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ABSTRACT

This study examines natural disasters’ short-run and long-run effects on economic
growth. We analysed insurance’s short-run and long-run role in the natural disaster-
economic growth nexus using 48 African countries from 2000 to 2020. Using a two-
step system GMM, the study revealed that natural disasters have a short-term
detrimental effect and a favourable long-term impact on economic growth. Regarding
the role of insurance in the relationship between natural disasters and economic
growth, it should be noted that while insurance and those affected have a positive
complementary effect on economic growth in the short run, the long-term effects of
insurance and natural disasters on economic growth are negligible. Therefore, regula-
tors must enforce periodic high regulatory capital requirements to ensure the financial
stability of insurance markets, especially the non-life market in Africa, and to enable
insurers to absorb the unforeseen shocks from natural disasters in Africa. Also, regula-
tors should create insurance coverage awareness through insurance education to pro-
mote insurance development and help reduce individuals’ and businesses’ financial
losses upon the occurrence of natural disasters.

IMPACT STATEMENT
During the previous decade, over three thousand annual natural disasters have dis-
placed millions, cost billions, and caused death, injury, and financial loss. These strain
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economies considerably. As high-income economies suffer from natural disasters, low-
income nations are more susceptible and over-rely on help and grants. Aid and subsi-
dies have failed to reconstruct economies following natural catastrophes; therefore,
loans and insurance are used. The findings reveal that natural disasters hurt economic
growth in the short term but help in the long term. Insurance and those affected have
a positive complementary effect on economic growth in the short run, but the long-
term effects are negligible. Thus, regulators and governments should safeguard the
financial viability of insurance markets, notably the African non-life market, to allow
insurers to withstand natural catastrophe shocks, especially in the immediate term. For
insurance development and to limit financial losses from natural catastrophes, regula-
tors and governments should educate the public about insurance coverage.
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1. Introduction

Recently, the world has been hit by a series of natural disasters associated with consequences such as
death, destruction, and damage to properties. According to the Centre for Research on the
Epidemiology of Disasters (2021), in 2019, about 396 natural disasters were reported in the Emergency
Events Database (EM-DAT), resulting in an average of about 11,755 deaths, 96 million affected persons,
and 130 billion US$ economic damage. Like the rest of the world, Africa has recently been hit with nat-
ural disasters. For instance, the 2017 flooding and mudslide in Sierra Leone, the 2019 cyclone Idai in
Mozambique, the 2017 storm Dimeo in Zimbabwe, the 2013 cyclone 3 A in Somalia, the 2010 storm
Hubert in Madagascar, and the 2010 drought in Somalia caused about 1141, 901, 251, 162, 120, and
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20000 deaths, respectively. This has led to the increasing concerns of individuals and economies dealing
with natural disaster events to minimise their adverse economic impact.

While there has been a lot of concern about natural disasters in general, it is still unclear about their
economic impact. Empirical literature concludes that the effect of natural disasters on economic growth
is through trade, employment, capital accumulation, and consumption (Bui et al., 2014; Gassebner et al.,
2010; Leiter et al, 2009; Warr & Aung, 2019). Some empirical literature concludes that natural disasters
positively affect economic growth (Ahlerup, 2013; Albala-Bertrand, 1993; Skidmore & Toya, 2002).
Ahlerup (2013) and Skidmore and Toya (2002) argue that economies attempting to rebuild after a nat-
ural disaster experience drive financial capital injection, technological advancement, quality structures,
and institutions. This leads to high productivity and economic growth. Others, on the other hand, con-
clude that natural disasters adversely impact economic growth (Klomp, 2016; McDermott et al., 2014).
These natural disasters result in loss of capital accumulation, loss of lives, and destruction of properties,
which reduce productivity, leading to a reduction in economic growth, and others finding no significant
effect (Guo et al, 2015). However, the missing link in the literature on the natural disaster-economic
growth nexus is the long-run relationship between natural disasters and economic growth and the role
of insurance and banks in the natural disaster-economic growth nexus. This study, therefore, seeks to fill
that gap on the role insurance plays in the natural disaster-economic growth nexus.

Following natural disaster events, one of the common risk management strategies to reduce the
impact of economic damage at the micro and macro levels is the immediate provision of capital, such
as aid and grants. These enable firms, individuals, and the government to reinvest in economic activity
to smoothen consumption for economic growth in the long run. Nevertheless, aid and grants have been
proven insufficient to rebuild an economy after natural disasters, leading to alternative funding sources
such as loans and insurance (Sseruyange & Klomp, 2021). Linked to this, Boissinot et al. (2016) argued
that the financial system is an important complement to climate policies. In addition to aid, insurance
and banks play an essential role in providing funds following natural disaster events. Insurance, for
instance, pays for losses such as property damage and loss of life. At the same time, banks also provide
loans to enable individuals, firms, and governments to rebuild themselves after natural disaster events.
However, this is possible with a well-developed and efficient banking and insurance sector. Linked to
this, Zhang and Managi (2020), Paleari (2018), and Melecky and Raddatz (2015) have empirically con-
firmed that the level of financial development is an essential factor in dealing with the economic dam-
age of natural disasters.

However, an empirical gap exists on the role of insurance in the natural disaster-economic growth
nexus and the long-run effect of natural disasters on economic growth (the long-run coefficients capture
the effect of natural disaster on economic growth beyond the study period), especially in Africa.
Therefore, this paper seeks to examine the role of insurance in the natural disaster-economic growth
nexus in Africa. First, this study on Africa is necessary because the most vulnerable population in disaster
events are in Africa. Secondly, the occurrence of natural disasters in Africa is likely to increase due to
the region’s growing population and climate change (Centre for Research on the Epidemiology of
Disasters, 2021). Third, insurance plays an intermediary role in providing financial services, driving invest-
ment, and ensuring efficient allocation of resources for growth (Alhassan & Biekpe, 2015). However, the
insurance market in Africa is relatively underdeveloped.

Using panel data from 48 African countries from 2000 to 2020 and two-step system Generalized
Method of Moments (GMM) (because it supports a dynamic model and is more robust to endogeneity,
autocorrelation, and heteroscedasticity biases), the study looks at how insurance, natural disasters, and
economic development all interact in Africa. Our findings show that natural disasters have a short-term
detrimental effect on economic growth. Nevertheless, natural disasters have a favourable long-term
impact on economic growth. Regarding the role of insurance in the relationship between natural disas-
ters and economic growth, it should be noted that while insurance and those affected have a positive
complementary effect on economic growth in the short run, the long-term effects of insurance and nat-
ural disasters on economic growth are negligible.

This study makes a significant contribution to empirical literature and policy-making. First, to the best
of our knowledge, this study is the first to introduce the moderating effect of insurance in a natural dis-
aster- economic growth nexus in the empirical literature. Also, from a policy standpoint, regulators
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should periodically impose high regulatory capital requirements to stabilise insurance markets, particu-
larly the non-life market in Africa, so that insurers can absorb the unexpected shocks caused by natural
disasters on the continent. Additionally, to promote insurance development and assist in reducing finan-
cial losses for individuals and businesses in the event of natural catastrophes, regulators should raise
awareness of insurance coverage through insurance education.

Following is the format for the remaining sections of the study: Section two examines the empirical
studies on financial development and natural disasters, as well as on insurance development and eco-
nomic growth, and Section three presents the methodology. Section four examines the findings, and
Section five concludes the study and offers some policy implications.

2 Literature review
2.1. Theoretical review

Hsiang and Jina (2014) and Lopez, Thomas, and Troncoso (2016) argue that in endogenous growth the-
ory, natural disasters initially have economic consequences both directly (death, displacement, and
damages) and indirectly (decreased productivity and loss of wages), but can also drive innovation,
human capital accumulation, and institutional improvements. Therefore, contributing to long-term eco-
nomic growth. Following the endogenous growth theory, Schumpeter (2013) creative destructive theory
found support for natural disasters as growth-enhancing indicators in the long run. Cavallo et al. (2013),
Khan et al. (2023) contend that the neoclassical growth theories, natural disasters have no significant
impact on economic growth, but growth is possible if economies move from a normal growth path,
Thus, the neoclassical theory advocates for risk management strategies such as insurance purchases,
government interventions and diversification of investments to reduce the vulnerability to natural
disasters

2.2. Natural disaster and economic growth

Most empirical studies on the relationship between natural disasters and economic growth conclude
that, in the short term, natural disasters have a detrimental impact on economic growth (Felbermayr &
Groschl, 2014; Hsiang & Jina, 2014; Lopez, Thomas, & Troncoso, 2016; Noy, 2009). Linked to this, empir-
ical evidence (Fomby et al., 2013; Noy, 2009) argues that developing economies are more sensitive to
the economic impact of natural disasters than developed economies due to financial constraints and
limited capacity. For instance, Zhang and Managi (2020) examined the effect of natural disasters on the
economic growth of Pacific small island developing states using a sample period of 1976 to 2014 and
concluded that these regions are more vulnerable to economic shocks following natural disasters. On
the other hand, however, some literature has argued that natural disaster drives economic growth
(Crespo Cuaresma et al., 2008; Loayza et al., 2012) due to the reinvestment in capital stocks and the use
of advanced technologies following disasters.

One interesting concern about natural disasters and the economic growth nexus is the long-run
economic effect of natural disasters, which is still not clear theoretically and empirically. This relation-
ship could be positive, negative, or have no significant impact in the long run (Cavallo et al., 2013;
Chhibber & Laajaj, 2013; Klomp, 2015; Noy & duPont, 2016). Berlemann and Wenzel (2018) argued
that the permanent negative impact of natural disasters on economic growth is due to a shift in the
growth paths of economies to lower-level equilibriums due to human resources and physical capital
damage. Furthermore, natural disasters are associated with high opportunity costs and the determent
of long-term investments. On the other hand, based on the endogenous growth models explained
by Schumpeterian creative destruction theory, natural disasters lead to reconstruction efforts, which
drive investments for high economic output in the long run. Due to reconstruction efforts that
increase investments and have ‘productivity benefits’ on the economy over the long term, such mod-
els suggest that growth in a disaster-affected area may accelerate after a negative shock (Chhibber &
Laajaj, 2013).
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2.3. Insurance and economic growth

In the financial and economic environment, insurance is a key driver of growth (Alhassan, 2016).
Insurance offers many benefits, such as providing indemnity for financial losses, driving investment, and
ensuring efficient resource allocation. However, the empirical literature on the effect of insurance on
economic growth provides inconclusive results. Some reveal a positive effect of insurance on economic
growth (Arena, 2008; Din et al., 2017; Ege & Bahadir, 2011; Hou et al., 2012; Tong, 2008). On the other
hand, others reveal that insurance adversely affects economic growth (Haiss & Slimegi, 2008), and others
also reveal a bi-directional relationship (Alhassan, 2016; Beck & Webb, 2003; Pradhan et al., 2015). Han
et al. (2010) examined the effect of insurance development on economic growth by employing a
dynamic panel of 77 countries for the study period 1994 to 2005. The authors concluded that insurance
development positively drives economic growth. Mohy Ul Din et al. (2017) Regupathi and Abu-Bakar
(2017), also confirmed a positive effect of insurance on economic growth in the long run for six coun-
tries, where they employed a panel auto-regressive distributed lagged (PMG/ARDL) method over the
sample period 1980 to 2015. They further concluded that trade openness and stock market development
are significant drivers of economic growth.

Apergis and Poufinas (2020) also confirmed a positive effect of insurance development on economic
growth using 27 OECD countries from 2006 to 2016. Despite the number of studies supporting the posi-
tive effect of insurance on economic growth, some literature reveals the opposite. For instance, Zouhaier
(2014) revealed that insurance adversely affects economic growth for economies whose insurance sector
development has passed the maximum development threshold. In support of the findings of Zouhaier
(2014) and Haiss and Sumegi (2008) argued that the negative effect of insurance on economic growth is
attributed to moral hazard and the measure for insurance. Lee et al. (2016) studied how the institutional
environment affects the insurance development-economic growth nexus using 40 countries from 1981
to 2010. They revealed that insurance has a negative effect on economic growth in economies with
weaker institutional environments.

Contrary to the causality from insurance development to economic growth as reported by most
empirical literature, Ward and Zurbruegg (2000) found that insurance drives economic growth for some
countries while for some countries, economic growth enhances insurance development using nine OECD
countries for the period 1961 to 1996 to test the link between insurance and economic growth. Similar
to Ward and Zurbruegg (2000), Chang et al. (2014) argued that the relationship between insurance and
economic growth differs amongst different economies. The authors use the bootstrap panel Granger
causality test on ten OECD nations to examine the relationship between insurance and economic growth
from 1979 to 2006. The study also concludes that while economic growth drives insurance in certain
countries, it does not necessarily do so in others when using life and non-life real insurance premiums
as indicators of insurance development. While examining the relationship between insurance penetration
and economic growth for 19 nations in the Eurozone from 1980 to 2014, Dash et al. (2018). Dash et al.
(2018) found a bi-directional relationship between insurance development and economic growth.

2.4. Financial development and natural disasters

Empirical studies have revealed the relevance of the financial system following disaster events (Boissinot
et al,, 2016; Paleari, 2018). Linked to this, some empirical studies, such as Toya and Skidmore (2007) and
McDermott et al. (2014), have concluded that the degree of natural disaster impact depends on the level
of financial development. Also, Klomp (2018) argued that natural disasters could affect the financial sys-
tem of economies because, following disasters, the withdrawal of deposits and demand for credit also
increase. This can then affect the solvency risk and credit risk of the financial system.

3. Methodology

This section presents the empirical model and the estimation strategy employed in the study.
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3.1. Empirical model

Due to the existence of a dynamic panel, endogeneity, cross-sectional dependency, and heteroscedastic-
ity (see Tables 3, 5, 6, and 7) in the dataset, from preliminary statistical analysis, the study adopted the
two-step system GMM. The empirical model is given by:
GDPj = By + 81 GDPyy + By Natural Disatery + (5 TradeOpenness;, + B4Infla;, + Bs ExchangR;,
+ B¢ Education years; + B, MCSy + B FDILi + vy (1)

GDP; = ag + ay GDPyy + aszNatural Disatery + B4Insurance Penertration;
+ as(Natural DisastersInsurance Penetmtion)it + a6 TradeOpenness;, + azInfla;,
+ agExchangeR;, + agEducation yearsy + anoMCSy + a1 FDI 4 €3 (2)

Following Qudrat-Ullah and Nevo (2021) and Paudyal et al. (2002), the long-run coefficients for the
significant natural disaster proxies will be estimated with the following formula;

B35 (Natural Disater;;)

3
16:(GDPj) 3

The long-run coefficients capture the effect of natural disaster on economic growth beyond the study
period (Qudrat-Ullah & Nevo, 2021). From Equations 1 and 2, GDP;, is the log of real gross domestic
product for country i at time t; GDPrat;; is the first lag of the log of real gross domestic product for
country i at time t; Natural Disater; for country i at time t is proxied by the total number of death,
total affected (sum of the number injured and the number of homeless) and the total number of dam-
ages from all natural disasters (earthquake, flood, drought, landslide, epidemic, extreme temperature
and storm); TradeOpenness; for country i at time t is measured as the ratio of the sum of imports and
exports to GDP; Infla,, is the inflation rate for country i at time t; EzchangR,, is the exchange rate for
country i at time t; Education years, of country i at time t is proxied with the compulsory education
duration years and primary education duration years. We use compulsory education duration years and
primary education duration years because most African countries have to implement compulsory educa-
tion at the basic level to meet sustainable development goals. Also, the majority of the citizens of
African countries mostly have only primary education. MCS;; is the mobile phone subscription per 100
persons for country i at time t, and this is used as a proxy for communication infrastructure; FDI; is
the foreign direct investment for country i at time t measured with the ratio of FDI inflows to gross
domestic product (GDP); Insurance Penertration; is the life and non-life insurance penetration for
country i at time t measured with the ratio of gross premiums to gross domestic product (GDP).

We expect the coefficient of GDPrate; to be positive in both Equations 1 and 2. Moreover, the coeffi-
cient of Natural Disater; in both Equations are expected to be negative because natural disasters cause
damages that slow down labour productivity leading to a decline in growth. Expected signs of
TradeOpenness,, coefficient in both Equations is positive because trade openness measures the level of a
country’s involvement in international trade. Therefore, a high level of trade openness implies increased
productivity, employment, investment and production efficiency, and easy access to international markets.

Furthermore, the coefficients of Infla;, and Education years; in both Equations are expected to be
negative because a high inflation rate increases the cost of borrowing and reduces returns on business
which discourages investment for economic growth. Also, long years of education imply a decline in the
active labour force, which reduces labour productivity, leading to a decline in economic growth.
Coefficients of MCS,;; and FDI; are expected to be positive in both Equations. This is because school
enrollment implies highly skilled human capital to drive productivity, and mobile phone user subscrip-
tions reduce transaction costs for operational efficiency. Also, FDI inflows create employment, transfer
technology, and drive productivity, increasing economic growth. Finally, positive expected signs for
insurance penetration and the interaction of insurance penetration and natural disaster. This is because
insurance provides indemnity for damages, enabling firms and individuals to start operations for
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Table 1. Variables description.

Variables Description Measure Source
GDP Gross Domestic Product Natural log of real GDP World Development
Indicator (WDI)
Natural disaster Natural disaster Death, Total damage amount Emergency Events Database
and total persons affected (EM-DAT)
Trade openness Trade openness ratio of sum of imports and WDI

exports to gross domestic
product (GDP)

Infla Inflation Inflation rate WDI

ExchangeR Exchange rate Exchange rate WDI

Education years Education years compulsory education duration WDI
and primary school duration

MCS Mobile phone subscription mobile phone subscription per WDI
100 persons

FDI Foreign direct investment FDI inflows as a percentage of WDI
gross domestic product (GDP)

Insurance Penetration Insurance Penetration life and non-life insurance WDI
penetration as a percentage
of GDP

productivity, which drives economic growth. A summarised description of the regression variables is pre-
sented in Table 1.

3.2. Estimation procedure

Panel data modelling has issues of unobserved heterogeneity, which is mainly addressed by taking the
first difference or using the demeaning process. However, the demeaning process to eliminate the unob-
served heterogeneity creates a correlation between the independent variables and the error term, which
results in bias and inconsistent estimates (Nickell, 1981) following the subtraction of the mean values of
the dependent and independent variables from the respective variables. An alternative to the demean-
ing process to address its drawback is the first difference, which removes the constant term and the
unobserved heterogeneity. However, there is an endogeneity issue following the inclusion of the lagged
dependent variable (Blundell et al., 2001; Bond, 2002).

Therefore, the ordinary least squares (OLS), generalised least squares (GLS), and within-group (WG)
estimators provide a bias and inconsistent estimate in such situations. As a result, Anderson and Hsiao
(1981) proposed the instrumental variable estimator by using the second and third lags as instruments
for the lagged dependent variable. However, this estimation technique produces a biased and inconsist-
ent estimate when the dynamic panel has a large number of entities (N) and small time series observa-
tions (T) (Ahn & Schmidt, 1995; Alonso-Borrego & Arellano, 1999; Bond, 2002).

Also, another drawback of the instrumental variable estimator is that it fails to exploit all the instru-
ments for the endogenous variables and cannot address heteroscedasticity (Arellano & Bond, 1991). The
dynamic panel model estimator (differenced generalised methods of moments (GMM) proposed by
Arellano and Bond (1991) addresses these drawbacks and also allows for the use of external instruments
to produce a more efficient and unbiased estimate.

However, the Arellano and Bond (1991) approach eliminates time-invariant regressors, which are
addressed by Arellano and Bover (1995) and Blundell and Bond (1998) using the system GMM. The sys-
tem GMM and Arellano and Bond (1991) approaches are used in situations when; (1) panel data has a
large number of entities but a small time series, (2) the model is dynamic; thus, a lagged dependent
variable has a predictor power, (3) independent variables are not strictly exogenous, (4) fixed individual
effects and, (5) evidence of heteroscedasticity and cross-section dependency.

This present study also uses system GMM for the regression analysis because system GMM is more
robust to endogeneity, autocorrelation, cross-section dependency, and heteroscedasticity. Secondly, the
high correlation coefficient (0.9997) (see Table 3) between the dependent variable and its lag shows per-
sistence in the model. According to Asongu, LeRoux and Nwachukwu (2019), a correlation coefficient
between the dependent variable and its lagged model above 0.8 shows persistency in the model. Third,
the number of entities in the panel data is greater than the number of time series observations. Finally,
the study aims to find long-run estimates of natural disasters’ effects on economic growth.
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Table 2. Descriptive statistics.

Variable Obs Mean Std Min Max
GDP(log) 1,080 3.975 7.047 62.076 123.140
Death 1,134 127.112 828.197 0 20011
Affected 1,134 296261.4 1106602 0 1.50e 07
Damage 1,134 19742.75 227990.2 0 7034506
Trade openness 879 0.149 0.394 0.001 3.140
Inflation 1,015 8.963 27.708 9.798 513.907
Exchange rate 1,097 4.637 2378 3.113 22.629
Compulsory education 1,134 6.608 3.595 0 12
Primary education 1,134 6.095 0.528 4 7
mobile subscription 1,090 50.094 44.544 1 198.152
FDI 1,041 4.527 7.983 11.625 103.337
Life penetration 772 0.755 1.949 0.00 15.381
Non-life Penetration 817 0.719 0.508 0.003 3.031

Note. GDP Gross domestic product; FDI Foreign direct investment.

Table 3. Correlation matrix.

growth L.growth Death Affected Damage Non-life Trade O Inflation ExchangeR CompulsoryEdu Primaryedu Mobile FDI

growth 1

L.growth 0.9997 1

Death 0.003  0.002 1

Affected 0.053  0.056 0.09 1

Damage 0.044 0.043 0017 0062 1

Non-life 0372 0.369 0.086 0.012 0045 1

Trade O. 0.629 0.635 0.024 0026 0034 0113 1

Inflation 0.030 0.078 0.004 0.074 0.007 0.080 0.024 1

ExchangeR 0712 0713 0.088 0.032 0053 0474 0494 0.101 1

CompulsoryEdu 0.071  0.063 0.039 0132 0.025 0.070 0.036 0.057 0.002 1

Primaryedu 0.166  0.167 0.009 0.094 0.019 029 0.083 0.107 0.240 0.184 1
Mobile 0.061 0.068 0.091 0.088 0002 0342 0222 0.114 0.215 0.222 0.105 1
FDI 0.206 0.214 0.020 0026 0011 0077 0.193 0.035 0.056 0.045 0.054 0.028 1

NB:Trade O.trade openness; ExchangeR exchange rate; CompulsoryEdu compulsory education duration; Primary edu primary education dur-
ation; Mobile mobile users subscription.

System GMM uses both internal and external instruments. The internal instruments are the lags of
the endogenous variables, and the external instruments are the exogenous regressors (Baum, 2013).
Therefore, for this study, the internal instruments are the lags of the endogenous variable, and the exter-
nal instruments are the exogenous regressors.

4. Data and preliminary statistical analysis
4.1. Data

48 African countries for the study period 2000 to 2020 are used for the regression analysis in this study.
Data for a natural disaster is sourced from the Emergency Events Database (EM-DAT), while data on
development indicators is obtained from the World Development Indicators. The Emergency Events
Database (EM-DAT) contains data on disasters resulting from natural events, technology, and complex
disasters. However, for the purpose of this study, only disasters from natural events are considered.

4.2. Descriptive statistics

The descriptive statistics of the regression variables are presented in Table 2. This includes the regression
variables’ sample observation, mean, standard deviation, and minimum and maximum. From Table 2, on
average, the economic market size of African countries grows by 3.98% for the study period 2000 to
2020. This shows a low growth rate relative to developed economies that record double-digit economic
growth rates. For the same study period, during natural disasters, on average, about 127 and 296261
people died and got affected, respectively. The affected include those who get injured and those who
become homeless during natural disasters. The average economic damage from natural disasters costs
about $19742.75.
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For the regression analysis, the outcomes of natural disasters (death, total affected, and total damage)
are divided by the urban population to obtain the rate of the disastrous outcomes. Urban population is
used because the growth of the urban population in Africa produces a greater percentage of people who
are vulnerable to natural disasters (Centre for Research on the Epidemiology of Disasters, 2021; Skidmore
& Lim, 2020). In addition, a summary of compulsory education duration and primary education shows
that, on average, the number of years for primary education and compulsory education is six years. Also,
it is observed that there are potential outliers in trade openness, inflation, and exchange rate, so these
variables are winsorized at the 10" and 95" percentiles, 10" and 95" percentiles, and 25" and 75" per-
centiles, respectively, for the regression analysis based on the details of the summary statistics. For the
regression results, 48 African countries were used in this study due to missing data points.

4.3. Preliminary statistical analysis

Before the regression analysis, a correlation matrix is performed to check for multicollinearity, and this is
presented in Table 3. From Table 3, all the correlation coefficients are less than 0.5. This implies that
there is no evidence of multicollinearity with the independent variables, and this is confirmed by the
variance inflation factors, where all the variance inflation factors are less than 10 in Table 4. The high
correlation coefficient between the lag of GDP and itself (0.999) shows a dynamic model.

Another condition for a system GMM estimator is the evidence of fixed individual effects. Therefore,
evidence of fixed individual effects is presented using the Hausman test in Table 5. In Table 5, the sig-
nificance of the p-values under all the models for the effect of natural disasters on economic growth
and the role of insurance on the effect of natural disasters on economic growth show a rejection of the
null hypothesis that a random effect is appropriate to conclude that a fixed individual effect is appropri-
ate. This implies that all the regression models under the effect of natural disasters on economic growth
and the role of insurance on the effect of natural disasters on economic growth have fixed individual
effects.

Furthermore, tests for cross-section and heteroscedasticity using the Peasaran test for cross-section
dependencies and the Greene test for heteroscedasticity are presented in Tables 6 and 7 respectively.
These results provide another justification for the use system GMM. From Tables 6 and 7, there is evi-
dence of cross-section dependencies and heteroscedasticity across all the models. Evidence of fixed
effects, heteroscedasticity, and cross-section dependencies justifies the use of system GMM for a more
robust analysis, aside from the model being dynamic. Also, system GMM is used in this study
because T N.

4.4. Empirical analysis

This section presents the empirical results of the short and long-run dynamic model estimates of the
effect of natural disasters on economic growth and the role of insurance on the effect of natural

Table 4. Varaince inflation factor (VIF).

With Insurance Without Insurance

Variable VIF 1/VIF VIF 1/VIF
GDP 3.79 0.264 2.99 0.334
Exchange rate 3.6 0.278 2.8 0.357
Non-life insurance 2.87 0.348

Life insurance 2.68 0.373

Trade openness 1.98 0.505 1.74 0.574
Primary education(years) 1.51 0.663 1.37 0.730
Mobile subscription 138 0.727 132 0.755
Compulsory education(years) 1.36 0.735 137 0.732
Inflation 13 0.768 1.22 0.822
Foreign direct investment 1.14 0.873 1.16 0.863
Affected 1.14 0.874 1.05 0.954
Damage 1.1 0.908 1.01 0.991
Death 1.05 0.952 1.03 0.972
Mean 1.92 1.55

Note. GDP Gross domestic product; FDI Foreign direct investment.
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Table 5. Hausman specification test.

Models Hausman-Test Statistics
Model 1 43.24%*
Model 2 42.98%*
Model 3 42.32%*
Model 4 39.61%*
Model 5 4435%*
Model 6 46.04**

** denotes 5% significance level.

Table 6. Pesaran cross section (CD) dependence test.

Variable CD-test
Growth 127.768**
Death 6.538%*
Affected 1.72
Damage 1.473
Non-life insurance 5.759%%*
Trade openness 67.503**
Inflation 24.586**
Exchange rate 40.399**
Compulsory education years 94.386**
Primary education years 0.192
Mobile users subscribers 154.547**
FDI 6.689%*

** denotes 5% significance level.

Table 7. Greene test for heteroscedasticity.

Models Heteroscedasticity y2-statistics
Model 1 81898.80**
Model 2 81777.92**
Model 3 81769.57**
Model 4 14533.67**
Model 5 14550.22**
Model 6 14516.38**

** denotes 5% significance level.

disasters on economic growth. The significance of the results is justified at a 5% significance level due
to its high explanatory power.

4.4.1. Regression analysis of the effect of natural disasters on economic growth

Models 1, 2 and 3 under Table 8 present the empirical results on the effect of natural disasters on eco-
nomic growth using the number of deaths (death), the number of people affected (affected), and total
damage (damage), respectively, as proxies for natural disasters. In contrast, Table 9 provides dynamic
long-run estimates of the link between natural disasters and economic growth by focusing only on the
significant natural disaster variables in Table 8. The significance of the results is selected at 5% because
it has more predictive power.

From Table 8, the significant p-value of the F-statistics across the models shows that the regression
models are valid and reliable. Also, the insignificant p-value of the Hansen J test indicates that the
instruments (18 instruments) used in regression analysis are valid, and the instruments (18) being less
than the number of countries (48) confirms the validity of the system GMM model used. The significant
positive relationship between the dependent variable (economic growth) and its lag in Table 8 confirms
that the model is dynamic. Also, death, the total number affected, damage, primary education duration
years, mobile phone subscriptions, inflation, and the exchange rate significantly negatively affect eco-
nomic growth at a 5% significance level. On the other hand, FDI is positively significant at 5% across all
models, while trade openness has a significant positive impact on economic growth only under models
1 and 3 at a 5% significance level.

The long-run effect focus is only on the significant variables of the natural disaster, as presented in
Table 9. In Table 9, the total number of deaths, individuals affected, and total damage have a significant
positive long-run effect on economic growth.
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Table 8. Effect of natural disaster on economic growth.
(1) ) 3)

Variables 1 2 3
Constant 1.434%%* 1.460** 1.482%*
(0.486) (0.493) (0.485)
L.GDP 1.072%* 1.072%* 1.073%*
(0.012) (0.012) (0.019)
Death 0.212%*
(0.091)
Affected 0.005**
(0.002)
Damage 0.043**
(0.011)
Trade openness 0.478** 0.499 0.503**
(0.225) (0.252) (0.241)
Inflation 0.001** 0.001** 0.001%**
(0.001) (0.001) (0.001)
Exchange rate 0.0371** 0.023** 0.030%*
(0.0106) (0.0109) (0.0108)
Compulsory education duration 0.003 0.003 0.003
(0.002) (0.002) (0.002)
Primary education duration 0.054%* 0.052%* 0.055%*
(0.013) (0.013) (0.013)
Mobile phone subscriptions 0.001** 0.001** 0.001%**
(0.001) (0.001) (0.001)
FDI 0.001** 0.007%** 0.001%**
(0.001) (0.001) (0.001)
F-statistics 1623.91%* 1644.97** 1604.47**
AR(2) (Prob z) 0.360 0.365 0.360
Hansen J (Prob x?) 0.925 0.932 0.960
Instruments 18 18 18
Observations 783 783 783
Number of Countries 48 48 48

Note. GDP Gross domestic product; FDI Foreign direct investment.
Robust standard errors in parentheses.
** denotes 5% significance level.

Table 9. Long-run dynamic panel estimates of the effect of natural disaster on economic growth.
VARIABLES Long-Run Estimates

Death 2.960**
(1.180)

Affected 0.069**
(0.028)
Damage 0.591**
(0.231)

** denotes 5% significance level.

4.4.2. Regression analysis of the role of insurance on the natural disaster and economic growth
nexus

Regarding the role of insurance in the natural disaster-economic growth nexus, insurance in this study is
non-life insurance because non-life insurance responds more to catastrophic events than life insurance.
Models 4, 5 and 6 under Table 10 present the role of non-life insurance in the natural disaster-economic
growth nexus, while Table 11 provides the dynamic long-run estimates of the role of non-life insurance
in the natural disaster-economic growth nexus by focusing only on the significant interactive terms in
Table 10. The significance of the results is selected at 5% because it has more predictive power.

From Table 10, the significant p-value of the F-statistics across the models shows that the regression
models are valid and reliable. Also, the insignificant p-value of the Hansen J test shows that the instru-
ments used in regression analysis are valid. The significant positive relationship between the dependent
variable (economic growth) and its lag across all models under Table 10 also confirms that the model is
dynamic. Also, death, damage, trade openness, FDI, and exchange rate do not significantly impact eco-
nomic growth, which is different from the results in Table 8. This may be due to adding the interactive
term and the insurance variable. Also, insurance does not significantly affect economic growth across all
the models. However, the adverse effects of natural disasters proxied by total affect, primary education
duration years, mobile phone subscriptions, and inflation on economic growth are consistent with the
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Table 10. The role of insurance in the natural disaster and economic growth nexus.
@) (5) (6)

VARIABLES 4 5 6
Constant 1.069 1.179 1.177
(0.588) (0.643) (0.652)
L.GDP 1.059%* 1.064** 1.064**
(0.023) (0.025) (0.026)
Death 0.245
(0.697)
Affected 0.014%*
(0.005)
Damage 0.104
(0.274)
Non-life insurance 0.023 0.025 0.025
(0.021) (0.021) (0.021)
Death*Non-life insurance 0.134
(1.167)
Affected® Non-life insurance 0.014**
(0.007)
Damage* Non-life insurance 0.243
(0.191)
Trade openness 0.453 0.474 0.473
(0.236) (0.251) (0.256)
Inflation 0.007%** 0.001** 0.007**
(0.001) (0.001) (0.001)
Exchange rate 0.033 0.034 0.034
(0.018) (0.018) (0.018)
Compulsory education duration 0.004** 0.004** 0.004**
(0.002) (0.002) (0.002)
Primary education duration 0.056** 0.057** 0.057**
(0.018) (0.020) (0.021)
Mobile phone subscriptions 0.001** 0.001** 0.001**
(0.001) (0.001) (0.001)
FDI 0.001 0.001 0.001
(0.001) (0.001) (0.001)
F-statistics 1086.58 763.83 1532.05
Prob F 0.000 0.000 0.000
AR(2)(Prob z) 0.515 0.574 0.543
Hansen J (Prob x?) 0.897 0.889 0.890
Instruments 16 16 16
Observations 650 650 650
Number of countries 42 42 42

Note. GDP Gross domestic product; FDI Foreign direct investment. Robust standard errors in parentheses ** denotes 5% significance level.

Table 11. Long-run dynamic panel estimates of the role of insurance on the natural disaster and economic growth
nexus.

Variable Long-run estimate
Affected® Non-life insurance 0.227
(0.139)

results under Table 8, as discussed previously. On the interactive term, non-life insurance does not sig-
nificantly moderate the effect of death and damages following a disaster on economic growth.
However, non-life insurance positively and significantly moderates the effect of total affected on eco-
nomic growth following disaster events at a 5% significance level.

On the long-run estimates in Table 11, non-life insurance does not significantly moderate the effect
of the total affected on economic growth in the long run.

4.5. Discussion of results

In Tables 8 and 10, the significant negative impact of natural disaster variables on economic growth
across all the models implies that the occurrence of natural disasters would result in loss of capital accu-
mulation, loss of lives and destruction of properties which reduces productivity leading to a reduction in
economic growth in the short run. This finding is consistent with prior literature (Dugi et al., 2021;
Joseph, 2022; Klomp & Valckx, 2014; Qureshi et al, 2019; Songwathana, 2018), which also concluded
that natural disasters adversely affect growth in the short run. On the control variables, the negative
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effect of human capital (primary school education and compulsory school duration) on economic growth
in Tables 8 and 10 may be explained by the reduction in the number of the active labour force available
due to long years of education, which may lead to a reduction in labour productivity. Therefore, a fall in
economic growth. This contradicts previous literature on human capital on economic growth (Fang &
Chen, 2017; Qadri & Waheed, 2013), which revealed that human capital drives innovation and manager-
ial capability for enhanced growth. Also, the negative effect of mobile phone subscriptions on economic
growth may be due to the high mobile user cost associated with using mobile phones in Africa. The
negative effect of inflation on economic growth in Table 8 is consistent with the regression results in
Table 10. This implies that high inflation reduces economic growth because a high inflation rate implies
a high cost of borrowing, slows down business activities and reduces investment returns, discouraging
investment. Therefore, leading to an adverse impact on economic growth. This result also confirms pre-
vious studies such as (Mengistu, 2009; Reece & Sam, 2012) that revealed a negative effect of inflation on
economic growth. Furthermore, higher trade openness (see Tables 8 and 10) is widely acknowledged to
boost economic growth by boosting productivity, employment, investment, and production efficiency
and improving access to foreign markets. This confirms existing literature (Fang & Chen, 2017; Huchet-
Bourdon et al.,, 2018; Keho, 2017; Ulasan, 2015) on the positive effect of trade openness on economic
growth. Finally, the positive effect of FDI on economic growth (see Tables 8 and 10) may be explained
by the employment opportunities, tax revenue and high productivity associated with FDI inflows. This
confirms existing literature on FDI and economic growth (Dinh et al., 2019; Osei & Kim, 2020).

Furthermore, the insignificant impact of non-life insurance on economic growth under Table 10
shows that the significance of insurance in national output may depend on other factors or may be due
to the underdeveloped nature of the insurance sector in Africa. This finding is consistent with Haiss and
Sumegi (2008) and Omoke (2012). Also, the positive interactive term of non-life insurance and affected
economic growth indicates that insurance and natural disaster are complements in driving economic
growth. This is because, after natural disaster occurrences, non-life insurance especially provides financial
indemnification for losses, which helps affected individuals and firms rebuild their economic activities for
more productivity and leads to higher output. This finding is consistent with Toya and Skidmore (2007)
and McDermott et al. (2014), who revealed that financial institutions are relevant for economic growth
following natural disasters.

For the long-run effect of natural disaster (for only significant natural disaster variables in Table 8) on
economic growth in Table 9, the total number of deaths, individuals affected, and total damage have a
significant positive long-run effect on economic growth. This finding supports the Schumpeter creative
destruction hypothesis, similar to previous empirical findings like Chhibber and Laajaj (2013) and
Qureshi et al. (2019). This positive long-run effect of natural disasters on economic growth may be
explained by reconstruction efforts by affected economies that drive financial capital injection, techno-
logical advancement, quality structures, and institutions, leading to high productivity and economic
growth. For the long-run moderating effect of natural disaster and insurance on economic growth (for
only significant natural disaster-insurance interactive terms in Table 10) on economic growth in Table
11, insurance is not significant enough to complement the effect of disaster in Africa. This may be due
to Africa’s underdeveloped insurance sector and the short-term nature of the non-life insurance
business.

5. Conclusions and recommendations

This study examined the effect of natural disasters on economic growth and the role of insurance. From
the regression results, natural disaster, inflation, longer primary education duration, longer compulsory
education duration, and high mobile user costs inhibit economic output. However, trade openness and
FDI drive economic growth. In the long-run, natural disaster positively affects economic growth due to
the reconstructive efforts which drive financial injections for economic activities.

Furthermore, non-life insurance has no significant effect on economic growth, but insurance and nat-
ural disaster (total affected) are complements in driving economic growth. In the long run, non-life insur-
ance and disaster have no complementary effect on economic growth. From the conclusions of this
study, regulators and governments should ensure the financial stability of insurance markets, especially



COGENT ECONOMICS & FINANCE . 13

the non-life market in Africa, to enable insurers to absorb the unforeseen shocks from natural disasters
in Africa. Also, regulators and governments should create insurance coverage awareness through insur-
ance education to promote insurance development and help reduce individuals’ and business’ financial
losses upon the occurrence of natural disasters. Also, funds should be set aside for self-insurance in add-
ition to insurance to be able to cope with the long-run effects of natural disasters.
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