 
financial development. However, an imbalance between demand and supply of energy, 
especially electricity, impedes financial performance on both national and local lev-
els. The purpose of this study is to investigate the dynamic impact of load shedding 
on financial performance in KwaZulu-Natal. A panel Autoregressive Distributed Lag 
(ARDL) model, the Toda-Yamamoto Granger causality test, and Error Correction 
Model (ECM) approaches were applied to a data sample from seven district munici-
palities for a period from 2016 to 2022. The results reveal an inverse long-term rela-
tionship between load shedding and municipal financial performance. Additionally, 
the Toda-Yamamoto causality analysis indicates a short-run bidirectional causality 
between load shedding and financial performance. This implies that a high level of 
electricity cuts leads to poor financial performance. Based on these findings, the study 
recommends that the government and policymakers implement strategies to improve 
electricity generation and distribution, and foster a more competitive energy market 
by allowing the entry of multiple electricity producers beyond Eskom. Furthermore, it 
advocates for increased investment in alternative energy sources such as solar, wind, 
and biogas as a means to mitigate load shedding and its adverse effects. 
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INTRODUCTION

South Africa’s electricity supply crisis has been a persistent concern for 
over three decades (Kleynhans & Coetzee, 2019). Between 2001 and 
2007, South Africa’s residential electricity consumption increased by 
50%, placing Eskom under significant strain. In response to the grow-
ing crisis, the South African government introduced several strategies, 
including boosting Eskom’s production capacity, encouraging pri-
vate sector participation, and reforming the energy sector (Kumba & 
Olanrewaju, 2024). However, persistent issues such as leadership fail-
ures, mismanagement, and underinvestment have hampered progress 
(Hendrickse, 2022). The situation reached critical levels in 2022, when 
the country experienced 81 days, equivalent to 1,949 hours, of load 
shedding (Ayamolowo et al., 2022). The primary cause of South Africa’s 
electricity crisis is the imbalance between supply and demand, exacer-
bated by population growth, aging infrastructure, limited investment, 
and illegal electricity connections (Bohlmann & Inglesi-Lotz, 2018; 
BusinessTech, 2023). Illegal connections have costed Eskom over R60 
billion and have damaged expensive infrastructure such as transform-
ers (Ting & Byrne, 2020). In South Africa, load shedding has profound 
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implications not only for individuals and businesses but also for government institutions at national, 
provincial, and municipal levels. As noted by SALGA (2022), disruptions caused by load shedding di-
rectly impact municipal revenues and service delivery capacity. While existing studies have examined 
the macroeconomic effects of electricity shortages (Khobai et al., 2017; Pillay & Beharry-Ramraj, 2024; 
Simpson et al., 2019; Qeqe et al., 2022), few have explored the municipal-level financial consequences in 
detail. An empirical question dominating the discussion is: Does load shedding have long-run and short-
run effects on the financial performance of selected municipalities in KwaZulu-Natal, South Africa? The 
response to this question fills the gap in the body of knowledge. 

1. LITERATURE REVIEW

Financial distress arises when an institution’s cash 
flow becomes insufficient to meet its financial ob-
ligations, reflecting an inability to satisfy ongoing 
financial commitments (Hajek & Munk, 2024). 
Financial distress theory serves as a useful lens for 
analyzing the conditions under which an organiza-
tion, company, or institution faces financial crises. 
It provides a framework for understanding how 
financial constraints affect organizational perfor-
mance and how such challenges may be navigated. 
As noted by Anzak et al. (2023), this theory can 
act as an entrepreneurial catalyst, especially for 
institutions or individuals undergoing economic 
hardship. The experience of financial distress is 
not limited to individuals or private companies; 
it can also affect public institutions and even na-
tions. For example, the 2007–2008 global financial 
crisis saw numerous corporate and governmental 
entities plunge into distress (Aouaki & den Heijer, 
2009). Depending on the quality of management 
and decision-making, financial distress may ei-
ther serve as a turning point toward improvement 
or exacerbate existing vulnerabilities (Chrisantha 
& Suhartono, 2022; Mokoginta & Agung, 2022). 
Poorly managed distress often leads to rushed, un-
informed decisions that worsen the financial con-
dition. Conversely, effective management of such 
periods can strengthen risk management practic-
es and improve long-term resilience (Say, 2024).

In the South African context, financial distress 
among municipalities has become a pressing issue. 
By 2016, over 90% of South African municipalities 
were reported to be experiencing financial strain 
(Mbulawa, 2019), significantly undermining 
their service delivery capabilities. The underly-
ing causes are multifaceted and include declining 
revenue due to sluggish economic growth, poor 
financial management, irregular and wasteful ex-

penditure, corruption, and a lack of accountability 
(Glasser & Wright, 2020; Mbulawa, 2019; Mishi et 
al., 2022). While some improvements have been 
made, financial distress remains widespread, af-
fecting over 60% of municipalities as of 2023 
(McKenzie, 2023). This ongoing fiscal strain con-
tinues to hinder municipalities’ ability to provide 
essential services to their communities.

Given the socio-economic impact of load shedding 
in South Africa, innovative and transformative so-
lutions are essential. Disruptive innovation theory, 
introduced by Christensen (1997), offers a relevant 
framework. The theory explains how sophisticated 
and costly systems or products can be reimagined 
as simpler, more affordable alternatives that are 
widely accessible (Larson, 2016). While originally 
rooted in corporate and entrepreneurial contexts, 
the theory has since been extended to broader in-
stitutional and policy environments.

Applying this theory to South Africa’s electricity 
crisis suggests a need for systemic reform in ener-
gy production and distribution. Current reliance 
on Eskom as a single utility provider has proven 
unsustainable. Instead, the adoption of decentral-
ized energy systems, open-market electricity gen-
eration, and renewable energy technologies could 
fundamentally disrupt the status quo, improving 
supply, reducing costs, and enhancing system re-
silience (Wrigh, 2023). 

Electricity consumption is integral to municipal 
functioning and financial sustainability. In South 
Africa, municipalities serve as intermediaries, 
purchasing electricity from Eskom and reselling 
it to consumers. In the 2020/2021 financial year, 
municipalities spent ZAR 95.1 billion on electric-
ity and generated ZAR 118.1 billion in revenue, 
yielding a surplus of ZAR 23 billion to support 
municipal operations (Stats SA, 2022). However, 
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their reliance on electricity as a revenue source al-
so exposes them to significant financial risk, par-
ticularly during periods of load shedding.

Municipalities do not generate electricity; rather, 
they distribute it to households, businesses, and 
institutions. Consequently, rising electricity prices 
or load shedding can reduce demand, negatively 
affecting revenue (Masuku, 2024). Moreover, de-
teriorating municipal infrastructure, high levels of 
non-payment, inadequate technical capacity, and 
governance failures have weakened municipal 
electricity distribution systems (Pillay & Beharry-
Ramraj, 2024). These challenges not only compro-
mise service delivery but also heighten financial 
vulnerability. As municipalities depend on elec-
tricity revenues to finance public services, disrup-
tions in supply due to load shedding can signifi-
cantly erode their financial performance, exacer-
bating the distress already experienced by many 
local governments.

A growing body of literature examines how pow-
er disruptions affect financial performance at 
various levels. These impacts can be direct, such 
as lost revenue from halted services, or indirect, 
where load shedding undermines the economic 
activity that generates municipal income (e.g., 
taxes, service payments, and business licensing 
fees). Globally, studies confirm the positive rela-
tionship between reliable energy access and finan-
cial performance. Issa and Hanaysha (2023), using 
2SLS and OLS methods across 13 European coun-
tries, found that renewable energy availability sig-
nificantly improved company financial perfor-
mance. Similarly, Dorigoni and Anzalone (2024) 
used panel data to show that energy production 
increased return on assets and market valuation, 
albeit without affecting the cost of capital. In 
Africa, Sulong and Farouq (2021) found that en-
ergy access positively influenced financial perfor-
mance in oil-exporting countries, with the effect 
moderated by energy pricing. In Kenya, Kikanga 
et al. (2024) demonstrated that both excessively 
low and high energy prices hurt financial per-
formance, highlighting the importance of price 
regulation. In Ghana, Frederick and Adarkwah 
(2016) observed that load shedding reduced busi-
ness profitability, especially in areas with limited 
alternative power options. Similarly, Akyuz et al. 
(2020) found that in Niger, the cost of power out-

ages varied by business location and preparedness. 
Zhang et al. (2022), analyzing Chinese industrial 
firms, concluded that energy-saving measures had 
no significant impact on financial performance, 
underscoring that consistent energy availability is 
more critical than conservation alone. 

South African research aligns with the findings 
of Qeqe et al. (2022), who found that rising elec-
tricity prices eroded household purchasing power, 
indirectly reducing demand for other municipal 
services. Khobai et al. (2017) used VECM and 
ARDL models to show that load shedding nega-
tively affects both financial and economic perfor-
mance. Pillay and Beharry-Ramraj (2024) found 
that small businesses, particularly in their early 
stages, were especially vulnerable to load shed-
ding, often leading to failure within three years, 
thereby reducing municipal income from busi-
ness activity. Simpson et al. (2019), in their study 
of Cape Town municipalities, showed that load 
shedding reduced income from electricity sales, 
leading to a 2.68% revenue loss between 2018 and 
2019. The study also found that households and 
businesses increasingly adopted alternative ener-
gy sources, further reducing municipal electricity 
revenues. While long-run effects of energy supply 
vary, Guan et al. (2021) found that in developing 
countries, energy consumption had a short-run 
positive effect on financial performance, despite a 
long-run inverse relationship. These mixed results 
suggest the energy–financial performance nexus 
is context-specific. Musabayana (2023) highlight-
ed the indirect effects of load shedding, showing 
that it reduces business income, employment, and 
community purchasing power, further diminish-
ing municipal revenues.

Despite these insights, few studies have examined 
the direct impact of load shedding on municipal 
financial performance in South Africa. This gap 
underscores the significance of the present study, 
which seeks to contribute empirical evidence to 
inform more resilient municipal financial and 
energy strategies. Mabunda et al. (2023) explored 
the impact of load shedding on SMEs in Collins 
Chabane Local Municipality. Findings indicated 
severe income losses, inability to pay salaries, and 
workforce reductions, ultimately weakening the 
financial base on which municipalities depend. 
Similarly, Machimana et al. (2024) found that load 
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shedding disrupted scheduled water services in 
Greater Tzaneen Municipality, leading to revenue 
losses and impaired service delivery. 

In conclusion, no empirical study investigated both 
the long-run and short-run effects of load shed-
ding on the financial performance of municipali-
ties. Only Simpson et al. (2019) emphasized the 
contribution of electricity and water sales in gen-
erating income for different municipalities in Cape 
Town. Hence, there is a need for empirical evidence 
on this topic in KwaZulu-Natal, South Africa, to 
address the specific load shedding issues toward 
financial performance. This study aims to investi-
gate both the long-run and short-run effects of load 
shedding on the financial performance of selected 
municipalities in KwaZulu-Natal, South Africa. 

Grounded on the reviewed literature, the cen-
tral hypothesis of the study is that the disruptive 
load shedding in KwaZulu-Natal significantly 
decreases municipal financial performance as it 
reduces municipal revenue from electricity sales, 
while forcing municipalities to raise other service 
charges to fill the gap created by electricity rev-
enue shortfalls. The study analyzes the following 
hypothesis: 

H
0:
 Load shedding positively influences the mu-

nicipal financial performance in KwaZulu-
Natal, South Africa.

H
A
: Load shedding negatively influences the mu-

nicipal financial performance in KwaZulu-
Natal, South Africa.

2. METHODOLOGY 

To achieve the study’s empirical objectives, the 
Panel ARDL model and its associated Error 
Correction Model (ECM) were adopted to ex-

plore both the short-run and long-run dynamics 
between load shedding and municipal financial 
performance. Quarterly time series panel data 
covering the period 2016 to 2022 were used for 
analysis. The dependent variable, municipal in-
come (MINC), was used as a proxy for financial 
performance, and electricity supply (ELS), rep-
resenting the extent of load shedding, was em-
ployed as an independent variable. To enhance 
model specification and account for other in-
fluential factors, two control variables (employ-
ment (EMP) and business confidence (BCON)) 
were considered. These variables were incorpo-
rated due to their established importance in in-
fluencing financial performance at both munici-
pal and national levels.

Municipal income data (MINC) are measured in 
thousands of rands and sourced from Statistics 
South Africa (Stats SA), while electricity supply 
(ELS) is quantified in gigawatt-hours and ob-
tained also from Stats SA. Employment (EMP) is 
measured as the number of formally and infor-
mally employed individuals within the munici-
palities, and business confidence (BCON) was 
expressed as an index value reflecting prevail-
ing business sentiment. Both EMP and BCON 
variables were obtained from the South African 
Reserve Bank (SARB). The selected period, 2016 
to 2022, was informed by the data availability. It 
is important to clarify that employment (EMP) 
and business confidence (BCON) are control 
variables included to isolate the effect of the 
primary independent variable (electricity sup-
ply) on the dependent variable (financial perfor-
mance). As defined by Carlson and Wu (2012), 
control variables account for extraneous vari-
ance, often referred to as “nuisance” factors that 
could otherwise confound the results. Table 1 
displays selected variables.

Table 1. Description of variables
Variable Definition Unit adopted Source

Financial performance  

(income and expenditure) 

Total of income and expenditure from 

the municipality
Thousands of rands STATS SA database

Electricity 
Total electricity supplied by the 

municipality
Gigawatt-hours STATS SA database

Employment
Total number of employed people in the 

municipality’s labor force
Thousands SARB database

Business confidence
Standardized confidence indicator 
indicating future developments in 

business

Index SARB database
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2.1. Model selection and specification 

Although the literature presents several useful 
coinegration approaches, this study employs the 
Panel-Autoregressive Distributed Lag (PARDL) 
model, as proposed by Pesaran et al. (1999) and 
refined by Pesaran et al. (2001). The Panel-ARDL 
model was selected based on its flexibility, such as 
accommodating variables integrated either at the 
level, first difference, or both. Additionally, the 
model produces reliable results even when ap-
plied to a small sample. The subsequent model, 
expressed in equation 1, was established to evalu-
ate both short-term and long-term relationships 
among selected variables.

, ,

1 0

,
m n

ti ij i j j ij i t j i it

j j

Y Ø y X eβ ε− −
= =

= + + +∑ ∑  (1)

where Y
ti
 denotes the response variable; i repre-

sents the sum of examined municipalities (cross-
section) where i = 1, 2, 3,…, N; t denotes the time 
of the selected sample, X

it
 refers to kx1 vector of 

independent variables; β
ij
 represents the coeffi-

cient of the vector kx1; and Ø
ij
 represents the sca-

lar of the dependent variable; while e
i
 is the fixed 

effect of each vector. In the case that the bound 
test results indicate that I(1) variables cointegrate, 
then the I(0) process is adapted for the error term 
for all cross-sections (i). Subsequently, the error 
correction of short-run dynamics is estimated as 
follows: 

1

' *

, 1 , 1

1

1

,

0

,

p

ti ti i t i it ij i t

j

q

ij i t j i it

j

y Ø y X y

X

β λ

δ µ ε

−

− −
=

−

−
=

∆ = − ∆

+ + +

∑

∑
 (2)

where Ø
i
 denotes the speed of adjustment with-

in the error correction mechanism. For attain-
ing long-run equilibrium, it is essential for the 
coefficient of the error correction term to be sta-
tistically significant and exhibit a negative sign 
(Habanabakize, 2019). The short-run parameters 
are denoted by the vector β

i
’ and λ

ij
*. The lag se-

lection was performed using single-equation esti-
mation. To assess the impact of load shedding on 
financial performance in the selected municipali-
ties, equation 1 was improved, therefore equation 
3 was formulated. 

( )

( ) ( )

, ,

11

1 1

,

it I i t j i i t j

qP
i

j J it j t J
j j

i t

LINCEX LINCEX X

LINCEX X

u

θ β

γ δ

ε

− −

−−

− −
= =

∆ = −

+ ∆ + ∆

+ +

∑ ∑
 (3)

where LINCEX is the proxy for financial perfor-
mance of each municipality, X denotes the set of 
independent and control variables (load shedding, 
business confidence, and employment). The sort-
run coefficients are represented by γ and δ for de-
pendent and explanatory variables, respectively. 
Additionally, while the letter β denotes the long-
run coefficient, θ denotes the speed of adjustment 
towards the long-run equilibrium. Lastly, while i 
and t indicate municipality and time, respective-
ly, e and u represent error term and fixed effect, 
respectively.

2.2. Toda-Yamamoto (T-Y)  
Granger causality test

The presence of a long-term relationship be-
tween variables suggests the possibility of a 
causal relationship among those variables 
(Habanabakize & Dickason-Koekemoer, 2023). 
In this context, the causal relationship suggests 
that variable X exerts a causal influence on vari-
able Y, and vice versa. In other words, the past 
of one variable may be useful to explain the past 
of another variable (Granger, 1969). In addi-
tion to the Granger (1969) causality assessment, 
Toda and Yamamoto (1995) initiated another 
causality test. The latter includes an extra lag on 
integration order and uses the Block Exogeneity 
Wald, which provides a reliable causality result, 
irrespective of the variables’ integration order 
(Mehrara, 2014). The Wald approach used in the 
T-Y causality test is built on VAR and, with an 
additional lag, is expressed as follows: (k + d

max
), 

where k is the selected lags and d
max

 indicates 
the maximum integration order (Habanabakize 
& Dickason-Koekemoer, 2023). Therefore, the 
application of T-Y approach starts with the lag 
length estimation and then identifies the op-
timal integration order (d) of a given variable. 
The current study applied the T-Y causality test 
expressed as follows:
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where ∝
0
, λ

i
, δ

i
, η

i
 and π

i
 represent the estimated 

parameters, while k and d
max

 denote an optimal 
lag and the highest level of integration order in the 
model. The e

t
 represents the model’s error term. 

The H
0
 of T-Y suggests the absence of a causal ef-

fect from one variable to another.

2.3. Stationarity 

The validity and reliability of econometric estima-
tions largely depend on the characteristics of the 
analyzed variables. Thus, stationarity and unit 
root tests are indispensable. There exist two pri-
mary methodological approaches for stationarity 
testing, namely parametric and non-parametric. 
Parametric methods are mostly applied in disci-
plines where time is a central analytical dimen-
sion, such as accounting, economics, and finance, 
whereas non-parametric methods are frequently 
used in fields like electrical engineering that fo-
cus on frequency domain analysis (Bethea & 
Rhinehart, 1991). 

2.4. Panel unit root tests

The Panel-ARDL framework is effective and pro-
duces reliable results only when applied to vari-
ables integrated at level I(0), at first difference I(1), 
or a combination of both I(0) and I(1) (Samargandi 
et al., 2015). Consequently, conducting a unit 
root test is essential prior to estimating the Panel 
ARDL (PARDL) model, so as to ensure that no 
variable under investigation is integrated at the 
second order, I(2). To adequately address cross-
sectional dependence (which often exists in panel 
data), this study conducted panel unit root tests 

using first-generation methods, supplemented by 
second-generation tests for validation.

2.5. Levin, Lin and Chu (LLC) test

The Levin, Lin and Chu (LLC) panel unit root test 
was introduced by Levin et al. (2002) to rectify 
weaknesses when a unit root test is conducted for 
individual variables. Additionally, the Levin, Lin 
and Chu (LLC) test builds upon and improves the 
Dickey-Fuller test (B altagi, 2005). It is expressed 
as follows:

The null hypothesis H
0
: φ = 0.

The alternative hypothesis H
1
: φ < 0.

The subsequent econometric equation is employed 
to test the hypothesis

 , 1

1

 ,

   

 

n

it i i t k it k

k

it t it

Y Y Yα ϕ

δ θ ε

− −
=

∆ = + + ∅ ∆

+ + +

∑  (5)

where the first difference is symbolized by ∆, α
i
 and 

θ
t
 represent the time period and fixed effect, respec-

tively, while n symbolizes the optimal lag length. 
Accordingly, the null hypothesis for all i suggests that 
ρ = 0, while in the alternative hypothesis ρ < 0.

The adjusted t-statistic of the LLC test is specified as:

( ) ( )
*

2ˆˆ ˆ*

*
  ~ 0,1 .
P NTs p mT

p

t

t N
mT

µ
σε

σ
−−=




 (6)

The advantage of this unit root test is that it has 
two-way effects; that is, the model has unit-specif-
ic time effects and unit-specific fixed effects. The 
latter allows for heterogeneity, given that the co-
efficient of the lagged Y

i
 is restricted to become 

identical across all panel units. The tested series 
is stationary if ρ = 0 and not stationary if ρ < 0. 
In other words, the null hypothesis is dismissed 
in favor of the alternative hypothesis if the critical 
value is greater than the t-statistic at a 5% signifi-
cance level.

2.6.  Im, Pesaran and Shin (IPS) test

Im et al. (2003) introduced the Im, Pesaran and 
Shin (IPS) panel unit root test to overcome the 
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shortcoming of the LLC test, which does not ca-
ter for the heterogeneity coefficient of y

i, t–1
. The 

null hypothesis of Im, Pesaran and Shin (IPS) 
test suggests that each series in the panel has a 
unit root, while the alternative suggests that not 
series restrains unit root issues. Thus: 

H
0
: φ

i 
= 0 Ɐ

i
 for all i. 

H
1
: φ

i
 < 0 for at least one i. 

The IPS provides individual estimations for each 
i section and allows for separate specifications of 
lag lengths, variances of the residual, and para-
metric values. The hypothesis is tested using the 
following equation:

 , 1

1

.   
n

it i i i t k it k i it

k

Y Y Y tα ϕ δ ε− −
=

∆ = + + ∅ ∆ + +∑  (7)

The tested series is stationary if φ
i 
= 0 and is not 

stationary if φ
i
 <  0.

2.7. Breitung’s test

According to Baltagi (2005), the two previous pan-
el unit root tests (LLC and IPS) lose their efficacy 
due to their sensitivity toward both the sample (N) 
and time (T). To achieve efficient results, LLC and 
IPS require the used cross-section dimension (N) 
to be lower than the time dimension (T). Although 
the Breitung’s test uses a similar null hypothesis to 
those of LLC and ISP, the alternative hypothesis 
differs. The Breitung’s test is applied to the follow-
ing hypotheses: 

H
0
: Each series has a unit root.

H
1
: Each series is stationary.

As in the previous two tests, in Breitung’s test the 
series is stationary if ρ

i
 = 0 and is not stationary if 

ρ < 0. The difference between this test and others 
is that it is not sensitive to N and T in the sample. 

2.8. Test for cross-sectional 
dependence

The existence of cross-sectional independence 
in panel analysis increases the correlation be-

tween the panel data set and raises cross-sec-
tional error (Bonizzi, 2017). It is essential to rec-
ognize that independence across sections is gen-
erally assumed when the ARDL model is used 
through mean group (MG) and pooled mean 
group (PMG) approaches. The Pesaran crossed 
pendency (CD) test (Pesaran et al., 2004), the 
Friedman (1937) nonparametric test and the 
Frees test (Frees, 1995; Frees et al., 2004) are 
some of the tests suggested by Pesaran (2015) for 
assessing cross-sectional dependence. 

3. RESULTS  

AND DISCUSSION 

3.1. Descriptive statistics

The summary statistics in Table 2 suggest that 
LINCEX has the highest mean and maximum, 
while the variable LEMPL possesses the highest 
minimum and the highest standard deviation 
with the employed data set. This implies that 
over the analyzed period, LEMPL experienced 
the greatest changes compared to other vari-
ables in the sample. Considering the skewness 
results, the variables LBCOM and LELS are 
negatively skewed, while LINCEX and LEMPL 
are positively skewed. Additionally, based on 
their values, the data for LINCEX and LBCOM 
are highly skewed. Nonetheless, given that 
their values fall between –2 and +2, LBCOM, 
LINCEX, LELS, and LEMPL are normally dis-
tributed (Hair et al., 2017). The normality of 
the variables is confirmed by the J-B statistics 
and their associated probability values that 
exceed 0.05. The kurtosis result indicates that 
LBCON and LEMPL have a kurtosis value of 
1.979 and 1.903, respectively, falling between 
–2 and +2, proving a normal univariate distri-
bution of variables. Additionally, the kurtosis 
value of 2.566 suggests the persistence of a nor-
mal distribution for this variable, as the value 
is less than 3. Only LINCEX has a heavy tail as 
its kurtosis value is greater than 3. These find-
ings uphold the assumptions of the disruptive 
innovation theory (Hajek & Munk, 2024) and 
are overwhelmingly supported by the financial 
distress theory (Larson, 2016).
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Table 2. Summary statistics

Variable LINCEX LBCOM LELS LEMPL

Mean 5.586781 2.032168 3.998368 5.064398

Median 5.486726 2.033491 4.000781 4.803581

Maximum 7.312177 2.057413 4.028896 6.013228

Minimum 4.291569 1.946125 3.958946 4.395482

Std. Dev. 0.562231 0.018981 0.016330 0.566099

Skewness 1.669252 –1.073166 –0.260609 0.697580

Kurtosis 3.166981 1.979406 2.566198 1.902925

Jarque-Bera 2.913503 3.337785 2.485713 4.128645

Probability 0.232992 0.188456 0.288559 0.126904

3.2. Panel unit root 

This study employed diverse panel unit root tests, 
which are presented in Table 3. The results from 
LLC, Breitung, IPS, ADF, and PP indicated that 
all the null hypotheses of unit root in variables at 
levels were rejected, except for the LEMPL vari-
able. In other words, the data sample of the study 
contains a mixture of variables integrated at levels 
[I (0)] and those that become stationary after the 

first difference [I (1)]. These results support the use 
of PARDL for the cointegration test.

3.3. Optimal lag specification

The present study employed the Akaike 
Information Criterion (AIC) due to its proven 
capability to yield robust and dependable re-
sults, particularly when handling large datasets 
(Habanabakize, 2019). The application of the AIC 
identified 20 potential Autoregressive Distributed 
Lag (ARDL) models, eventually leading to the 
selection of the most appropriate model for this 
study’s data analysis (ARDL: 1, 1, 1, 1).

3.4. Panel ARDL cointegration  
and long-run relationship analysis

The results of the unit root tests indicated that the 
variables form a mixture of I(0) and I(1) variables. 
These results confirm that the PARDL is the most 
appropriate model to determine the cointegra-
tion amongst variables. Although the mean group 
(MG) and panel mean group (PMG) are often 
used in panel analysis, the estimation of the for-
mer approach is preferred over that of the latter. 

Table 3. Panel unit root results

Variables Deterministic term LLC Breitung IPS ADF PP Decision
Level

LINCEX 
Intercept 0.058* – 0.000*** 0.001*** 0.000***

I(0)
Intercept & Trend 0.014** 0.000*** 0.000*** 0.000*** 0.000***

LBCON 
Intercept 0.000*** – 0.000*** 0.000*** 0.000***

I(0)
Intercept & Trend 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

LELS 
Intercept 0.000*** – 0.000*** 0.000*** 0.000***

I(0)
Intercept & Trend 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

LEMPL 
Intercept 0.9995 – 1.0000 0.9903 0.8957

I(1)
Intercept & Trend 0.5733 0.9835 0.9831 0.9864 0.8897

First difference

LINCEX 
Intercept 0.0000*** – 0.000*** 0.000*** 0.000***

I(0)
Intercept & Trend 0.0000*** 0.000*** 0.000*** 0.000*** 0.000***

LBCON 
Intercept 0.000*** – 0.000*** 0.000*** 0.000***

I(0)
Intercept & Trend 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

LELS 
Intercept 0.000*** – 0.000*** 0.000*** 0.000***

I(0)
Intercept & Trend 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

LEMPL 
Intercept 0.000*** – 0.000*** 0.000*** 0.000***

I(1)
Intercept & Trend 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Note: *, **, and *** – p < 0.05, p < 0.01, and p < 0.001, respectively.
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According to Pesaran and Shin (1999), the PMG is 
preferred since it takes into account the parameter 
homogeneity and group-specific adjustments and 
produces robust estimates. The long-run relation-
ship results are presented in Table 4.

The estimated long-run results, as presented in 
Table 4, indicate that independent and control 
variables are statistically significant. This sug-
gests that fluctuations in electricity supply (the 
extent of load shedding) significantly influence 
municipalities’ financial performance in the long 
term. Among all explanatory variables, electric-
ity supply exerts the most pronounced influence 
on municipal financial performance, demonstrat-
ing a greater effect compared to employment and 
business confidence. Specifically, a 1% increase in 
electricity supply causes municipal financial per-
formance to increase by 3.5%, while a 1% increase 
in load shedding results in a corresponding 3% de-
crease in financial performance. Moreover, a 1% 
rise in employment and business confidence leads 
to approximately 0.18% and 1.33%, respectively, 
increases in financial performance. Given that 
improvement in electricity supply positively influ-
ences the municipalities’ financial performance, 
the latter is negatively associated with load shed-
ding. Consequently, the study’s null hypothesis 
is rejected in favor of the alternative hypothesis 
that suggests an inverse relationship between load 
shedding and financial performance.

The findings of this study are consistent with pre-
vious empirical research. For instance, Rao (2013) 
found that increased electricity supply enhances 
economic activity in India, thereby generating 
higher income levels. Similarly, Chakravorty and 
Pelli (2022) reported that improved electricity 
access contributes to increases in household in-
come and expenditure. In the context of the pres-
ent study, this translates into higher municipal 
income, as households purchase more electricity. 
In South Africa, Khobai et al. (2017) also found 

a positive relationship between electricity avail-
ability and financial performance, noting that 
electricity shortages adversely affect institutional 
financial health.

Although the influence of employment (LEMP) 
and business confidence (LBCON) on financial 
performance is less frequently examined in the 
literature, some relevant studies exist. Moradi 
and Nematollahi (2013) found evidence of a bidi-
rectional relationship between employment and 
financial performance, indicating a mutually re-
inforcing dynamic. Improved employment levels 
support financial growth, while enhanced finan-
cial performance creates opportunities for job cre-
ation. In light of these findings, South African mu-
nicipalities are urged to prioritize job creation ini-
tiatives, as a symbiotic relationship exists between 
employment and municipal financial sustainabil-
ity. These findings are overwhelmingly supported 
by Watson et al. (2005) as well as other research 
linked to municipal financial distress (Alaminos 
et al., 2018; Piermarini et al., 2023; Li et al., 2022; 
Antulov-Fantulin et al., 2021).

3.5. The error correction model (ECM) 
and short-run dynamics

The existence of long-run cointegration among 
the variables, ipso facto, requires the determina-
tion of short-run dynamics and the speed at which 
deviations from the long-run equilibrium are cor-
rected. This analysis is possible through the Error 
Correction Model (ECM) (Brooks, 2014). For the 
model to be valid, the ECT coefficient must be neg-
ative and statistically significant (Habanabakize 
& Zerihun, 2024). A positive ECT coefficient 
would indicate that the employed model is explo-
sive. As reported in Table 5, the ECT coefficient 
is –0.233105 and is statistically significant at con-
ventional levels. This satisfies the conditions for a 
valid ECM and suggests that approximately 23.3% 
of deviations from the long-run equilibrium are 

Table 4. Estimated long-run results

Variable Coefficient Std. Error t-Statistic Prob.*
LBCOM 1.326324 0.434948 3.049382 0.0025

LELS 3.496682 0.569072 6.144529 0.0000

LEMPL 0.181725 0.028602 6.353575 0.0000

Note: * p < 0.05, represents significance at a 5% level.
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corrected each quarter. Accordingly, it would take 
about four quarters or one year for the model to 
fully adjust to equilibrium after a shock. 

With regard to short-run dynamics, business con-
fidence and electricity supply have a significant 
impact on municipalities’ financial performance. 
Thus, a percent increase in business confidence will 
lead to approximately a 2.25 increase in municipali-
ties’ income and expenditures, while the latter will 
grow 0.56 percent in response to a percent increase 
in electricity supply. Employment (LEMPL) has no 
significant short-term effect on financial perfor-
mance within the assessed municipalities. This is 
because it takes time to create new jobs, and new 
employees need time to adjust their expenditures, 
which are later reflected in municipalities’ revenues 
and expenditures (financial performance). 

3.6. Toda-Yamamoto test results

When the autoregressive distributed lag (ARDL) 
model is chosen for cointegration analysis, the Toda-
Yamamoto causality test is favored instead of the tra-
ditional causality test based on Granger innovation. 
The reason is that the traditional Granger causality 
test works under the assumption that all the estimat-
ed series are stationary (Toda & Yamamoto, 1995). 
Therefore, in case the analyzed variables are a com-

bination of I(0) and I(1), the application of the tradi-
tional Granger causality test may provide erroneous 
results (Pesaran et al., 2001). The T-Y test results pre-
sented in table 6 confirm the short-run results pre-
sented in Table 4 as both suggest a short-run relation-
ship and causality between LINCEX and LELS. That 
is, unidirectional causation exists between those two 
variables as the LELS causes changes in LINCEX in 
the short run. Besides the causation between the re-
sponse and explanatory variables, there is also a one-
way causation or unidirectional causation between 
LELS, LBCOM, and LEMPL. In other words, the 
electricity supply causes short-term changes in busi-
ness confidence and employment. The results here 
indicate that the electricity supply has dominance as 
all variables under consideration are sensitive to its 
short-run changes.

3.7. Robustness and residual 
diagnostic tests

Guided by the results exhibited in Table 7, the 
estimated model passed all the diagnostic tests, 
as the probability value for each test is greater 
than 0.05, with the exception of the normality 
test, which has a p-value below 0.05. According 
to Kundu and Mishra (2011), it is difficult to fail 
to reject the null hypothesis of a normal distri-
bution in a large sample of data. Therefore, the 

Table 5. The error correction model (ECM) and short-run dynamics

Variable Coefficient Std. Error t-Statistic Prob.*
C 27.35633 2.356423 11.60926 0.0000

D(LBCOM) 2.250438 0.930734 2.417918 0.0163**

D(LELS) 0.561562 0.214434 2.618808 0.0345**

D(LEMPL) –5.988655 4.105739 –1.458606 0.1459

ECM –0.233105 0.097998 –2.378674 0.0348**

Note: *, **, and *** – p < 0.05, p < 0.01, and p < 0.001, respectively.

Table 6. Toda-Yamamoto Granger causality results 

Variable Dependent variable
Excluded LINCEX LBCOM LELS LEMPL

LINCEX –
0.013185 17.09388 1.997175

(0.9934) (0.0002) (0.3684)

LBCOM
3.498458

–
82.38235 1.448454

(0.1739) (0.0000) (0.4847)

LELS
9.563303 6.731758

–
7.022941

(0.0084)** (0.0345) (0.0299)

LEMPL
3.739196 2.719255 2.495300

–
(0.1542) (0.2568) (0.2872)

Note: *, **, and *** – p < 0.05, p < 0.01, and p < 0.001, respectively.
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findings of the study are trustworthy, even if the 
J-B null hypothesis is not rejected. 

3.8. Cross-section dependence test

In addition to the residuals diagnostic test, we 
employed the Pesaran cross-sectional depen-

dence test to confirm the reliability of the study 
findings. The null hypothesis suggests that vari-
ables are independent (with no cross-sectional 
dependence). The results in Table 8 confirm that 
variables are independent, as none of the null 
hypotheses in all three performed tests were 
rejected. 

CONCLUSION 

This study examined both the long-run and short-run effects of load shedding on the financial 
performance of selected municipalities in KwaZulu-Natal, South Africa. The findings indicate that 
load shedding significantly influences the financial performance of municipalities. Based on these 
findings, the study recommends a reduction in households’ and businesses’ dependence on power 
generated by Eskom by transitioning to alternative energy sources such as solar, wind, bioenergy, 
and thermal power. This would lower the national demand on Eskom, and, in turn, mitigate the 
frequency and severity of load shedding. 

This study makes several contributions. It advances the discourse on the relationship between load 
shedding and municipal financial performance. The paper provides evidence-based insights to 
guide policymakers and municipal leaders in formulating responsive and resilient strategies. It 
further highlights the importance of enhancing financial resilience at the municipal level in the 
face of persistent load shedding. This study contributes to the broader debate on energy governance 
and infrastructure investment in South Africa. It also addresses a significant gap in the literature 
by focusing specifically on the municipal-level implications of electricity shortages. 

This paper was subject to several limitations. Firstly, the analysis was restricted to selected munici-
palities within a single province. Secondly, the study employed proxy variables for both load shed-
ding and financial performance due to the unavailability of direct municipal-level data. Thirdly, 
the analysis was based on only three explanatory variables, whereas municipal financial perfor-
mance is likely influenced by a broader set of economic, social, and institutional factors. Thus, 
future studies should consider increasing the geographical scope, adopt a mixed methods design 
combining primary and secondary data, and lastly explore the impact of green energy adoption on 
municipal financial performance. 

Table 7. Diagnostic test results

Test Null hypothesis P-Value Conclusion

Jarque-Bera (JB) Residuals are normally distributed 0.017 Reject H
0

Lagrange Multiplier No autocorrelation 0.649 H
0
 not rejected

White Presence of homoscedasticity 0.098 H
0
 not rejected

Ramsey RESET The study parameters are stable 0.235 H
0
 not rejected

Table 8. Cross-section dependence test

Test T-Statistic Degrees of freedom Probability
Breusch-Pagan Lagrange Multiplier 0.812597 55 0.4164

Pesaran scaled Lagrange Multiplier 18.93464 – 0.9998

Pesaran cross-section dependence –0.983190 – 0.3255
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