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Abstract
This research estimates the effect of climate change on bank performance by consid-
ering the mediating role of natural disasters via unbalanced panel data from 2005 to 
2018 in 127 countries. Moreover, this paper uses forest land, carbon dioxide emis-
sions, and temperature change to measure climate change, takes economic loss and 
the number of deaths as costs of natural disasters, and utilizes the non-performing 
loan ratio and the ratio of bank capital to assets as bank performance. The follow-
ing conclusions are reached according to our empirical evidence. First, forest land 
has a strong negative effect on the non-performing loan ratio. Second, forest land 
decreases the economic losses and deaths due to natural disasters, and natural dis-
asters also decrease banks’ non-performing loan ratio. We also find that forest land 
increases the ratio of bank capital to assets through decreasing natural disasters. 
Third, there is a significant mediating effect of climate change on bank performance 
via natural disasters in high-income countries, but not in low-income countries. 
Finally, the decline of forest land and the rise of carbon dioxide emissions both have 
significantly positive effects on man-made disasters, which increase banks’ non-per-
forming loan ratio and decrease the ratio of bank capital to assets. One policy impli-
cation is that improving climate change, preventing natural disasters, and promoting 
financial institutions can help decrease the economic losses of natural disasters and 
banks.
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1  Introduction

Climate change has been constantly affecting the environment, production, and life 
in the world, and the average global temperature in 2019 is 1.1 degrees higher than 
that of the pre-industrial period. In fact, 2015–2019 was the hottest five years on 
record, and 2010–2019 was the hottest decade on record.1 High temperatures also 
create excellent conditions for forest fires. Moreover, climate change analysis from 
the National Aeronautics and Space Administration (NASA) shows that ice in the 
Arctic is melting at a rate of 13.2% per year. Xi et  al. (2012) point out that for-
est ecosystems can prevent typhoons and earthquakes. Furthermore, the increase 
of carbon dioxide emissions, caused by forest fires, vehicles, and industries, also 
leads to the greenhouse effect, which further raises global temperatures (Lashof and 
Ahuja 1990; Fu et al. 2020; Chang and Zhang 2020). Changes in forest land, carbon 
dioxide emissions, and temperature affect glaciers, rainfall, warm and humid airflow, 
and even atmospheric pressure, which can increase the frequency of earthquakes, 
droughts, floods, landslides, and storms. High temperature can even accelerate the 
spread of virus, which may cause epidemic (Chang and Berdiev 2015; Zickfeld et al. 
2016; Harmooshi et al. 2020). The changing of atmosphere may affect the absorp-
tion of the sunlight and alter the geothermal energy, which result in crustal move-
ment and volcanic eruption.

Natural disasters can cause the collapse of residents’ houses and enterprises’ fac-
tories and threaten human health and lives. Residents and enterprises might then 
not be able to repay loans, borrow more money from banks, or take out their bank 
deposits in order to maintain their living standard and production (Adebisi and Mat-
thew, 2015; Amin et al. 2019). Climate change along with forest land, carbon diox-
ide emissions, and temperature change may exhibit impacts on bank performance 
through natural disasters (Levy et  al. 2016; Cortés and Strahan 2017). Moreover, 
countries with different income levels suffer from different damage risks due to 
natural disasters (Kellenberg and Mobarak 2008). This present research argues that 
climate change may bring about the occurrence of natural disasters, and then natu-
ral disasters affect bank performance—namely, natural disasters are the mediating 
variables between climate change and bank performance. It is important to study the 
mediating effect of climate change on bank performance through natural disasters 
and to analyze the different influences by considering income heterogeneity.

Disasters consist of natural disasters, which may be caused by mother nature, and 
man-made disasters, which are mainly produced by human activities. Man-made 
disasters include industrial accidents, transport accidents, and miscellaneous acci-
dents according to the description of EM-DAT (international disasters database), 
which can be divided into fire, explosion, collapse, air, gas leak, chemical spill, oil 
spill, and so on. Does climate change also affect man-made disasters? The answer 
is most likely yes. Extreme high temperature may directly cause fires and impair 
plant equipment and vehicles, which can lead to industrial accidents and transport 
accidents (Labovská et al. 2014). Heavy rain, snowstorms, and strong wind may lead 

1  Source: Statement on the State of the Global Climate Situation in 2019, proposed by World Meteoro-
logical Organization.
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to electrical short circuits and fires and also increase the operation errors of drivers 
of vehicles such as cars and trucks as well as pilots of ships, which could result in a 
gas leak, oil leak, and so on. Hence, climate change has an effect on natural disas-
ters and man-made disasters and is bad for bank performance by leading to property 
losses for residents and enterprises.

Our first purpose is to study the relationships among climate change, natural dis-
asters, and bank performance. There is already a large amount of research about 
the influence of climate change on natural disasters (Hirsch and Ryberg, 2012; 
Khan et al. 2015; Sant’Anna 2018), and the literature has also analyzed the relation 
between natural disasters and bank performance (Brahmana et al. 2016; Mourouz-
idou-Damtsa 2019). However, scant studies have looked into how climate change 
affects bank performance, such as the mediating effect of natural disasters, and that 
different climate change factors have various impacts on different natural disasters. 
Therefore, this paper uses total economic losses and deaths to measure the effect of 
natural disasters, such as droughts, floods, storms, extreme temperatures, epidemics, 
earthquakes, and landslides.2 Furthermore, we employ a mediating effect model to 
estimate the mechanism of natural disasters with regard to simultaneous equations, 
three-stage least square method, and panel fixed effect model. Overall, we confirm 
that there exists a mediating effect of climate change on bank performance through 
economic losses due to natural disasters. This paper also uses man-made disasters to 
find the mediating effect of climate on bank performance.

We next shall investigate different types of heterogeneity of climate change on 
bank performance through natural disasters under different income levels. Because 
high-income countries have better infrastructure, more skilled labor, and perfect 
financial institutions, they generally have changed from resource-intensive to tech-
nology-intensive industries and have greater focus on environmental protection, 
services, and residents’ living standards. Hence, natural disasters caused by climate 
change produce fewer deaths and economic losses in high-income countries than in 
low-income countries. Moreover, perfect financial institutions can also lend money 
to individuals and enterprises, which means non-performing loans and capital short-
age in the short term, but it is still good for development in the long run (Herold 
et al. 2017; Song et al. 2021). Low-income countries usually have underdeveloped 
financial systems, economies, infrastructure, and technologies. Moreover, poor tech-
nology and resource constraints make them unable to obtain loans to expand scale 
and innovation. The financial institutions in these low-income countries are also rel-
atively backward and may not be able to provide sufficient loans for individuals and 
enterprises. Therefore, there may exist different mediating effects of climate change 
on bank performance via natural disasters in high-income countries, but insignifi-
cant effects in low-income countries.

2  The data and classification standard of an epidemic come from the EM-DAT database and refer to 
cholera, malaria, dengue fever, yellow fever, and so on. Epidemics occur mainly due climate change, and 
a rise in temperature provides a comfortable growth environment for mosquitos, parasites, etc. that may 
accelerate the spread of an epidemic. Furthermore, climate change is accelerating the melting of glaciers 
and releasing ancient viruses, which may have a bad influence on humans. Heavy rains and snowstorms 
also may spread viruses through the flow and drinking of water.
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Though the effect of climate change on bank performance is weak, it can lead to 
deaths and economic losses through natural disasters (Khan et  al. 2015; Zickfeld 
et al. 2016; Dalmagro et al. 2019). When natural disasters hinder the repayment of 
loans by residents and enterprises, these entities then withdraw their bank depos-
its for living, production, and reconstruction, which influence non-performing loans 
and bank capital (Mourouzidou-Damtsa 2019). First, the most obvious feature of 
climate change is higher temperatures. The global warming caused by greenhouse 
gases accelerates the melting of glaciers in the north and south poles as well as in 
high mountains, which then change the sea level and inland river distribution. As 
temperatures rise, the evaporation of rivers and oceans alters ocean currents which 
may directly lead to storms, droughts, and floods (Ardhuin et al. 2017). Forest land 
and grassland also change carbon dioxide emissions, which may lead to greenhouse 
warming, by producing clean gases via absorption of carbon dioxide. Furthermore, 
the roots of trees and grasslands stabilize the soil and retain water to prevent deser-
tification and reduce damage from earthquakes and landslides. A dense forest can 
form a protective wall to reduce wind speed and effectively resist storms and hurri-
canes in coastal regions (Fernandes et al. 2018). Therefore, climate change can lead 
to deaths and economic losses through natural disasters.

Second, the shock of a natural disaster on a region is quite obvious. In general, 
natural disasters, including earthquakes, hurricanes, tsunamis, and volcanic erup-
tions, bring serious harm to residents and enterprises through deaths, the collapse 
of houses and factories. The property of humans in affected areas also suffer severe 
losses, and if an enterprise is on the verge of bankruptcy, then it makes it impossible 
to repay bank loans (Cole et al. 2019; Chen et al. 2021). Conversely, governments 
can provide fiscal help to these people and enterprises and require banks to assist 
them in order to stabilize society and the economy. Therefore, natural disasters have 
an impact on bank performance (Brei et al. 2019). Although floods, droughts, and 
epidemics do not necessarily lead to deaths and bankruptcies, they can reduce agri-
cultural and industrial output and make people sick, which also means using their 
savings to treat any diseases and maintain their livelihood. The profits of enterprises 
will also decrease, potentially resulting in the inability to repay loans in the short 
term. Overall, there exists an indirect influence of climate change on bank perfor-
mance through the deaths and economic losses of natural disasters.

The contribution of this paper is as follows. First, we analyze the impacts of cli-
mate change on bank performance by using unbalanced panel data of 127 countries 
from 2005 to 2018. We decompose climate change into three aspects—namely for-
est land, carbon dioxide emissions, and temperature change—and use the bank non-
performing loan ratio and the ratio of capital to assets to measure bank performance. 
Second, we employ the mediating model, considering the three-stage least square 
method, to test the indirect effect of climate change on bank performance via nat-
ural disasters, which refer to total economic losses from natural disasters. Finally, 
to overcome heterogeneous problems and provide robust evidence, the sample is 
divided into high- and low-income countries, because high-income countries with 
better financial institutions can lend money to residents and enterprises more con-
venient, while it is almost impossible in low-income countries. There are different 
effects of climate change on bank performance through natural disasters in countries 
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with different income levels. Therefore, we divide the sample into high-income 
countries and low-income countries and conclude that the effect of climate change 
on bank performance via natural disasters in the former is significant, but insignifi-
cant in the latter.

The paper proceeds as follows. Section  2 summarizes the previous literature 
review and proposes the hypotheses. Section 3 presents the benchmark model based 
on the mediating model and the choice of variables. Section 4 lays out the estima-
tion for the effect of climate change on bank performance through natural disasters 
and man-made disasters, discusses the results, tests the hypothesis by considering 
income heterogeneity, and contains robustness checks. Finally, Sect.  5 concludes 
and puts forward policy suggestions.

2 � Literature review and hypothesis

2.1 � Literature review

(1) The influence of climate change on natural disasters.
It is obvious that the climate of the world is fluctuating. Temperatures are increas-

ing, and heavy precipitation and extreme temperatures are already happening with 
greater occurrence (Knowles et  al. 2006). Many researchers are highly convinced 
that these phenomena can be linked to carbon dioxide emissions and other green-
house gases, which come from the production of enterprises human living (Montzka 
et  al. 2011; Cox et  al. 2013; Chang and Berdiev 2013). Climate change consists 
of weather, climate, greenhouse gases, oceans, ice and snow, temperatures, car-
bon dioxide, and forest land.3 And climate change also poses many threats to lives 
and production around the world, including a greater risk of extreme temperatures, 
floods, droughts, heavy tsunamis, and storms as well as increasing risk of asthma 
attacks and the spread of certain diseases carried by ticks and mosquitoes (Diaz 
2006; Ardhuin et al. 2017).

This research thus analyzes the influences of temperature change, carbon diox-
ide, and forest land on bank performance. First, forests can absorb carbon dioxide 
emissions from humans and production, which help decrease greenhouse gases in 
the atmosphere. Moreover, forests can stabilize soil, prevent floods, and provide pro-
tective walls for regions against sandstorms, tsunamis, and hurricanes (Modarres 
et al. 2016). Second, as the major part of greenhouse gases, carbon dioxide changes 
the pressure and temperature of the atmosphere and can also cause extreme tem-
peratures. The melting of glaciers in the north and south poles and high mountains 
also changes the flow and sea level of rivers and oceans, which lead to droughts 
and floods (Hirsch and Ryberg, 2012; Ardhuin et al. 2017). The storage of heat and 
energy in the atmosphere, caused by carbon dioxide, can change the surface tem-
perature, leading to crustal movements and earthquakes. Finally, temperature, as the 
most sensitive factor of climate change, also affects droughts, floods, storms, and 

3  Source: Climate Change Indicators in the United States in 2016, proposed by United States Environ-
mental Protection Agency.
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epidemics (Levy et al. 2016). High temperatures accelerates evaporation and ocean 
currents, changing rainfall and drought. Extreme temperature also affects human 
health and deaths. In conclusion, humans suffer from natural disasters caused by 
climate change, such as temperature change, carbon dioxide, and forest land.

(2) The influence of natural disasters on bank performance.
The occurrence of natural disasters has an obvious impact on regional economy, 

society, and human beings (Wen et al. 2021; Loayza et al. 2012). First, natural dis-
asters have the most direct impact on agricultural production, because agriculture 
depends on natural factors such as land use and weather (Keerthiratne and Tol 
2018). There is a negative effect on the growth of crops when the temperature is too 
high or too low. Floods and storms also exert devastating damage to crops (Narayan 
2003). Natural disasters, such as earthquakes, hurricanes, and volcanoes, also cause 
damage to farms and factory workshops, which may reduce the supply of raw mate-
rials, destroy production equipment, and cause turnover and death of workers (Has-
san 2010). Agriculture and manufacturing firms might be unable to repay their bank 
debts, and governments may force banks to finance damaged enterprises to help 
with economic recovery, which will increase bank risks (Cole et al. 2019).

Second, natural disasters also have a direct impact on human beings. People 
mainly rely on planting crops to maintain their daily life needs. Urban and suburban 
residents can get a stable salary by working at an enterprise, which lets them buy 
other goods, conduct their own investments, and even enjoy life (Yang et al. 2018). 
However, residents can lose jobs, suffer famine, and suddenly have no permanent 
residence, and even their health and life will be threatened when natural disasters 
come (Wang and Taylor 2018). In addition, people may reduce their savings and not 
be able to repay loans from banks, thus increasing non-performing loans (Pennacchi 
2006; Amin et al. 2019).

Third, natural disasters force enterprises and residents to hold large amounts of 
cash and reduce the capital of banks (Mourouzidou-Damtsa 2019). In addition, cash 
might also be burned and destroyed when buildings are destroyed via natural dis-
asters such as earthquakes, volcanos, etc. (Shirai and Sugandi 2019). The bank of 
disaster suffered regions may also face catastrophic damage and reduce the capital 
of banks. All these phenomena can lower the cash flow of the whole economy and 
reduce the ratio of bank capital to assets, which has a significant effect on bank per-
formance. In short, natural disasters influence bank performance by destroying the 
houses and factories of residents and enterprises and by hindering the operations of 
agriculture and manufacturing.

(3) The influence of man-made disasters.
Climate change can also affect man-made disasters, including industrial acci-

dents, transport accidents, and miscellaneous accidents (Labovská et  al. 2014; Li 
et al. 2019). This paper also analyzes the influences of climate change on man-made 
disasters from three aspects: temperature change, carbon dioxide, and forest land. 
First, Islam et al. (2019) pointed out that climate change is causing a big rise in tem-
peratures and the frequency of sandstorms and is altering rainfall patterns in Saudi 
Arabia as in other parts of the world. They concluded that temperature, rainfall, sand-
storms, and numbers of vehicles are responsible for increasing road traffic accidents. 
Barrimah et al. (2012) also considered that climate change leads to traffic accidents, 
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which can threaten the health of humans. Forest land is able to help inhibit sand-
storms, strong winds, and other inclement weather (Yang et  al. 2019). Therefore, 
forest land affects man-made disasters directly. Second, Huang et al. (2019) noted 
that the flammability and explosion characteristics of natural gas and air mixtures at 
high pressure and high temperature are great concerns of industries. Extreme high 
temperature can cause flammable explosions and industrial fires. Hence, tempera-
ture change also has a strong influence on man-made disasters. Finally, the increase 
of carbon dioxide emissions changes the atmospheric structure, resulting in extreme 
climate in recent years. The most direct impact of carbon dioxide is raising global 
temperatures, which can trigger more disasters such as heavy rains, blizzards, and 
hurricanes (Belingardi et al. 2010). Heavy rains and snowstorms can directly affect 
electrical short circuiting, which causes fires and explosions. Heavy rains and snow-
storms also cause roads to become slippery and icy, increasing driving difficulty and 
traffic accidents (Lee et al. 2015). Overall, the above literature and studies conclude 
that climate change affects the costs from man-made disasters.

Do man-made disasters impact bank performance? Thiagarajan (2018) revealed 
that man-made disasters, similar to natural disasters, also increase the ratios of non-
performing loans to total loans and loan loss reserves to total loan of banks. Resi-
dents and enterprises, when faced with man-made disasters, can lose property and 
money, and even their lives and health can even be threatened. When this happens, 
enterprises cannot produce and obtain profits, and residents need to spend money for 
medical treatment. All these events can lead to a failure to repay bank loans, which 
is bad for the development of banks. Zhao et  al. (2021) found that natural catas-
trophes and man-made disasters have distinct impacts on the insurance industry, 
because they need to pay out a lot of insurance coverage. In addition, disasters, both 
natural and man-made, hugely impact the victims themselves and financial institu-
tions (Wen et al. 2020).

2.2 � Hypothesis

The analysis above shows that climate change, including forest land, carbon dioxide 
emissions, and temperature change, leads to a variety of natural disasters. Some dis-
asters can do devastating damage to cities and residents, while some can cause dam-
age to agriculture and industry and affect the profits of enterprises (Guerreiro et al. 
2018). In short, natural disasters bring negative effects to people and enterprises. 
First, residents’ lives and health are threatened, forcing them to use a lot of money 
to maintain their lives and treat any diseases, and they may decrease their deposits 
and increase loans from bank. Second, natural disasters can impact cities, includ-
ing the houses of residents, who then take their deposits out of banks and increase 
loans to build homes and make sure they have a place to live (Baryshnikova and 
Pham 2019). Third, the factories of enterprises can be destroyed by natural disas-
ters, resulting in lower profit. The enterprises may not have enough capital to expand 
their scale, research and development, and even run normal production. Thus, they 
may stop investing and may not be able to repay their bank loans (Cole et al. 2019). 
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Climate change thus affects natural disasters, which influence banks’ non-perform-
ing loan ratio.

Hypothesis 1:  Climate change has a mediating effect on banks’ non-performing loan 
ratio -namely, the mediating effect of natural disasters is significantly negative for 
forest land, and there exists a positive indirect effect from carbon dioxide.

Since the capital of banks is also affected through death and sickness of humans, 
as well as the economic losses of enterprises and residents caused by climate 
change, we analyze the effect of natural disasters on bank’s ratio of capital to assets. 
Noth and Schüwer (2017) indicated that weather-related natural disasters decrease 
Z-scores, return on assets, and bank equity ratios and increase the non-performing 
loan ratio, foreclosure ratio, and default risk. First, financial institutions, such as 
banks, securities firms, and insurance companies, have more outlets, and natural dis-
asters have a negative impact on them. For example, the collapses of banks may lead 
to cash loss (Samantha 2018; Albuquerque and Rajhi 2019). The network system 
of banks can also be destroyed, which leads to capital loss. Second, the economic 
losses of residents and enterprises, deaths and sicknesses, and collapsed houses and 
factories all increase the demand for cash by people and enterprises. They thus with-
draw their deposits, which reduce the capital of banks (Cole et  al. 2019). Finally, 
natural disasters lead to the loss of corporate profits and the constraints of technol-
ogy, which affects the capital of banks. Hence, climate change has an influence on 
natural disasters, which may decrease bank capital.

Hypothesis 2:  Climate change has an indirect effect on the ratio of bank capital to 
assets. The mediating effect of forest land through natural disasters is positive, while 
it is negative for carbon dioxide emissions and temperature change.

Sommer (2019) pointed out that forestry rents, GDP per capita, and economic 
growth are all related to forest loss. Therefore, forest loss is different in low-, middle-, 
and high-income areas. Herold et al. (2017) also indicated that despite greenhouse gas 
emissions of low-income countries contributing the least to climate change, they are 
already facing greater increases in the occurrence of extreme temperature. In short, 
climate change in countries’ different characteristics, such as income heterogeneity, 
GDP heterogeneity, and labor heterogeneity. First, the wage of people of low-income 
countries is meager, enterprises are mainly engaged in agriculture and low-end produc-
tion, showing that there is no surplus capital for deposits in banks, and people are not 
willing to borrow money from banks to innovate. Moreover, financial institutions in 
low-income countries are underdeveloped and may not be willing to provide loans to 
enterprises and residents. Hence, this has an insignificant effect on bank performance. 
Second, people in developed countries or high-income countries have high living 
standards and wages, and enterprises are mainly capital- and technology-intensive. In 
addition, residents have free money to deposit in banks, have the energy and knowl-
edge to invest, and even borrow money to invest. Enterprises also want loans from 
banks to innovate and for development and research. When enterprises close down due 
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to natural disasters, the lives and properties of residents are damaged, which will then 
affect investment profits and loan recovery of banks—namely bank performance (Noy 
2009).

Hypothesis 3:  The mediating effects of climate change on bank performance exhibit 
heterogeneity between low- and high-income countries.

Nezamodini et  al. (2015) proposed that flammability and reactivity of materi-
als, high temperature, operation pressure, and volatility and evaporability of liquids 
may result in fires and explosions especially for industries with high frequency use 
of hydrocarbons. Cheng et al. (2018) and Li et al. (2019) pointed out that heavy fog, 
haze, and sandstorms, leading to low sight visibility, are the main reasons for transport 
accidents. Therefore, climate change, such as extreme temperatures, fog, sandstorms, 
heavy rains, windstorms, and so on, will affect the cost of industrial accidents, trans-
port accidents, and miscellaneous accidents, which we refer to as man-made disasters. 
Furthermore, man-made disasters have a bad influence on the property and safety of 
residents and enterprises, resulting in their inability to repay debts and thus affecting 
bank performance.

First, inflammables increase the probability of explosions and fires when encoun-
tering extreme high temperature. Strong winds, rainstorms, and blizzards may stir up 
inflammables, destroy buildings, and even create electrical short circuits and industrial 
accidents. Moreover, the above analysis shows that heavy fog, haze, and sandstorms 
also hinder sight visibility, which can result in transport accidents. Oil tankers may see 
increased operational errors that lead to oil spills when extreme climate change occurs. 
In addition, climate change also affects man-made disasters like natural disasters.

Second, suffering from man-made disasters, residents could lose their property and 
become sick, forcing them to spend money to get better and/or being unable to repay 
banks’ loans. Man-made disasters also damage machines and equipment, which make 
enterprises lack the capacity for full production and thus temporarily or permanently 
see their profit fall. They may even be unable to repay bank loans. Therefore, man-
made disasters have negative impacts on banks’ loans, debts, and capital, which will 
increase banks’ non-performing loan ratio and decrease the ratio of bank capital to 
assets.

Hypothesis 4:  The mediating effect of forest land through man-made disasters is 
positive, while it is negative for carbon dioxide emissions and temperature change.

3 � Benchmark model and variables

3.1 � Mediating effects analysis method

The above literature review shows that there is no direct impact of climate change 
on bank performance, but climate change has a mediating effect on bank perfor-
mance via natural disasters. The mediating effect reveals that the relation between an 
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independent variable (X) and a dependent variable (Y) is transmitted through a third 
variable (M), referred to as the “mediator”. We can analyze the mediator’s effect 
(direct and indirect effects) and verify how climate change influences bank perfor-
mance via natural disasters by considering the mediating effect model. The mediat-
ing effect model is first used in social psychology with regard to time series data or 
cross-sectional data (Tofighi and MacKinnon 2011). Cao et al. (2017) improved the 
mediating effect model by considering panel data, which consists of three models. 
Our study also follows this method, as shown in Eqs. (1) to (3).

We note that coefficient � is the total impact of independent variable X on depend-
ent variable Y. Coefficient � represents the influence of independent variable X on 
mediating variable M. Coefficients � and � denote the effect of independent variable 
X and mediating variable M on dependent variable Y, respectively. Moreover, �it , �it , 
and �it are error terms. Variables i and t indicate the individual and year. Parameters 
C
1
 , C

2
 , and C

3
 are constant terms.4 We get the following result by bringing Eq. (2) 

into Eq. (3).

Coefficient �′ is the sum of indirect effect ( � × � ) and direct effect ( � ), which is 
almost equal to coefficient � . The existing literature reveals that Eqs. (2) and (3) are 
mainly estimated with regard to the method of simultaneous equations (Sarkis et al. 
2010). However, this method is not adapted to panel data, and we need to improve 
Eqs. (1) to (3) as follows.

Variables Zi , Vi , and Ui are the average of dependent variables of individual i. How 
does one verify the existence of a mediating effect? The traditional measurement 

(1)Yit = C
1
+ � × X

it
+ �it

(2)Mit = C
2
+ � × X

it
+ �it

(3)Yit = C
3
+ � ×Mit + � × X

it
+ �it

(3)Yit = C
3
+ � × C

2
+ � × � × Xit + � × Xit + � × �it + �it

(4)�
�

= � × � + �

(5)Yit = C
1
+ � × X

it
+ Zi + �it

(6)Mit = C
2
+ � × X

it
+ Vi + �it

(7)Yit = C
3
+ � ×Mit + � × X

it
+ Ui + �it

4  Parameters C
1
 , C

2
 , and C

3
 aim to ensure that the mean values of the error terms are 0. Generally speak-

ing, the mean value of the dependent variable is not equal to 0. This paper introduces constant terms to 
ensure unbiased of results. Furthermore, the dependent variables in Eqs. (1) to (3) are different, which 
lead to differences in constant terms.
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is stepwise multiple regression analysis (Okubo et  al. 2017). Wang and Xiong 
(2021) indicated that the mediating effect requires three steps to verify the stepwise 
regression method. First, independent variable X must have a significant impact on 
dependent variable Y. Second, we need to verify parameter � in Eq.  (6) when the 
first step is right. Third, mediating variable M affects dependent variable Y strongly. 
In addition, the mediating effect exists when the above three steps are all significant. 
However, Eqs. (6) and (7) are generally established at the same time, which means 
that independent variable X affects mediating variable M, while mediating variable 
M also has an impact on dependent variable X. Therefore, it is necessary to consider 
simultaneous equations analysis instead of stepwise multiple regression analysis. 
Moreover, there may also exist a situation that independent variable X has no direct 
influence on dependent variable Y, but will affect dependent variable Y through 
mediating variable M indirectly. Furthermore, does the mediation effect exist if at 
least one of the parameters � and � is insignificant? Hence, we cannot test the sig-
nificance of the coefficients � and � , because the mediating effect is the product of 
these two coefficients. This paper thus uses the Sobel test to verify the significance 
of the mediating effect � × � (Panagiotis and Victoria 2016; Zheng et al. 2019).

Here, parameters S2
�
 and S2

�
 are the standard errors of the coefficients � and � . The 

Sobel test follows the Z-statistic based on the normal distribution.

3.2 � Empirical model

According to the above analysis, we set up the mediating model by considering cli-
mate change, natural disasters, and bank performance as follows.

Here, parameters i and t denote region and year, respectively. This paper uses 
the non-performing loan ratio ( BADLit ) and the ratio of capital to assets ( ASSRit ) to 
measure bank performance. Forest land ( FORit ), carbon dioxide emissions ( CARBit ), 
and temperature change ( TEMPit ) represent climate change. We also use the total 
affected economic loss from droughts, floods, storms, extreme temperatures, epi-
demics, earthquakes, and landslides to measure the effect of natural disasters 
( DISAit ). The control variables D1

it
 , D2

it
 , and D3

it
 correspond to different dependent 

variables.

(8)Sobel test = 𝛾̂𝛽∕

√

𝛾̂2S2
𝛽
+ 𝛽2S2

𝛾

(9)bank performanceit = C
1
+ � × c lim ate change

it
+ �

1
× D1

it
+ Zi + �it

(10)natural disastersit = C
2
+ � × c lim ate change

it
+ �

2
× D2

it
+ Vi + �it

(11)
bank performanceit =C3

+ � × natural disasters
it
+ � × c lim ate change

it

+ �
3
× D3

it
+ Ui + �it
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According to the test of the mediating effect, if the coefficient � is significant, 
then climate change has a total effect on bank performance. The coefficient � shows 
the direct impact of climate change on bank performance, while it is significant. The 
Sobel test, measured with regard to Eqs. (8), (10), and (11), is significant. There is a 
mediating or indirect influence of climate change on bank performance via natural 
disasters. It is noted that there may be no mediating effect, although the coefficients 
� and � are both significant. Figure 1 shows the mechanism of natural disasters from 
climate change to bank performance.

3.3 � Data and variables

Annual data on bank performance and control variables for the period 2005–2018 
come from the World Bank database.5 Relevant data of natural disasters are obtained 
from EMDAT (international disasters database). Forest land, carbon dioxide emis-
sions, and temperature change data are collected from FAO (database of the Food 
and Agricultural Organization), and the databases of World Bank and NASA-GISS 
(National Aeronautics and Space Administration Goddard Institute for Space Stud-
ies). There exist 127 countries, and the data are unbalanced panel data, since the 
data of some countries and years are missing. In addition, there are 11 low-income 
countries, 29 medium low-income countries, 42 medium high-income countries, and 
45 high-income countries.

Carbon dioxide 
emissions 

β
Forest land

Temperature 
change

Natural 
disasters

Ratio of non 
performing 

loan to assets

Ratio of capital 
to assets

γ

Climate change Bank performance

Fig. 1   The mechanism of natural disasters from climate change to bank performance. Note: The param-
eters of � and � are the coefficients of Eq. (9) to (11)

5  Although the data of natural disasters span 1960 to 2019, the data of climate change and other control 
variables do not due to the limitation of data source. Therefore, the data in this paper run from 2005 to 
2018.
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Dependent variable (Bank performance).6
a. BADL.
This paper uses the non-performing loan ratio (BADL) to measure bank perfor-

mance (Jiménez et al. 2013; Us 2017). Brahmana et al. (2016) used the event study 
approach and indicated that the Aceh tsunami had a significant effect on the non-
performing loan ratio of local banks in Indonesia. In addition, enterprises and resi-
dents face a huge impact when natural disasters occur. Enterprises’ factories and 
residents’ houses may collapse during earthquakes, storms, and floods. They then 
may be unable to pay back bank loans, which results in increasing non-performing 
loans in banks. Therefore, this paper uses the non-performing loan ratio to measure 
bank performance.

b. ASSR.
The non-performing loan ratio is closely related to the ratio of capital to assets 

(ASSR). The above analysis shows that natural disasters not only affect the produc-
tion of enterprises and the livelihood of humans, which leads them to be unable to 
repay debts, but also reduce cash on hand, collateral, etc. These phenomena reduce 
a bank’s physical and intangible capital and decreases the capital-asset ratio. This 
paper uses the ratio of capital to assets to represent bank performance (Klomp 2014; 
Mourouzidou-Damtsa, 2019).

Independent variable (Climate change).
a. FOR.
Khan et al. (2015) indicated that the decrease of forest land has a significant influ-

ence on natural disasters. Forests can reduce CO2 emissions through their own recy-
cling system and make the land more solid, which can help prevent the negative 
aftermath of rainstorms and sandstorms. Moreover, the increase of concentrations 
of heat-trapping greenhouse gases in the Earth’s atmosphere can affect atmospheric 
pressure and influence temperature, which may cause earthquakes and landslides 
(Xi et al. 2012; Khan et al. 2015). The reduction of forest areas accelerates carbon 
dioxide emissions and other greenhouse gases into the atmosphere. It is obvious 
that there exists a negative impact of forest land on natural disasters. Therefore, we 
use the ratio of forest land to national area (FOR) to refer to the change and influ-
ence of forests, obtaining the data from FAO (database of the Food and Agricultural 
Organization).

b. CARB.
Carbon dioxide emissions make up the main reason for the greenhouse effect 

(Clough and Iacono 1995). The rise in global temperatures may cause many natural 
disasters. Hirsch and Ryberg (2012) pointed out that carbon dioxide leads to gla-
ciers melting and the rise of sea levels, which change the flow of air via atmospheric 
pressure. In response, average temperatures at the Earth’s surface are increasing and 

6  Insurance companies are also affected by natural disasters. Those insured enterprises and residents, 
suffering from natural disasters, will obtain compensation through insurance companies, which result in 
the losses of assets for the insurance companies. Moreover, the suffering enterprises also experience a 
negative impact on their own stock prices and related sector firms. This paper only analyzes the relation-
ships among climate change, natural disasters, and bank performance, and the study of insurance compa-
nies or the stock market will be the main focus of the authors’ future research.
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are expected to continue rising. Because climate change can shift the wind patterns 
and ocean currents that drive the world’s climate system, some areas are warming 
more than others, and some have experienced cooling. In addition, the temperature 
rise also promotes the spread of viruses, such as COVID-19 (coronavirus disease) 
in 2019  (Chang et  al. 2021; Long et  al. 2021; Wang et  al. 2021b). Moreover, the 
number of extreme weather events is rising, caused by carbon dioxide emissions. 
This paper collects the ratio of carbon dioxide emissions to national area (CARB) of 
different countries to study how they affect bank performance through natural disas-
ters, which come from the World Bank database.

c. TEMP.
Temperature is the most direct factor of climate change (Kenisarin 2010). 

Warmer temperatures are one of the most direct signs that the climate is chang-
ing. The global average surface temperature has risen at an average rate of 0.15°F 
per decade since 1901.7 Unusually hot or cold temperatures can result in prolonged 
extreme weather events like summer heatwaves or winter cold spells (Zickfeld et al. 
2016). Heatwaves can lead to illness and death, particularly among older adults, 
young children, and other populations of concern. In addition, a large change in tem-
perature can cause heavy precipitation, tropical cyclone activity, river flooding, and 
drought. Therefore, we use temperature change (TEMP) to analyze the effect of cli-
mate change on bank risk. We get the data from NASA-GISS (National Aeronautics 
and Space Administration Goddard Institute for Space Studies).

Mediating variables (Natural disasters).
According to the above analysis, climate change affects different kinds of natu-

ral disasters. Therefore, we use the influence of natural disasters (DISA)—namely 
economic losses—to analyze the mediating effect of climate change on bank perfor-
mance through natural disasters (Liu et al. 2020). We calculate the sum of economic 
losses of droughts, floods, storms, extreme temperatures, epidemics, earthquakes, 
and landslides of each country, because these natural disasters are most relevant to 
climate change. This paper also uses natural disasters’ deaths to verify the robust-
ness test. The data of natural disasters come from EM-DAT (international disasters 
database), and the indicator can directly reflect the influence and severity of natural 
disasters (Harrington and Otto, 2020).

Control variables.
This paper also uses the following variables to control the effect of climate 

change on natural disasters and the impact of natural disasters and climate change 
on bank performance. First, we use population per unit area (PEON) to measure 
population density (Marin and Modica, 2017; Wang et al. 2021a). Most likely, many 
people and economic losses would be involved in natural disasters in high popula-
tion density regions. Moreover, high population density means that a large number 
of people will go to banks to deal with deposits and loans, which will affect bank 
performance. Second, GDP per capita (GDP) reflects the economy of a country 
(Chen et al. 2019; Lima and Barbosa, 2019). Lee et al. (2017) revealed that people 

7  Source: Climate Change Indicators in the United States in 2016, proposed by United States Environ-
mental Protection Agency.
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have more income and a better life when the country has a higher GDP per capita. 
In addition, this also means the region has good infrastructure, and high-quality fac-
tories and buildings (Feng et al. 2021b; Zheng et al. 2021), which reduce the impact 
of natural disasters. Residents and enterprises will have closer contact with banks 
when they have high income and experience good development. For example, peo-
ple are willing to invest in banks, and enterprises want to borrow from banks for 
production and innovation, which affect bank performance. Third, Brueckner and 
Lederman (2015) considered that international trading borrowers are less likely to 
default on bank loans. It is easier for banks to provide loans and financing to enter-
prises when international openness is higher. However, trade has no direct impact on 
natural disasters. Therefore, this paper uses the ratio of trade over GDP (TRADE). 
Fourth, Boateng et  al. (2015) pointed out that inflation  appears to have a nega-
tive effect on bank performance, such as non-performing loans, capital adequacy 
ratio, etc. People reduce investment and increase consumption if inflation is too 
high, which impacts banks. Inflation does not affect natural disasters, because this 
is mainly caused by human activities and climate and environmental changes. The 
inflation of each country (INFL) is used to control the influence of climate change 
on bank performance (Gilchrist et  al. 2017). Finally, the interest rate (RATE) is 
an important measurement for the government to adjust the economy (Yang et al. 
2021). Residents typically deposit their capital in banks, and the loan rate of enter-
prises and individuals will increase when the interest rate is high (Lopez et al. 2020). 
The interest rate directly affects the performance of banks, but has no effect on natu-
ral disasters. The above indicators all come from the World Bank database.

3.4 � Data description

The data of some variables are missing in terms of year and country, because of 
availability. For example, the data for the non-performing loan ratio started in 2005. 
In addition, carbon dioxide emissions are available only until 2014 from the World 
Bank database and other databases, such as NOAA (National Oceanic and Atmos-
pheric Administration). The data in our paper are unbalanced panel data. There-
fore, we delete the missing values of the dependent and independent variables and 
keep the value of zero of mediating variables. This paper first analyzes the dynamic 

Fig. 2   Carbon dioxide emissions from 1960 to 2014. Note: The data and the classification of countries 
all come from the World Bank database



1928	 Economic Change and Restructuring (2022) 55:1913–1952

1 3

change of carbon dioxide emissions and the economic losses from different natural 
disasters. The data summary of this paper is displayed, such as observation, mean, 
standard deviation, maximum, minimum, and median.

Figure 2 plots the variables for carbon dioxide in different countries from 1960 
to 2014, revealing that most regions exhibit an increase of carbon dioxide emission. 
First, global carbon dioxide emissions hit 24 trillion tons, which increased by 973% 
compared to 1960. Although the amount of carbon dioxide emission for low-income 
countries is low, it also rose from 15 billion tons in 1960 to 191 billion tons in 2014, 
or an increase of 1,202%. Medium high-income countries have the highest carbon 
dioxide emissions, rising from 1 trillion tons in 1960 to 16 trillion thousand tons, for 
a growth rate of 1,196%. However, high-income countries have the smallest increas-
ing rate at 350%, although they have the best developed economies. These all show 
that carbon dioxide emissions rose from 1960 to 2014 and will rise in the future.

Figure 3 reveals the trend of economic losses and numbers of natural disasters 
in different countries by considering income from 1960 to 2019. We find that natu-
ral disasters fluctuate greater than carbon dioxide emissions. The number of natural 
disasters in the world increased from 34 in 1960 to 248 in 2019 for a growth rate 
of 741%. The year with the most frequent disasters is 2000 at 465. Economic loss 
of the world was US$92 billion in 2019, which increased 3,200% from 1960. The 
worst year was 2002 at US$684 billion. It is obvious that the number of natural dis-
asters in different types of countries shows an increasing trend, with low-income, 
medium low-income, medium high-income, and high-income countries rising by 
2,700%, 182%, 1,640%, and 1,900%, respectively. In addition, we find that the eco-
nomic losses of medium low-income and medium high-income countries accounted 
for the majority of the world’s losses from 1960 to 2003. However, global economic 
losses were mainly composed of low-income countries after 2003. The economic 

Fig. 3   Economic losses and the number of different natural disasters from 1960 to 2019. Notes: The data 
come from EMDAT (international disasters database). The classification of countries comes from the 
World Bank database. The main vertical axis refers to economic losses of natural disasters. The vertical 
axis refers to numbers of natural disaster. Natural disasters consist of droughts, floods, storms, extreme 
temperatures, epidemics, earthquakes, and landslides
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losses of the low-income countries were below US$100 billion until 2003, whereas 
this value for high-income countries is always less than US$50 billion. It shows that 
the number and economic losses of natural disasters have an increasing trend, but 
the increase rates, the frequency, and total economic losses vary greatly in different 
types of countries.

Figure 4 also exhibits the tendency of economic losses and numbers of man-made 
disasters from 1960 to 2019. Man-made disasters, including industrial accidents, 
transport accidents, and miscellaneous accidents, are different from natural disasters 
that cover droughts, floods, storms, extreme temperatures, epidemics, earthquakes, 
and landslides. Man-made disasters are directly caused by human’s daily life activi-
ties, factory production, and transportation. However, natural disasters are directly 
caused by mother nature. The data of man-made disasters come from EM-DAT 
(international disasters database). We see that the number of man-made disasters in 
the world rose from 3 in 1960 to 297 in 2000, but then the number of man-made dis-
asters fell to 108 in 2019. Economic losses in the world increased from US$2.2 bil-
lion in 1960 to US$26 billion in 2019 for a growth rate of 1182% in nearly 60 years. 
The worst year was 2003 at US$663 billion. Moreover, we find that the number of 
man-made disasters in different types of countries shows an increasing trend except 
for the years from 2000 to 2006, with the numbers in low-income, medium low-
income, medium high-income, and high-income countries rising by 758%, 3,371%, 
190%, and 583%, respectively. It is obvious that the economic losses in medium 
low-income and high-income countries accounted for the majority of the world’s 
losses from 1960 to 2002. However, after 2003 global economic losses have mainly 
come from medium low-income and medium high-income economies. In addition, 
the growth rates in the number or amount of economic losses of man-made disasters 

Fig. 4   Economic losses and the number of different man-made disasters from 1960 to 2019. Notes: The 
data come from EMDAT (international disasters database). The classification of countries comes from 
the World Bank database. The main vertical axis refers to economic losses of man-made disasters. The 
vertical axis refers to the numbers of man-made disasters. Man-made disasters consist of industrial acci-
dents, transport accidents, and miscellaneous accidents
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have both increased faster than that decades ago. The rates of increase, the fre-
quency, and total economic losses also vary greatly for different types of countries.

Table 1 displays the summary of all variables. It is noted that the relevant vari-
ables are adjusted in units to ensure convenient interpretation of regression coef-
ficients. The results indicate that the standard deviations of most variables are small, 
except for the economic losses of natural disasters (DISA) and the ratio of trade 
to GDP (TRADE). The maximum and minimum of BADL are 59.757 and 0.082, 
respectively, and the mean and standard deviation are 6.566 and 6.960, revealing 
that non-performing loans in most countries are concentrated near the mean and are 

Table 1   Descriptive analysis of all variables

The table shows the observations, mean, SD (standard deviation), minimum value, median value, and 
maximum value of all variables

ID Variable Observations Mean SD Min Median Max

1 BADL 1363 6.566 6.960 0.082 4.069 59.757
2 ASSR 1363 10.341 3.877 1.490 10.024 24.849
3 DISA 1820 0.382 15.357 0 0.001 654.837
4 FOR 1651 0.031 0.021 0.001 0.031 0.088
5 CARB 1300 1.131 5.523 0.001 0.186 78.779
6 TEMP 1690 0.796 0.611 − 0.320 0.780 2.944
7 PEON 1820 0.020 0.065 0.001 0.008 0.784
8 GDP 1820 1.498 1.956 0 0.673 11.197
9 TRADE 1820 89.778 57.253 0 80.471 437.327
10 INFL 1820 5.473 7.828 − 29.691 3.650 100.627
11 RATE 1820 4.362 7.322 − 33.597 2.677 54.678

Table 2   Panel unit root test

This table shows the panel unit root test of all variables, which is 
obtained via using STATA 15. The fisher-test follows the research of 
Dong et al. (2018), and the original hypothesis is that there exists a 
panel unit root

Variable Fisher-test P-value

BADL 14.986 0.00
ASSR 24.538 0.00
DISA 30.861 0.00
FOR 38.500 0.00
CARB 9.379 0.00
TEMP 23.942 0.00
PEON 26.737 0.00
GDP 1.179 0.12
TRADE 8.368 0.00

INFL 27.511 0.00
RATE 12.601 0.00
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stable. Moreover, the mean and standard deviation of ASSR are, respectively, 10.341 
and 3.877, in which the maximum and minimum are 1.490 and 24.849, revealing 
that volatility is not big. However, the mean of index DISA is smaller than 1, because 
many countries have not suffered from natural disasters. However, the standard devi-
ation of DISA is 15.357, which is smaller than the difference between maximum and 
minimum, showing stability of the variable. We find that the standard deviations 
of FOR, CARB, and TEMP are 0.021, 5.523, and 0.611, respectively, which are all 
small. Finally, although the standard deviation of TRADE is the biggest at 57.253, 
the difference between maximum and minimum is 356.856, indicating the variable 
fluctuates very little. The standard deviations of other control variables are smaller 
than 10, showing that all variables are centralized.

4 � Empirical results

4.1 � Unit root test

Our paper shows the unit root test, so as to verify the robustness of empirical results. 
Table 2 reveals that the Fisher tests of all variables, except for GDP, are significant, 
indicating that all variables are stationary. It is noted that the LLC test, IPS test, 
and other tests are not suitable in this paper, because they need balanced panel data 
(Feng et al. 2019; Wei et al. 2020). Hence, the data can be used for the following 
regression, such as the panel model and mediating effect model.

4.2 � Empirical results and analysis

The model typically uses the estimation of simultaneous equations through time 
series data or cross-sectional data (Miao et al. 2019). However, a large number of 
articles employ stepwise regression to estimate panel data (García-Sánchez et  al. 
2019). Our paper utilizes the three-stage least square method, one of the simultane-
ous equations, to study the effect of climate change on bank performance by consid-
ering the panel fixed effect model. First, we verify the total effect of climate change 
on bank performance, such as the non-performing loan ratio and the ratio of capital 
to assets. Second, we test the mediating effect or indirect effect through the medi-
ating effect model. Finally, we divide the full sample into high-income and low-
income countries, aiming to find the differences in effects between the two samples.

(1) The total effect of climate change on bank performance.
Table  3 displays the estimation results of the total effect of climate change on 

banks’ non-performing loan ratio and the ratio of capital to assets of the whole sam-
ple at the national level. First, Columns (1) to (3) are the estimation results of banks’ 
non-performing loan ratio, revealing that there may be an effect of climate change 
on BADL. The coefficient of FOR in Column (1) is -59.907 and significant at 1% 
level, showing a strong negative effect of forest land on the non-performing loan 
ratio. Column (2) indicates that the coefficient of CARB is 0.174, but not significant. 
In addition, carbon dioxide emissions have no effect on the bank non-performing 
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loan ratio. We also find that the effect of TEMP on BADL is 1.938 and also signifi-
cant at the 1% level—namely, temperature change may increase the non-performing 
loan ratio.

Second, this paper examines the influence of climate change on the ratio of capi-
tal to assets. From Column (4), we find that FOR has a negative influence on ASSR 
and is not significant. The coefficient between CARB and ASSR is -0.241 and signifi-
cant at the 1% level, showing that the effect of carbon dioxide on the ratio of capital 
to assets is negative. In addition, the impact of TEMP and ASSR in Column (6) is 
0.419 and also significant at 1% level. It is clear that temperature change has a posi-
tive influence on a bank’s ratio of capital to assets. In short, the above conclusions 
may show the impact of different climate change on bank performance.

The existing literature only studies the impact of climate change on the perfor-
mance of agriculture and manufacturing (Hassan 2010) and reaches the conclusion 
that extreme temperatures, droughts, and floods lead to serious damage to farming 
systems and agro-climates, especially for Africa. Whether or not climate change can 

Table 3   Estimation result of BADL and ASSR: total effect

Here, we use the fixed panel model by considering the panel fixed effect model. Columns (1) to (6) refer 
to Eq. (9). ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively

Dependent Variable (1) (2) (3) (4) (5) (6)

BADL BADL BADL ASSR ASSR ASSR
FOR − 57.907*** − 0.950

(-6.226) (-0.188)
CARB 0.174 -0.241***

(1.391) (-3.535)
TEMP 1.938*** 0.419**

(4.900) (2.121)
PEON − 9.314*** 8.296 − 5.494 − 0.155 − 

21.956***
− 7.916**

(− 2.948) (0.692) (− 0.731) (− 0.093) (− 3.351) (− 2.129)
GDP − 0.954*** − 0.772*** − 1.090*** − 

0.829***
− 1.011*** − 0.905***

(− 8.699) (− 5.856) (− 9.299) (− 13.562) (− 13.655) (− 14.875)
TRADE 0.014*** 0.012** 0.016*** 0.003 0.003 0.007***

(3.501) (2.551) (3.648) (1.542) (1.253) (3.471)

INFL − 0.053* − 0.037 − 0.029 0.062*** 0.081*** 0.051***
(− 1.772) (− 1.087) (− 0.908) (3.867) (4.309) (3.170)

RATE − 0.048* − 0.009 − 0.068** 0.055*** 0.062*** 0.045***
(− 1.746) (− 0.266) (− 2.253) (3.767) (3.559) (3.027)

Constant 9.306*** 6.668*** 5.515*** 10.762*** 10.828*** 10.267***
(15.979) (10.922) (8.459) (34.660) (33.440) (32.414)

Obs 1216 859 1140 1157 817 1078

Chi2 42.015 39.568 50.766 61.156 33.012 44.979

F test 6.792 5.064 7.296 5.222 3.905 6.049
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affect bank performance is still a puzzle, because a bank is the place to manage capi-
tal, and rising temperatures, like other climate phenomena, do not seem to have any 
correlation. Farmers, plants, and livestock are directly affected by climate change 
such as temperatures, forest land, grass land, precipitation, and lakes. However, 
our conclusion is that climate change does have a comparative significant effect on 
bank performance. Why? The above analysis shows that climate change can affect 
agriculture, manufacturing. People deposit their money in a bank and obtain loans 
from the bank for treatment, investing, and so on (Pennacchi 2006; Wen and Chang, 
2015). Furthermore, enterprises borrow money from banks or other financial insti-
tutions in order to purchase production equipment, develop new markets, conduct 
research and development, etc. In short, people and enterprises suffer economic 
losses and even bankruptcy, and they sometimes turn to banks for help so as to sur-
vive (Cortés and Strahan, 2017). Therefore, climate change does not directly affect 

Table 4   Estimation result of BADL: mediating effect

Here, we use the three-stage least square method considering the panel fixed effect model. Columns (1), 
(3), and (5) refer to Eq. (10). Columns (2), (4), and (6) refer to Eq. (11). ***, **, and * indicate statistical 
significance at the 1%, 5%, and 10% levels, respectively

Dependent Variable (1) (2) (3) (4) (5) (6)

DISA BADL DISA BADL DISA BADL
DISA 270.131** 44.991 361.309***

(2.149) (1.375) (2.923)
FOR − 0.214**

(− 2.407)
CARB 0.004***

(7.046)
TEMP 0.005***

(3.275)
PEON − 0.379*** 93.135** 0.049 6.164 − 0.058** 15.091

(− 14.073) (1.975) (0.955) (0.594) (− 2.017) (1.152)
GDP 0.001 − 1.132*** 0.001** − 0.829*** 0.000 − 1.200***

(0.704) (− 3.718) (2.522) (− 6.353) (0.655) (− 5.195)
TRADE 0.014*** 0.011** 0.017**

(3.453) (2.528) (2.227)
INFL − 0.052 − 0.037 − 0.032

(− 1.601) (− 1.080) (− 0.848)
RATE − 0.048* − 0.009 − 0.067**

(− 1.741) (− 0.283) (− 2.141)
Constant 0.006 7.715*** − 0.002* 6.782*** − 0.009*** 8.616***

(1.557) (9.199) (− 1.776) (11.176) (− 4.478) (12.584)
Mediating effect − 57.808* 0.180* 1.807**
Sobel test − 1.703 1.658 2.181
Obs 1216 1216 859 859 1140 1140
Chi2 56.249 61.281 62.202 65.266 49.288 48.321
F test 6.792 5.064 7.296 7.764 3.667 3.501
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bank performance, but has an indirect effect on the deposits, loans, and capital of the 
bank in other ways.

(2) The mediating effect of climate change on banks’ non-performing loan ratio.
The above analysis indicates that it is likely that climate change influences the 

development of enterprises and the lives of people through natural disasters, which 
have an effect on their deposits and loans at banks. Therefore, this paper tests the 
mechanism for the economic losses of natural disasters.

Table 4 displays the direct effect and indirect effect of climate change on banks’ 
non-performing loan ratio more clearly. First, we see the mediating effect of forest 
land through natural disasters. The coefficients of FOR and DISA in Column (1) and 
Column (2) are, respectively, -0.214 and 270.131 and significant at the 5% level, 
showing that forest area reduces the economic losses of natural disasters, and the 
economic losses of natural disasters raise banks’ non-performing loan ratio. Moreo-
ver, the indirect effect denotes the path from FOR to BADL through DISA—namely, 
0.214 × 270.131 = -57.808—and the Sobel test is significant at the 10% level, which 
shows the existence of the mediating effect of forest land on the non-performing 
loan ratio. The ratio of indirect effect to total effect is 0.998 (|-57.808/-57.907|). 
According to the traditional mediating effect model, the impact of climate change 
on bank performance through natural disasters accounts for 99.8%, while the total 
effect exists. However, this paper assumes that the total effect does not exist. It is 
obvious that an increase of one unit in the ratio of forest land to national area will 
reduce the non-performing loan ratio by 57.808 units through natural disasters.

This paper next studies the mediating effect of carbon dioxide emissions. We 
conclude that the effects of CAR​ on DISA as well as DISA on BADL are 0.004 and 
44.991, respectively, as shown in Columns (3) to (4) and are significant at the 1% 
level for Eq. (10). The mediating effect considering the economic losses of natural 
disasters is 0.180 (0.004 × 44.991), and the Sobel test is also significant at the 10% 
level. The ratio of the mediating effect to total effect is 1.034 (|0.180/0.174|). All the 
results show a mediating effect of carbon dioxide emissions on the non-perform-
ing loan ratio. Finally, the coefficients of TEMP and DISA in Column (5) and (6) 
are, respectively, 0.005 and 361.309 and significant at the 1% level, showing that 
temperature change has a positive effect on natural disasters, and natural disasters 
also affect the non-performing loan ratio positively and significantly. The mediat-
ing effect is 1.807, and the ratio is 0.932 (|1.807/1.938|) and is also significant. The 
conclusions are similar to Brahmana et al. (2016). The above analysis shows that an 
increase of one unit in the ratio of carbon dioxide emissions to national area or tem-
perature change will, respectively, raise the non-performing loan ratio by 0.180 units 
or 1.807 units through natural disasters, while there are no total effects of CARB and 
TEMP on BADL.

Why does there exist a mediating effect of climate change on the non-performing 
loan ratio of banks through natural disasters? First, forests can absorb carbon diox-
ide and thus prevent the greenhouse effect (Williams 2013). Moreover, forests can 
also protect the soil and prevent desertification, which help reduce floods, debris 
flow, and the harmful aftermath of storms. In short, a country with large forest land 
should see a decline in deaths and economic losses from natural disasters, such as 
floods, storms, extreme temperatures, etc.
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Second, Van-Aalst (2006) pointed out that CO2 emissions are the main green-
house gas and come from fossil fuels, like coal and oil, which are used by humans 
for life and production. The CO2 emissions increase temperature by changing the 
atmosphere, which will cause glaciers to melt, extreme temperatures, precipitations, 
droughts, and so on. Moreover, CO2 affects landslides, earthquakes, and storms 
by changing atmospheric pressure and temperature (Zoback and Gorelick, 2012). 
Therefore, carbon dioxide emissions have a significant effect on death and economic 
losses from natural disasters.

Table 5   Estimation result of ASSR: mediating effect

Same as Table 4

Dependent Variable (1) (2) (3) (4) (5) (6)

DISA ASSR DISA ASSR DISA ASSR
DISA − 6.042 − 65.575*** − 46.460*

(− 0.175) (− 2.735) (− 1.747)
FOR − 0.155

(− 1.480)
CARB 0.004***

(3.793)
TEMP 0.009***

(3.473)
PEON 0.380*** 2.146 0.028 − 20.039*** 0.059 − 4.809

(12.251) (0.167) (0.310) (− 2.662) (1.303) (− 1.061)
GDP − 0.001 − 0.837*** 0.002** − 0.876*** − 0.001 − 

0.923***
(− 1.166) (− 9.833) (2.227) (− 9.189) (− 0.768) (− 10.846)

TRADE 0.003 0.003 0.007***
(1.507) (1.211) (2.695)

INFL 0.063*** 0.081*** 0.053***
(3.547) (4.309) (3.127)

RATE 0.055*** 0.062*** 0.044***
(3.768) (3.553) (2.993)

Constant − 0.001 10.752*** − 0.005** 10.492*** 0.014*** 10.955***
(− 0.331) (36.323) (− 2.232) (30.074) (4.705) (37.834)

Mediating effect 0.937 − 0.263** − 0.418*
Sobel test 0.174 − 2.218 − 1.651
Obs 1157 1157 817 817 1078 1078
Chi2 66.249 71.281 52.202 55.266 39.288 38.321
F test 7.792 7.064 8.296 5.764 7.667 4.501
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Third and finally, temperature is the most sensitive factor of climate change. Tem-
perature is the direct reason for droughts and floods.8 The world has experienced the 
most obvious climate change in the last two decades. For example, the difference 
between the highest temperature and the lowest temperature is becoming greater, 
and the duration is also increasing and advancing. The temperature also directly 
accelerates the melting speed of icebergs in the north and south poles and in high 
mountains and can increase sea levels and change ocean currents. The rapid out-
break of COVID-19 in 2019 may be caused by increasing temperatures, as the virus 
is adapted to warm temperatures (Harmooshi et al. 2020).

According to the above analysis, natural disasters lead to the deaths and unhealthy 
lives of residents as well as production losses and bankruptcy of enterprises. For 
enterprises and individuals who have loans from banks before the occurrence of nat-
ural disasters, they may not be able to repay them within the prescribed period due 
to property losses after natural disasters occur (Amin et al. 2019). When the country 
suffers from serious natural disasters, especially for a large number of deaths and the 
collapse of enterprises, the government typically assists people and enterprises with 
financial funding in order to prevent unrest and puts pressure on banks and other 
financial institutions to help them, too. This may lead to an increase of bank loans 
in the event of natural disasters and a rise in non-performing loans at banks since 
the people and enterprises cannot repay the loan in a short time. Therefore, climate 
change has an influence on the non-performing loan ratio of banks through natural 
disasters.

(3) The mediating effect of climate change on a bank’s ratio of capital to assets.
Banks’ ratio of capital to assets is another index to measure the ability to over-

come risk (Konishi and Yasuda, 2004). A bank’s ability to deal with risk is stronger 
when the value of this index is larger. Natural disasters and damage to agricultural 
and manufacturing caused by climate change affect bank deposits and loans. Banks 
may not have normal operations, because they cannot get sufficient funds from the 
repayment of loans and deposit when their capital is too low. Therefore, it is nec-
essary to study the impact of climate change on the ratio of bank capital to assets 
through natural disasters.

Table 5 reveals the estimation results of the ratio of bank capital to assets, which 
also almost show significance of the coefficients. First, the impact of FOR on DISA 
in Column (1) is -0.155, and the coefficient of DISA in Column (2) is -6.042. Both 
are insignificant, which arrive at the conclusion that the mediating effect is 0.937 
and is insignificant, too, showing that forest land cannot affect the ratio of capital 
to assets via natural disasters. The ratio of mediating effect to total effect is 0.986 
(|0.937/-0.950|). It reveals that a rise of one unit in the ratio of forest land to national 
area can increase 0.937 units of the ratio of bank capital to assets through DISA, but 
this path is insignificant.

8  Source: Climate Change Indicators in the United States in 2016, proposed by United States Environ-
mental Protection Agency.
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Second, the coefficient of CARB in Column (3) is 0.004, and the effect of DISA 
on ASSR in Column (4) is -65.575. Both are significant at the 1% level. The mediat-
ing effect is -0.263 (0.004 × -65.575), and the Sobel test is -2.218. This is signifi-
cant at the 5% level, indicating that carbon dioxide emissions decrease the ratio of 
the bank capital to assets through natural disasters. The indirect effect ratio is 1.091 
(|-0.263/-0.241|). We find that the ratio of bank capital to assets decreases by 0.263 
units, while the ratio of carbon dioxide emissions to national area increases by 1 unit 
after considering the mediating effect of natural disasters.

Third and finally, by considering temperature change, the effect of TEMP on 
DISA is 0.009 and significant at the 1% level. Moreover, the impact of DISA on 
ASSR is negative at -46.460 and significant. Hence, temperature change raises the 
economic losses of natural disasters and has a negative effect on the ratio of bank 
capital to assets. The ratio of the indirect effect is 0.997 (|-0.418/0.419|), and the 
Sobel test is -1.651, which is also significant. Temperature change has a strong effect 

Table 6   Estimation result of BADL: low-income vs high-income

Same as Table 4. High-income countries include 58 countries with high- and medium high-income via 
the classification of the World Bank database. Low-income countries encompass 69 countries with low- 
and medium low-income through the classification of the World Bank database

Subsample A Low-income coun-
tries

Dependent 
Variable

(1) (2) (3) (4) (5) (6)

DISA BADL DISA BADL DISA BADL

DISA − 3966.304* − 64,361.545 7927.016
(− 1.943) (− 0.402) (1.174)

FOR − 0.019**
(− 2.044)

CARB − 0.000
(− 0.008)

TEMP − 0.001
(− 1.044)

Mediating effect 75.360 64.362 − 7.927
Sobel test 1.401 0.010 − 0.780
DISA 153.192 24.791*** 163.513**

(1.638) (2.839) (2.359)
FOR -0.249*

(-1.881)
CARB 0.004***

(5.355)
TEMP 0.007***

(3.216)
Mediating effect − 38.145 0.099** 1.145*
Sobel test − 1.435 2.508 1.902
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on the ratio of bank capital to assets through natural disasters. A decline of ASSR by 
0.418 units comes from a temperature change increase of 1 unit after considering the 
mediating effect of DISA.

The analysis in the previous section shows that climate change has a significant 
effect on deaths and economic losses of natural disasters. However, the coefficient 
of climate change on natural disasters in Table 5 is different from that of Table 4, 
and the reason is that the sample is changed due to a lack of the dependent variable. 
In addition, natural disasters impact the production of enterprises and the lives of 
humans. Loayza et al. (2012) pointed out that natural disasters decrease human capi-
tal accumulation via sick, lives lost, and unemployment, which also have an influ-
ence on bank performance. A bank cannot get money from the loans and deposits of 
humans and enterprises that are affected by disasters, thus hindering a bank’s normal 
operations. Serious natural disasters may also cause social unrest and soaring prices. 
People may also withdraw their savings to maintain their livelihood, and enterprises 
may also close down (Klomp 2014). The free capital of a bank will drop, which can-
not afford the salary and decline the profit. National debt issued by the government 
is difficult to recover after the occurrence of natural disasters, thus raising national 
debt further. In order to repay debt, a large amount of paper money may be issued by 
the government, leading to depreciation and inflation, and the capital of banks will 
become less and less. Therefore, natural disasters have a mediating effect of climate 
change on the ratio of bank capital to assets.

(4) Classification by low-income and high-income countries.
Residents in low-income countries have a hard life. The income they earn is basi-

cally used for their daily life, and they seldom borrow from and make deposits into 
banks. However, people in high-income countries have surplus money to invest, and 
banks of high-income countries are properly developed and can provide loans to 
people and enterprises. Therefore, natural disasters, caused by climate change, affect 
humans and enterprises and impact bank performance in a more significant way in 
high-income countries than in low-income countries. Hence, it is necessary to study 
the different mediating effects of climate change on bank performance through natu-
ral disasters by considering income heterogeneity.

Kellenberg and Mobarak (2008) indicated that a country with different incomes 
suffers from varying damage risks from natural disasters. Generally speaking, rising 
income can decrease deaths and economic losses due to natural disasters. Ghosh 
(2016) also reached the conclusion that bank performances, such as return on assets, 
profits, and cost efficiency, are different when the income level varies. Hence, this 
paper follows the research of Koyanagi et  al. (2019) and divides countries into 
two subsamples: high-income countries, including high-income and medium high-
income countries due to the World Bank; and low-income countries, including low-
income and medium low-income countries also due to the World Bank. We now 
explore the different effects of climate change on bank performance in low- and 
high-income countries through natural disasters.

First, the estimation results of low-income countries appear in Table  6. We 
find that all the mediating effects are insignificant. For example, although the 
coefficients of FOR and DISA in Columns (1) and (2) are 0.019 and -3,966.304, 
respectively, which are significant at the 5% level, the indirect effect is 75.360, 
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and the Sobel test is 1.401. The conclusion shows that forest land can decrease 
the economic losses of natural disasters in low-income countries, which may be 
caused by their poor GDP, infrastructure, and development, and natural disasters 
decrease banks’ non-performing loan ratio. Moreover, carbon dioxide emissions 
have an insignificantly negative impact on natural disasters. The coefficient of 
DISA in Column (4) is -64,361, which means that the mediating effect is 64.362, 
and the Sobel test is 0.010, and the mediating effect is insignificant, too. Thus, 
natural disasters do not mediate the effect of climate change on the non-perform-
ing loan ratio in low-income countries. Furthermore, the coefficients of TEMP 
and DISA in Columns (5) and (6) are, respectively, -0.001 and 7,927.016, and 
both parameters are insignificant. Hence, the indirect effect of temperature change 
in low-income countries is -7.927 (-0.001 × 7927.016) and also insignificant. The 
conclusion is that the mediating effect of climate change on the non-performing 
loan ratio in low-income countries is weak, and the mediating effect of natural 
disasters does not exist.

Second, Panel B in Table 6 shows the estimation result of the mediating impact 
of climate change on the non-performing loan ratio through natural disasters. We 
note that there is a strongly positive mediating influence of different climate changes 
on BADL. The coefficient of FOR in Column (1) is -0.249 and is significant at the 
10% level. In addition, the economic loss of natural disasters has a positive impact 
(153.192) on BADL. The indirect effect is -38.145, which is not insignificant, but 
just negative. It reveals that forest land does not affect banks’ non-performing loan 
ratio via natural disasters. However, the coefficients of CARB and DISA in Columns 
(3) and (4) are, respectively, 0.004 and 24.791, and both are significant at the 1% 
level. Moreover, the value of mediator DISA in high-income countries is 0.099 and 
also significant at 5%. We conclude that carbon dioxide increases the non-perform-
ing loan ratio, and there is an obvious mediating effect (0.004 × 24.791 = 0.099) of 
CARB on BADL through DISA. Finally, the influence of temperature change on the 
economic losses of natural disasters is 0.007 and significant at the 1% level. Fur-
thermore, there is a significantly positive impact (163.513) of TEMP on BADL. The 
mediating effect is 1.145 (0.007 × 163.513), and the Sobel test is 1.902, which is 
also significant. The above conclusions indicate that there exists a significant medi-
ating impact of climate change on banks’ non-performing loan ratio through natural 
disasters.

Why is there such a big difference between high- and low-income countries? 
The reason may be in the differences of their financial development, infrastructure, 
residents’ livelihood, and enterprise development. First, low-income levels mean 
slow development of a country, showing that it is mainly agriculture or low-end 
industry, and its carbon dioxide emissions, caused by manufacturing and humans, 
are not much. Therefore, there may be a weak effect of carbon dioxide emissions 
on the deaths and economic losses of natural disasters in such countries. Temper-
ature change is caused by many factors, including carbon dioxide emissions and 
other greenhouse gases, which also have an insignificant effect on natural disasters 
(Herold et al. 2017). In addition, forest land can directly prevent natural disasters, 
as it can consolidate soil and resist strong winds and floods. Therefore, forest land 
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decreases the deaths and economic losses of natural disasters in both low- and high-
income countries.

Second, we find that the effect of natural disasters on bank performance in low-
income countries is insignificant. The reason is that the development of financial 
institutions in low-income countries is slower than that in high-income countries. 
Furthermore, residents with low income will typically not borrow or invest from 
a bank, because they need to live on their current wages. Enterprises, with poor 
technology and equipment in low-income countries, are only engaged in low-end 
agriculture, raw material processing, and production industries. The poor life and 
production of humans and enterprises in low-income countries may be not affected 
when natural disasters occur. However, people with high incomes and enterprises 
with high technology and production are willing to borrow from financial insti-
tutions. These loans cannot be repaid in the short term, thus leading to higher 

Table 7   Estimation result of man-made disasters: mediating effect

Same as Table 4

Independent variable: 
BADL

Dependent Variable (1) (2) (3) (4) (5) (6)

MDISA BADL MDISA BADL MDISA BADL

MDISA 4.838*** 0.129** 4.530*
(4.011) (2.437) (1.773)

FOR − 11.059***
(− 4.258)

CARB 1.647***
(8.213)

TEMP 0.250
(1.397)

Mediating effect − 53.503*** 0.053** 1.133
Sobel test − 2.919 2.336 1.097

Independent variable: 
ASSR

Dependent Variable (1) (2) (3) (4) (5) (6)
MDISA ASSR MDISA ASSR MDISA ASSR

MDISA − 0.099** − 0.071** − 0.277*
(− 1.973) (− 2.064) (− 1.649)

FOR − 13.150***
(− 2.960)

CARB 1.093***
(14.706)

TEMP 0.272
(1.482)

Mediating effect 1.302* − 0.077** − 0.075
Sobel test 1.642 − 2.044 − 1.102
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non-performing loans and worsening bank performance when disasters happen. 
Therefore, natural disasters do not mediate the effect of climate change on bank per-
formance in low-income countries, but a mediating effect of climate change exists 
on bank performance through natural disasters in high-income countries.

4.3 � Robustness test

The above results on the mediating effect of estimation still have some shortcomings 
to be improved. For instance, are the variable of economic losses of natural disas-
ters appropriate? Is the method of simultaneous equations suitable in this paper? If 
we use another index or measurement, then can we arrive at the same conclusions? 
Hence, we need a robustness test to study the rationality of the conclusions. First, 
this paper analyzes man-made disasters. Second, this paper uses deaths of natural 
disasters (DISAD) and deaths of man-made disasters (MDISAD) instead of eco-
nomic losses of natural disasters and man-made disasters. Third, we collect the ratio 
of loan loss provisions to total assets (BLLP) to measure the bank loss. Finally, we 
utilize stepwise regression by considering the fixed effect panel model to test the 
indirect effect of climate change on bank performance through the economic losses 
of natural disasters.

(1) Further analysis: man-made disasters.
Disasters consist of natural disasters caused by mother nature and man-made dis-

asters caused by humans. It is obvious from the above analysis that climate change 
affects the cost of natural disasters, which damage enterprises’ production and lives 
of residents. When enterprises and residents are not able to repay bank debts, bank 
sector performance declines.

Climate change can also affect man-made disasters. Extreme high temperature 
is not properly conducive to the operation of factory equipment and parts of motor 
vehicles, which may result in industrial accidents and transport accidents, such as 
factory explosion, spontaneous car engine combustion, and so on (Labovská et al. 
2014). Greenhouse gases and forests both change the atmospheric pressure and the 
absorption of solar heat and eventually affect the temperature. Severe weather phe-
nomena, such as fog, sandstorms, haze, and strong winds, will hinder people’s sight, 
which could cause traffic accidents (Lu et al. 2020). Moreover, forest land can effec-
tively reduce inclement weather such as sandstorms, haze, and strong winds. Rain-
storms and blizzards also can cause traffic accidents through slippery or icy roads, 
and rainwater can lead to electrical short circuits that result in industrial accidents. 
Hence, this paper follows the research of Hong (2017) and collects data of man-
made disasters from EMDAT (international disasters database), which consists of 
industrial accidents, transport accidents, and miscellaneous accidents. According 
to the above measurement, we choose economic losses from industrial accidents, 
transport accidents, and miscellaneous accidents as the cost of man-made disasters 
(MDISA) to study the mediating effect of climate change on bank performance via 
man-made disasters.

First, the estimation results of the non-performing loan ratio are displayed 
in Table  7. We obtain that all the mediating effects are insignificant except for 
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temperature. For instance, the coefficients of FOR and MDISA in Columns (1) and 
(2) are -11.059 and 4.838, respectively, which are both significant. In addition, the 
mediating effect is -53.503, and the Sobel test is -2.919, and the mediating effect is 
significant at the 1% level. The result indicates that forest land can decrease the eco-
nomic losses from man-made disasters, and that man-made disasters increase banks’ 
non-performing loan ratio, which may cause enterprises and residents to suffer from 
man-made disasters and thus be unable to repay loans. Furthermore, the coefficients 
of CARB and MDISA in Columns (3) and (4) are, respectively, 1.647 and 0.129, 
which mean that carbon dioxide emissions have a significantly positive impact on 
man-made disasters. The mediating effect is 0.053, and the Sobel test is 2.336, and 
the mediating effect is also significant. Moreover, man-made disasters can mediate 
the effect of climate change on the non-performing loan ratio. The coefficient of 
TEMP in Column (5) is 0.250 and insignificant. However, man-made disasters have 

Table 8   Estimation result of BADL via changing the mediating variable

Same as Table 4

Mediating variable: 
DISAD

Dependent Variable (1) (2) (3) (4) (5) (6)
DISAD BADL DISAD BADL DISAD BADL

DISAD 29.815*** 66.476 18.206**
(5.895) (0.226) (2.159)

FOR − 1.935*
(− 1.752)

CARB 0.003
(0.287)

TEMP 0.106**
(2.274)

Mediating effect − 57.692* 0.199 1.929*
Sobel test − 1.680 0.178 1.766

Mediating variable: 
MDISAD

Dependent Variable (1) (2) (3) (4) (5) (6)
MDISAD BADL MDISAD BADL MDISAD BADL

MDISA 1.429*** 0.112** 8.911
(4.110) (2.380) (0.958)

FOR − 49.767***
(− 3.281)

CARB 8.184***
(16.176)

TEMP 0.404*
(1.643)

Mediating effect − 71.117*** 0.917** 3.600
Sobel test − 2.564 2.355 0.828
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a significantly positive effect on the non-performing loan ratio. Hence, the indirect 
effect of temperature change is 1.133 and also insignificant, which means that influ-
ences of temperature on man-made disasters and man-made disasters on the non-
performing loan ratio are both positive. We find that an increase of 1 unit of FOR 
will decrease 53.503 units of the non-performing loan ratio, and an increase of 1 
unit of CARB rise 0.053 units of BADL, and an increase of 1 unit of TEMP will rise 
1.133 units of the non-performing loan ratio through man-made disasters. It is obvi-
ous that the mediating effect of temperature change on the non-performing loan ratio 
is insignificant, while the mediating effects of forest land and carbon dioxide emis-
sions are both significant.

Second, Table 7 also reveals the estimation result of the mediating impact of cli-
mate change on the ratio of capital to assets through man-made disasters. We find 
that climate change has a strong mediating effect on ASSR. The coefficients of FOR 
and MDISA in Columns (1) and (2) are, respectively, -13.150 and -0.099 and both 

Table 9   Estimation result of BLLP: mediating effect

Same as Table 4

Mediating variable: DISA

Dependent Variable (1) (2) (3) (4) (5) (6)
DISA BLLP DISA BLLP DISA BLLP

DISA 0.439 9.774* 0.029**
(1.343) (1.673) (2.510)

FOR − 459.844
(− 0.491)

CARB 0.262***
(9.122)

TEMP 45.843***
(3.002)

Mediating effect − 201.872 2.561* 1.329*

Sobel test − 0.471 1.646 1.926
Mediating variable: MDISA

Dependent Variable (1) (2) (3) (4) (5) (6)
MDISA BLLP MDISA BLLP MDISA BLLP

MDISA 2.531** 0.397** 14.951**
(2.194) (2.332) (2.045)

FOR − 15.410***
(− 3.668)

CARB 1.125***
(16.233)

TEMP 0.295*
(1.834)

Mediating effect − 39.002* 0.447** 4.411

Sobel test − 1.883 2.308 1.365
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significant at the 1% level, which means that the mediating effect is 1.302, and the 
Sobel test is 1.642. It indicates that more forest land decreases man-made disasters 
and thus helps to reduce the ratio of capital to assets of a bank. Moreover, carbon 
dioxide emissions have a positive impact on man-made disasters, and the coeffi-
cient of MDISA in Column (4) is -0.071, which indicates that the mediating effect 
is -0.077, and the Sobel test is -2.044, and the mediating effect is also significant. 
We conclude that carbon dioxide emissions can decrease ASSR through greater 
man-made disasters. Furthermore, the influence of temperature change on the eco-
nomic losses of man-made disasters is 0.272 or insignificant. However, MDISA has 
a strongly negative effect on ASSR. It indicates that the ratio of capital to assets will 
increase by 1.302 units, -0.077 units, and -0.075 units along with an increase of 1 
unit in the ratio of forest land to national area, the ratio of carbon dioxide emissions 
to national area, and temperature change via the mediating effect of man-made dis-
asters. We conclude that there only exist significant mediating impacts of forest land 
and carbon dioxide emissions on the ratio of capital to assets of banks through man-
made disasters.

Why does climate change affect bank performance through man-made disasters? 
First, it is obvious that heavy rain, snowstorms, and strong winds may cause indus-
trial fires and even transport accidents. Smog and duststorms are bad for the sight 
of drivers of motor vehicles and thus can cause traffic accidents. Strong winds and 
waves increase the mistakes of pilots of ships, potentially leading to oil spills and 
gas leaks. Moreover, high temperature is also bad for the operations of some parts 
of production and motor vehicles, which could result in explosions or fires. Sec-
ond, the assets of enterprises and residents that suffer from man-made disasters may 
incur losses. Enterprises of course do not benefit from equipment losses and might 
be unable to repay bank debts. The impact of man-made disasters on residents is 
also serious, including threats to their health or lives, and they may also be unable 
to repay loans. Therefore, non-performing loans of banks increase. Finally, if banks 
cannot recover loans from enterprises and residents suffering from man-made disas-
ters, then their ratio of capital to assets may decline, which is similar to the analy-
sis of natural disasters. Climate change increases the costs of man-made disasters, 
which have negative effects on bank performance.

(2) The change of the dependent variable.
This paper initially uses DISAD and MDISAD to verify the mediating effect of 

climate change on banks’ non-performing loan ratio. First, Table 8 displays a similar 
conclusion to that of DISA as the dependent variable. Columns (1) and (2) show 
that the coefficients of FOR and DISAD are -1.935 and 29.815, respectively, and 
significant at the 10% level. The mediating effect is -57.692 and also significant. The 
effects of CARB on DISAD and DISAD on BADL are, respectively, 0.003 and 66.476. 
Although the indirect impact is 0.199 and insignificant, it is still positive. The coef-
ficients of TEMP on DISAD are, respectively, 0.106 and 18.206 and are significant. 
The mediating effect and Sobel test are, respectively, 1.929 and 1.766, revealing that 
there exists a mediating effect of temperature change on banks’ non-performing loan 
ratio. The above conclusions indicate that forest land and temperature change both 
affect bank performance through deaths due to natural disasters, except for carbon 
dioxide emissions. However, they have the same sign as in Table  4. Table  8 also 
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reveals a similar result to that of MDISA as the dependent variable. The coefficients 
of FOR and MDISAD in Columns (1) and (2) are, respectively, -49.767 and 1.429, 
both significant at the 1% level, which indicate that the mediating effect is -71.117, 
and the Sobel test is -2.564. It reveals that forest land can reduce deaths from man-
made disasters, and so MDISAD has a positive impact on the non-performing loan 
ratio. The effects of CARB on MDISAD and MDISAD on BADL are, respectively, 
8.184 and 0.112, or both significant at the 5% level, which mean that the indirect 
impact is 0.917 and also significant. The coefficients of TEMP and MDISAD in Col-
umns (5) and (6) are, respectively, 0.404 and 8.911. Although the mediating effect is 
3.600 and insignificant, it is still positive. Therefore, the original dependent variable 
is effective.

(3) The change of the independent variable.

Table 10   Estimation result of BADL via changing the method

 Here, we use the stepwise regression by considering the panel fixed effect model. The parameters are the 
same as Table 4. ***, **, and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively

Independent Variable (1) (2) (3) (4) (5) (6)

DISA BADL DISA BADL DISA BADL
DISA 0.014*** 0.607 0.056***

(3.056) (1.285) (3.222)
FOR −1.935***

(− 2.949)
CARB 0.003

(0.286)
TEMP 2.106**

(2.270)
PEON − 0.012 − 6.606** 0.256 − 7.550** 0.091 − 8.319

(− 0.037) (− 2.078) (0.302) (− 2.002) (0.109) (− 1.099)
GDP − 0.014 − 0.898*** − 0.006 0.812*** 0.008 -0.987***

(− 1.166) (− 8.084) (− 0.704) (− 6.347) (0.630) (− 8.466)
TRADE 0.012*** 0.012*** 0.017***

(2.987) (2.631) (3.888)
INFL − 0.038 − 0.038 − 0.032

(− 1.269) (− 1.108) (− 0.994)
RATE − 0.051* − 0.009 − 0.077**

(− 1.842) (− 0.282) (− 2.557)
Constant 0.124*** 7.445*** 0.028 6.772*** − 0.173*** 7.352***

(2.650) (14.654) (1.323) (11.222) (-3.112) (13.612)
Mediating effect − 0.027** 0.002 0.118*
Sobel test − 2.122 0.279 1.856
Obs 1216 1216 859 859 1140 1140
R2 0.456 0.317 0.333 0.391 0.417 0.425
F test 5.087 6.158 6.779 7.198 5.433 6.232
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Table 9 presents the ratio of loan loss provisions to bank assets (BLLP) to meas-
ure bank loss. The data of BLLP come from the BankFocus database. First, the coef-
ficients of FOR and DISA in Columns (1) and (2) are, respectively, -459.844 and 
0.439, which are both insignificant. Hence, the mediating effect is -201.872 and also 
insignificant. Carbon dioxide emissions have significantly positive influences on nat-
ural disasters, and DISA affects BLLP positively and significantly. In addition, the 
mediating effect is 2.561, and the Sobel test is 1.646. It indicates that carbon dioxide 
emissions increase natural disasters, which result in damage to enterprises and resi-
dents, and the ratio of loan loss provisions to total assets rises, because banks cannot 
recall loans. The effects of TEMP on DISAD and DISAD on BLLP are, respectively, 
45.843 and 0.029, or both significant at the 5% level, meaning that the indirect 
impact is 1.329 and also significant. Furthermore, the mediating effect of man-
made disasters exists. The coefficients of FOR and DISA in Columns (1) and (2) are, 
respectively, -15.410 and 2.531, and both are significant. Moreover, the mediating 
impact is -39.002, and the Sobel test is -1.883. The result shows that forest land 
decreases man-made disasters, which increase BLLP. Carbon dioxide emissions 
have a strongly positive influence on MDISA, which also affects BLLP positively. 
Although the effects of TEMP on MDISAD and MDISAD on BLLD are, respectively, 
0.295 and 14.951, or both significant at the 10% level, and so the mediating effect is 
insignificant. However, the mediating effect of temperature change is positive.

We conclude that climate change still raises the number of natural and man-
made disasters, which then lead to damage to the lives of residents and enterprises’’ 
production. In addition, banks need to increase loan loss provisions to prevent the 
increase of non-performance loans and to ensure normal operations of banks.

(4) The change of the method.
Table  10 uses the stepwise regression with regard to fixed panel estimation to 

verify the mediating effect. Columns (1) and (2) also obtain similar results in that 
the coefficients of FOR and DISAD are significant at -1.935 and 0.014. The media-
tor of the economic losses of natural disasters is -0.027 and significant at the 5% 
level, showing that natural disasters mediate the effect of forest land on banks’ non-
performing loan ratio. From Columns (3) and (4), we get the same conclusion that 
the parameters of CARB and DISAD are both insignificant, but positive, at 0.003 
and 0.607. The indirect effect is 0.002, and the Sobel test is 0.279, both of which are 
positive and the same as with the above analysis. Finally, temperature change has a 
positive and significant influence on natural disasters at 2.106. In addition, the coef-
ficient of DISAD in Column (6) is 0.056, showing that the mediating effect is 0.118 
and significant at the 10% level. In short, this paper gets similar results by using the 
method of stepwise regression, and the original method is valid.

5 � Conclusion and policy implication

Based on unbalanced panel data of 127 countries in the world during 2005–2018, 
we use the three-stage least square method and mediating effect model for param-
eter estimation to study the indirect effect of climate change on bank performance 
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through the economic losses of natural disasters. The main conclusions are as 
follows. First, forest land has a strong negative effect on the non-performing loan 
ratio and an insignificantly negative impact on the ratio of capital to assets. Car-
bon dioxide emissions and temperature change also have significantly positive 
effects on the non-performing loan ratio, but negative influences on the ratio of 
capital to assets. Second, forest land decreases the economic losses and deaths 
due to natural disasters, which also decrease banks’ non-performing loan ratio. 
However, carbon dioxide emissions and temperature change increase the eco-
nomic losses and deaths from natural disasters, which raise banks’ non-perform-
ing loan ratio. We also find that forest land increases the ratio of bank capital 
to assets through decreasing natural disasters, and carbon dioxide emissions and 
temperature change decrease the ratio of bank capital to assets via increasing nat-
ural disasters. Finally, the mediating effect is significant in high-income countries 
and insignificant in low-income countries.

The conclusions of our paper can be helpful to improve climate change, pre-
vent natural disasters, and promote financial institutions. The key to maintain-
ing the normal operations of banks is to decrease CO2 emissions, increase for-
est land, strengthen infrastructure, improve the income and livelihood of humans, 
and develop industry ecologically. Thus, the policy implications of this study’s 
conclusion are the following three aspects.

(1) How to improve climate change? First, governments should increase forest 
land and grassland. Developing countries should improve science and technol-
ogy and do not cut down trees and grasslands to develop the economy. Moreover, 
a government should punish those deforestations by constructing a strong regu-
latory system. Second, it is reasonable to develop cities ecologically. The gov-
ernment must increase revenue to increase the coverage of green plants per unit 
of urban area. It is also important to raise the use of clean energy vehicles and 
reduce the use of motor vehicles. The industry also needs to improve its tech-
nology and innovation and accumulate pollution treatment technology at home 
or abroad, which can help reasonably utilize waste during production and min-
imize pollution to the environment. Finally, global climate change has become 
more serious currently, and countries need to increase research funds for reduc-
ing its current level, especially for greenhouse gases in the atmosphere. There is 
an urgent need to strengthen cooperation among countries to improve human life 
through environmental protection.

(2) How to prevent natural disasters? It takes much time to turn around climate 
change. Hence, the main goal at this stage is to develop technologies to improve it 
and prevent natural disasters caused by it. First, it is necessary to establish reason-
able dam structures for those regions prone to floods and improve the mobilization 
mechanism of the affected population so as to minimize deaths and economic losses. 
Second, the government needs to improve the quality of buildings and plant more 
trees to prevent economic losses caused by tsunamis and storms in coastal areas. In 
addition, it is necessary to establish monitoring equipment on the coast and at sea 
that can detect natural disasters as soon as possible. Finally, poor developing coun-
tries have a weak ability to deal with natural disasters. Other countries, especially 
developed ones, should supply technology and equipment to these poor developing 
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countries to help prevent natural disasters and provide humanitarian assistance to 
countries that have already suffered from natural disasters.

(3) How to promote the performance of financial institutions? The development 
of financial institutions in low-income countries is backward and cannot accumulate 
sufficient and effective deposits in order to create loans and investment for individu-
als and enterprises. Hence, other developed countries should provide technical sup-
port and offer their experience to financial institutions of low-income countries. Sec-
ond, the government needs to establish financial supervision institutions and a solid 
credit reporting system to prevent corruption, non-performing loans, etc. Finally, 
financial institutions also should set reasonable interest rates for deposits and loans, 
so that residents and enterprises are willing to make deposits and request loans. Fur-
thermore, banks must use the assets from residents and enterprises to invest in other 
enterprises and projects in order to ensure the valid use of funds.
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