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Abstract

We provide a comprehensive cross-country analysis on the impact of national incapacity to cope with natural hazards (i.e.,
social shocks, political stability, health care, infrastructure, and material security needed to reduce the harmful effects of
natural disasters) on financial development. The panel quantile regression analyses on a global sample of 130 countries
generally confirm that the financial development of countries with lower capacity to cope is indeed significantly hampered
compared to their peers, especially in countries with low financial development levels. Seemingly unrelated regression
(SUR) analyses, which acknowledge the dynamic co-existence between both financial institutions and financial market
sectors in a given economy simultaneously, offer notable finer details. For example, the handicapping effect on both sec-
tors tends to apply to only countries with higher climate risks. Lack of coping capacity also exert negative effects on the
development of financial institutions in countries of all levels of income but only affect financial markets of high-income
group. The more detailed look into different dimensions (financial efficiency, financial access, and financial depth) of finan-
cial development is also given in our study. Overall, our findings highlight the vital and complex role of “coping capacity”

aspect of climate risk on the sustainable development of financial sectors.

Keywords Climate risk - Financial development - Coping capacities - Financial institutions - Financial market

Introduction

There is a growing literature that indicates climate change
as an emerging financial risk and expansively examines its
impact on wide-ranging aspects of financial economics.
However, the more “in-control-by-human factor” angle of
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the issue regarding the readiness to cope with such clear
and present danger has been relatively less emphasized.
We argue that there is a need to look beyond the likeli-
hoods (e.g., exposures) of experiencing climate change
events themselves. While such occurrences have become
more frequent in the recent years, their impacts may be
only short run. Attention to this point is still very limited
in the literature. As an example, Klomp (2016) shows that
natural disasters appear to reduce overall economic devel-
opment but this effect is rather short-lived. To the extent
that climate changes themselves are not entirely predict-
able (and yet systematic and can cause hesitations among
economic agents in each economy from time to time), the
most rational way for a nation to deal with it is to build up
the coping capacity to natural hazards. In this way, long-
term confidence towards weathering climate changes can
be restored. The higher exposure to climate risk, the more
damaging to economic agents’ confidence in response to
the lack of capacity to cope with such events. In this study,
we provide the first comprehensive analysis on the impact
of national incapacity to cope with natural hazards on its
financial development.
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The development of financial sector has long been rec-
ognized as a crucial driver of economic development (see,
e.g., Levine 1999; Beck et al. 2000; Levine and Zervos
1996, among others). In extension, financial development
can also exert significant repercussions on various dimen-
sions of development such as social issues (Chiu and Lee
2019; Bittencourt et al. 2019; Altunbas and Thornton 2019)
and environmental problems (Yao et al. 2021; Usman et al.
2021; Nguyen et al. 2021; Nasir et al. 2021). Hence, under-
standing the determinants of financial development is widely
important for both scholars and policymakers.

However, in studying financial development, it is essen-
tial to acknowledge both Financial institutions and finan-
cial markets in the same framework as they all matter to
the optimal allocation of wealth for economic agents in a
nation. Due to data limitation, most previous studies are
forced to employ simply proxy such as market size of stock
market or credit market (Voghouei et al. 2011) as the indi-
cators of financial development or they are investigated
separately altogether (Law and Habibullah 2009). Until
recently, the introduction of a new broad-based index of
financial development by Svirydzenka (2016) has allowed
researchers to ‘more comprehensively’ study this variable.
In the same vein as more recent studies that investigate
the determinants of financial development, our dependent
variables are largely based on the special data provided by
Svirydzenka (2016).

Another uniqueness of the above financial development
data is that it allows researchers to consider the multi-
dimensions of financial development, and in both financial
sectors (financial institutions versus financial markets). Sev-
eral recent studies have shown that different dimensions
of financial institutions or financial markets would develop
varying across countries (Phuc Nguyen et al. 2020). These
dimensions are (1) financial access, (2) financial efficiency,
and (3) financial depth and they would have different roles
in socio-economic-environmental development (Nguyen
and Su 2021a, b; Le et al. 2020; Canh and Thanh 2020).
Financial access refers to the ease and ability of individuals
and corporations in an economy to gain access to financial
services and transactions in either financial sector (institu-
tions and markets). Financial efficiency is tricky in the per-
spectives of financial institutions versus financial markets.
For institutions, efficiency means “cost” efficiency and thus
profitability of banks operated in an economy. It ensures the
survival of financial institutions who perform the duty of
money lending function to the society. On the other hand,
efficiency in the financial market refers to “information”
efficiency whereby transactions in these markets would be
fair and timely, leading to the continuity and survival of
these markets in the long run. Lastly, financial depth can
be described as the volume (size) of financial sectors in
comparison to a nation’s economic output. It thus indicates
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how broad the financial sector can cater economic agents
relatively to how productive they are. Our study thus shed
further light on climate risk literature by analyzing the
influence of coping incapacity to climate changes on all of
these important dimensions within the financial develop-
ment of a nation.

The climate risk is recognized as one of the most chal-
lenging issues in our time (Eckstein et al. 2021; Hong et al.
2019; Zscheischler et al. 2018; Challinor et al. 2017). There
are several severe socio-economic consequences of extreme
natural events (Panwar and Sen 2019; Kapucu and Liou
2014; Noy 2009). For instance, Noy (2009) suggest that
natural disasters could lead to slowdowns in production and
output. Similarly, Panwar and Sen (2019) conclude that natu-
ral disasters exert severely negative impacts on economic
development of 102 countries from 1981 to 2015. These
consequences of climate risk would imply the decreases in
demand side of financial sectors. Moreover, the increases
in climate risk would imply the increases in systematic risk
for activities of financial sectors (Phillips et al. 2020; Chen
and Silva Gao 2012; Charpentier 2008). Thus, it may lead
to risk aversion of financial sectors (Bourdeau-Brien and
Kryzanowski 2020). Overall, both demand and supply side
of financial sector may be negatively impacted by the cli-
mate risk. However, as Klomp (2016) remarks, the adverse
economic impact of natural disaster events themselves could
only short run.

As discussed in Hilft (2020), the emergence of a disas-
ter do not solely depend solely on its severity or the size
of the effects it bear. Indeed, how vulnerable the society is
impacted by the influences of that natural disaster can also
indicate the climate risk. One of the facets that attract con-
siderable attention from scholars is the ability and resource
needed to reduce possible consequences of disruptions origi-
nated from such hazardous events (Sorg et al. 2018; Birk-
mann adn Welle, 2015). We argue that the lack of capacity
to cope with natural disaster events could be more important
in the minds of rational economic agents in the long run.
This is in line with the more recent view regarding proactive
approach in dealing with climate risk among corporations
(Elijido-Ten and Clarkson 2019).

Figure 1 preliminarily shows that the lack of coping
capacities seems to be strongly associated with inferior
overall financial development, and in both financial institu-
tion and financial market sectors. In other words, the actions
of governments in preparing to face climate risk might be
more important for financial system than the status of expos-
ing to natural climate. Japan is an interesting example that
highlights our argument.' For instance, the nation has expe-
rienced numerous natural disasters (earthquakes, among

! We thank an anonymous referee for pointing this out.
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Fig. 1 Lack of coping capacities
to natural hazards and financial
development. a) Lack of coping
capacities to natural hazards and
overall financial development.
b) Lack of coping capacities to
natural hazards and develop-
ment of financial institutions.

¢) Lack of coping capacities to
natural hazards and develop-
ment of financial markets
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others) throughout its history. At the same time, she has
displayed superior capacity and readiness to cope with such
hazards.> As a result, Japan is listed in the top tier group of
nations regarding financial development, relative to coun-
tries around the globe. Remarkably, the impact of coping
(proactive) side of climate risk on financial development
is not studied in the literature and we intend to fill the gap.

To comprehensively investigate the influences of coping
incapacity on climate risk on multidimensional financial
development and among countries with different levels of
financial development, we employ panel quintile regression
analysis. This is necessary as existing literature indicates
that the consequences of natural disasters could vary across
different levels of economic development (Panwar and Sen
2019; Klomp 2016; Kron 2000). Specifically, develop-
ing nations are also more vulnerable to natural risk than
advanced counterparts. Meanwhile, the financial sectors in
developing countries are properly less developed and less
regulated in general (Anginer et al. 2019a, b; Karwowski
and Stockhammer 2017). They are also known for more
risk-seeking activities (Moudud-Ul-Hugq et al. 2018; Wu
et al. 2017). As such, the influences of coping incapacity to
climate risk on financial development may be heterogene-
ous and influenced by outliers (and non-linearity in the rela-
tion between dependent and independent variables) across
countries.

In addition, to investigate simultaneously the effects of
national coping incapacity on the multidimensional finan-
cial development (as mentioned earlier), we apply seem-
ingly unrelated regression (SUR) technique. This is different
from previous studies in the field that have investigated the
determinants of financial institutions or financial markets
and their dimensions separately. SUR is aimed to account for
the shared unobservables among the two sectors and various
dimensions (of financial development) accordingly. This also
facilitates us to contrast between different subsamples based
on national exposures to climate risks and the countries’
income levels.

With the full sample of 130 countries covering the
2011-2019 period, highlighted findings are presented as fol-
lows. First, consistent with our conjecture, the panel quintile
regression analyses broadly confirm that the financial devel-
opment of countries with lower capacity to cope with natural
hazards is indeed significantly worse in comparison. This is
especially true in countries with lower financial development
levels. By acknowledging the dynamic co-existence between
both financial institutions and financial market sectors in
a given economy simultaneously, results from SUR offer

2 The World Economic Forum indicates Japan’s ability to cope with
natural disasters. See: https://www.weforum.org/agenda/2022/11/
cop27-how-japan-is-using-tech-mitigate-natural-disasters/.
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several further details of such relation. For example, it is
rational to observe that the harming effect on financial devel-
opment of both sectors tends to apply to only countries with
higher climate risks (where coping capacity is needed most).
Lack of coping capacity also exerts negative effects on the
development of financial institutions in countries of all lev-
els of income but only affects financial markets of high-
income group (where participations in financial markets
may be more active to begin with but harmed by the sense
of vulnerability due to lack of coping capacity to natural
hazards). Across different dimensions (financial efficiency,
financial access, and financial depth) of financial develop-
ment, lack of coping capacities only impounds significant
negative impacts on the “access” to financial institutions.
It has no significant impact on financial institutions’ depth.
Interestingly, however, coping incapacity enhances financial
efficiency of financial institutions. In other words, it is pos-
sible that lack of capacity to cope with natural hazards in
the national level is exploited by financial intermediaries as
an excuse to charge more to the financial service consumers
(and thus provide them with higher profitability). This is
different from the financial markets as all three dimensions
of financial development suffer from coping incapacity.
Overall, our findings confirm the negative impact of coping
incapacity on financial development but yet imply asym-
metric effects of inability to cope with climate risks on the
development of different financial sectors. Our study thus
highlights the needs for specific and articulated policies in
developing sustainable financial sectors, in the presence of
climate changes, around the globe.

The study is structured as follow. The next section reviews
the literature review. The empirical model, data, and panel
estimates are explained in “Empirical model, data, and esti-
mates.” “Results and discussions” presents the results and
discussion. The final section concludes.

Literature review
Determinants of financial development

Optimally allocating wealth (in the presence of uncer-
tainties) among economic agents in a given economy is a
challenging task. Due to the paramount importance of the
financial system in economic-socio-environmental devel-
opment (including sustainability—see, e.g., Usman et al.
2021; Nguyen and Lee 2021; Nguyen et al. 2021; Busch
et al. 2016), there have been burgeoning studies explor-
ing determinants of financial development. Huang (2010)
and Voghouei et al. (2011) summarize four main drivers of
financial development, namely institutions, macro policies,
geography, and other features.
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In the first strand of literature, the effects of institutions
on financial development have been considerably inves-
tigated through the roles of legal and regulatory systems
(see La Porta et al. 1997; Acemoglu et al. 2001; Beck et al.
2003, among influential studies). The legal and regula-
tory systems related to information disclosure, accounting
standards, financial practices would play important roles
in protecting creditors, shareholders, and borrowers. Thus,
institutional characteristics are emphasized as the founda-
tion of the development of financial sectors (Huang 2010).
Khan et al. (2019) show that institutional quality is a sig-
nificant driver of financial development in the USA over the
period of 1984-2016. Law and Azman-Saini (2012) find
that institutional environment is positively associated with
the banking sector development, while it links with stock
market development in a non-linear manner.

The second strand of literature highlights the importance
of macroeconomic policies, economic openness, and finan-
cial liberalization in financial development (Chinn and Ito
2006; Do and Levchenko 2004; Boyd et al. 2001; Huybens
and Smith 1999). Prior studies explain that macroeconomic
policies would either boost or constrain financial develop-
ment through the demand and supply side. For example, a
prudent policy to keep low inflation would be a good envi-
ronment for financial development (Boyd et al. 2001; Huy-
bens and Smith 1999), while policies to open the economy
and financial liberalization would also stimulate financial
development attributable to the increases of investment and
productivity (Kim et al. 2010; Do and Levchenko 2004;
Bekaert et al. 2002).

The third strand of theories and empirics points out that
geographic features (e.g., latitude, natural barriers, and
resource endowment) might influence financial develop-
ment through their association with economic development.
Specifically, existing literature indicates that latitude would
link with productivity of cropping and production (Gallup
et al. 1999) and the quality of environment (Acemoglu et al.
2001). Natural barriers associated with the geographic loca-
tion of a country, such as the distance from large markets,
would determine its capability in integrating into interna-
tional trade and absorbing knowledge (Malik and Temple
2009; Easterly and Levine 2003). Moreover, natural resource
endowment is essential for a country since it drives export
structure, institutional capacities, and economic develop-
ment (Easterly and Levine 2003).

At last, Huang (2010), among others, indicates “other
potential” determinants of financial development includ-
ing income level, economic growth, population, religions,
language, and ethnic. In which, income level is positively
linked with financial development (Jaffee and Levonian
2001). Another exotic variable is difference in cultures (reli-
gions, language, ethnic) as they could account for the differ-
ences in the process of financial development. Differences in

social norms and beliefs of people in economic and financial
activities emerge as a result (Stulz and Williamson 2003). In
addition, Ashraf (2018) find that trade openness would pro-
mote development of banking system when using a sample
of 37 emerging countries from 2000 to 2012. Zhang et al.
(2015) add that in addition to trade openness, financial open-
ness matters for financial development in China. Ang (2019)
reveals that culture factor (cultural orientation toward indi-
vidualism) can drive financial development in a sample of
97 countries. Recently, Phuc Canh and Trung Thong (2020)
confirm long-run mutual relationships between natural
resources rents and financial development in a sample of 86
economies from 2002 to 2017. Hafer (2016) suggests that
average intelligence level of a country has a linkage with
financial development since individuals with higher levels
of intelligence might save more. Mlachila and Ouedraogo
(2019) add that shocks in commodity prices can alter the
development of financial system in commodity-rich coun-
tries. Or, Cheng et al. (2021) consider the interlinks between
financial development with information technology and eco-
nomic growth.

The economic role of climate concerns

In the context of climate change and global warming, Busch
et al. (2016) emphasize that financial system has witnessed
the shifts in its activities and the linkages with overall devel-
opment, especially on sustainable development. Pioneering
financial institutions tend to develop financial innovations
to support sustainable development (Peeters 2005). As an
example, actors in the financial sector such as banks with
the engagement into environmental issues seem to have less
overall risk (Gangi et al. 2019). Meanwhile, the Intergov-
ernmental Panel on Climate Change (IPCC) has issued a
warning about the rising of several extreme natural hazard
events such as heatwaves, flooding, storms across the globe
as the consequences of climate change (IPCC 2021). Some
studies in literature reveal that climate risk is one of the
greatest risk of our time (Challinor et al. 2017; Urban 2015).
The climate change and climate risk would exert systematic
effects on all economic sectors from growth (Zhang and
Managi 2020), consumption (Nguyen 2022a, b), agricultural
activities (Fuhrer et al. 2006), production (Nguyen 2022a,
b), economic development (Asyahid and Pekerti 2022; Wu
and Guo 2021; Klomp 2016), poverty and income inequal-
ity (Millner 2013; Barrett et al. 2007), or even institutional
frameworks (Ghimire 2021).

Existing literature seems to focus on the influences
of climate risk on players in the financial systems. For
instance, focusing on insurance market in 39 countries from
1984 to 2009, Chang and Berdiev (2013) conclude that the
incidences of natural disasters and its death repercussion
would lead to an increase in insurance consumption. As for
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commercial banks, Klomp (2014) add that natural disasters
increase the default probability of commercial banks across
160 countries from 1997 to 2010. Berg and Schrader (2012)
find that while credit need increases after a volcanic activity,
“access” to credit from banks is reduced. Recently, Do et al.
(2022) emphasize that natural disasters reduce bank stability
in a sample of 907 domestic/local US banks from 2010 to
2019. They explain that natural disasters magnify volatility
in deposit and defaults. To cope with these climate-induced
risks, banks become more cautious and respond by increas-
ing lending margins and loan loss provision.

We note that the above studies limit their scope to only
one aspect/dimension of a financial sector in each economy.
Svirydzenka (2016) emphasize that financial system has a
complex multidimensional nature, whereas a simply indi-
cator such as private credit cannot reflect the overall pic-
ture clearly. Following the important initiations by Cihak
et al. (2012) and Sahay et al. (2015), the multidimensional
financial development indicators including two sub-sectors
(financial institutions and financial markets) and three
dimensions (financial access, financial efficiency, financial
depth) are introduced by Svirydzenka (2016) for a global
sample of 183 countries from 1980s. Subsequently, there is a
rising attention and works regarding multidimensional finan-
cial development and its relationships with economic-socio-
environmental factors (e.g., see Nguyen et al. 2021; Nguyen
and Su 2021a, b and others). In this vein, Phuc Nguyen et al.
(2020) is among few studies focusing on the determinants of
financial development. They document that internet usage
and mobile usage have positive effects on multidimensional
financial development in a sample of 109 economies from
1998 to 2017.

Studies on the impacts of natural disasters on financial
development are still quite limited in the literature. They
also rather focus on the events themselves. Observing 42
severe extreme weather events (storms, floods, cyclones,
earthquakes, and bushfires) and the Australian equity
market, Worthington and Valadkhani (2004) conclude the
financial impacts on financial market in response to these
events are not universal, as they may exert positive and/or
negative on market returns on the day of the event. As for
financial institution sector, Collier and Skees (2012) report
an interesting fact in the case of Peru financial intermediar-
ies where they do use insurance against El Nifio to protect
themselves from natural disaster risk. Using private credit
as a simple proxy of financial development, Keerthiratne
and Tol (2017) find that natural disasters seem to increase
private credit in a sample of 147 countries over the period
of 1979-2011.

However, as noted by Klomp (2016) that the economic
impact of certain climate events themselves could be short-
lived, the real implication of climate “risk” in the longer
term should be the readiness to cope with such events if they
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were to take place (and they will). How vulnerable a finan-
cial system (both financial institutions and financial markets)
is to climate risk is thus largely dependent on the national
capacity to cope with climate situations, not just the likeli-
hood of extreme natural events alone. This is largely miss-
ing in the literature but consistent with the views regarding
risk/uncertainty. Specifically, uncertainty is a situation with
no information of probability (Lawson 1985). Recent devel-
opment of literature shows that uncertainty (i.e., economic
uncertainty or economic policy uncertainty) plays impor-
tant roles in explaining economic activities (Nguyen and Su
2021c; Colombo 2013; Bloom 2009). The literature shows
that increases in uncertainty appear to reduce investment
(Bloom 2009; Bloom et al. 2007) and consumption (Mumtaz
and Surico 2018; Bertola et al. 2005), thus causes downfall
of output (Cesa-Bianchi et al. 2019; Mumtaz and Surico
2018) and employment (Schaal 2017; Caggiano et al. 2017,
2014; Choi and Loungani 2015). As such, we conjecture the
increases of climate risk (due to the lack of coping capacity
within a nation) may negatively affect financial development
from both demand and supply side.

On the supply side, at least, the climate risk is a kind
of systematic risk for the whole economy. Li et al. (2021)
explain that climate risk is induced by climate “change”
along with the complex connections among socio-economic
systems. Climate risk, on the other hand, could be a holistic
risk originated from the interaction, interconnection, and
evolutions of several risks. As such, increases in climate
risk with the nature of risk and uncertainty would expect to
exert negative impacts on economic activities, especially
long-term economic growth (Mendelsohn 2009). Previous
studies (Bowen et al. 2012; Dell et al. 2009, 2008) indicate
that climate risk would reduce economic growth signifi-
cantly. With the increasing risk and uncertainty due to cli-
mate risk and the future growth prospect, financial system
may respond rationally by reducing their risky activities
such as credit supply or investment activities. For instance,
Brei et al. (2019) reveal that after a hurricane strike into
the Eastern Caribbean, local banks witnessed deposit
withdrawals and, immediately reduce credit supply. On
the demand side, the increases of climate risk might also
exert significant negative impacts. Increases in climate risk
with the nature of risk and uncertainty would reduce eco-
nomic activities, unemployment, consumption, and invest-
ment of economic agents. Recent studies emphasize that
climate risk is not only investment risk (Scanlan 2021) but
also financial risk (Wagner 2022; Rudebusch 2021). The
increases of climate risk might stimulate economic agents
increasing savings rather than investments (Huang and Wu
2018). Economic agents are usually more prone in invest-
ments (Hosono et al. 2016).

Our argument to focus on the implication of cop-
ing capacity and not just the climate change exposure
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itself is also consistent with the emerging view regard-
ing sustainability. Financial sector itself has evolved as
a crucial factor for sustainability for a nation (Jeucken
2010). There have also been several innovations to sup-
port sustainable developments from financial systems
(Cortellini and Panetta 2021). Krueger et al. (2020)
report an interesting perception of institutional inves-
tors that they consider risk management or engagement
rather than divestment when dealing with climate risk.
In other words, finance professionals operating in finan-
cial sectors display their preference towards proactive
approaches when it comes to managing climate risk. On
the one hand, financial sectors may follow their own risk
management around climate changes and engagement to
diversify their activities, especially in supplying fund
and financial services. However, such resiliency of a
financial system can only sustain through the boosting
of confidence on the factor that is beyond the control by
actors in the financial sector. The less-studied coping
incapacity on natural hazards on the country level is thus
the main explanatory variable in our study.

Empirical model, data, and estimates

Empirical model

To examine the influences of climate risk on multidimen-
sional financial development, this study bases on the extent
literature of financial development (see Levine 1999, Levine
et al. 2000, Huang 2010, and Voghouei et al. 2011) to form
the baseline model as follow:

MFD;, = f, + fInstitution; + f,Income;

+p;Trade;, + f,HC, +v; + 6, + &, M
where f are coefficient; I and ¢ denote country i at year t;
v, 6 are country-fixed and time-fixed effect, respectively;
18 error terms; Institution, Income, Trade, and HC denote
for institutions, economic development, trade openness, and
human capital, respectively.

The dependent variable, MFD
sional financial development.

As noted in Huang (2010) and Voghouei et al. (2011), insti-
tutional frameworks in the model of financial development
include formal and informal institutions. In this study, formal
institutions are represented by institutional quality (Inst) meas-
ured through the Worldwide Governance Indicators (World
Bank). Meanwhile, informal institutions are measured through
four dimensions: colonial history (Colony), socialist history
(Socialist), civil law system (Civil law), religion characteristics
(Religion), and language characteristics (Language) (see La
Porta et al. 1997; Acemoglu et al. 2001; Beck et al. 2003). The
detail of Eq. (1) is as follow:

.» represents multidimen-

MFD; =f, + f,,Inst; + f;,Colony;, + f,3Socialist; + #,,Civill aw;,
+ pBysReligion; + f,cLanguage; + 2)

prIncome;, + f;Trade; + f,HC; + 7, + 6, + €,

Following recent studies document that urbanization
(Urban) and Internet usage (Internet) (Phuc Nguyen et al.
2020) are also potential determinants of financial devel-
opment, we include these variables as additional control
variables:

MFD;, =f, + p;,Inst; + f;,Colony;, + #,3Socialist;,

+ p14Civil law;, + B,sReligion;, + §;;Language;

3

+ p,Income; + f;Trade; + f,HC;

+ psUrban; + fqInternet;, +y; + 6, + &,

At last, we add climate risk (cRisk) as augmented driver
of multidimensional financial development:

MEFED;, =f, + f,Inst; + p;,Colony; + f;Socialist;,

+ p4Civil law;, + B,sReligion; + §;cLanguage;

“

+ p,Income; + f;Trade; + f,HC;

+ psUrban; + fgInternet; + f;CRisk; +y; + 6, + &;;

Data

We collect the research data from multiple sources. In term
of multidimensional financial development, we collect data
from the financial development database provided by the
International Monetary Fund (IMF), which is measured
by Svirydzenka (2016). In this database, in addition to the
overall financial development, there are two sub-sectors of
financial system: financial institutions and financial markets.
In each sub-sector, there are three dimensions: (i) financial
efficiency, (ii) financial access, and (iii) financial depth.

As such, we have ten indicators: overall financial devel-
opment (FD), development of financial institutions (FI),
development of financial markets (FM), financial institu-
tions efficiency (FIE), financial institutions access (FIA),
financial institutions depth (FID), financial markets effi-
ciency (FME), financial markets access (FMA), and finan-
cial markets depth (FMD).

In term of climate risk, this study collects the lack of
coping capacities to natural hazards index (1Cop) from the
World Risk Reports—(WRR) prepared by Hilft (2020).
WRR provides information of the climate risk for over 170
countries from 2011 toward five important natural hazards:
earthquakes, floods, storms, sea-level rise, and droughts.
1Cop indicates the insufficiency of health care systems, good

3 Full reports from 2011 to 2020 can be downloaded from here
https://weltrisikobericht.de/weltrisikobericht-2020e-neu/#downloads.
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governance, and social and material security. These are vital
infrastructures and tools for a country to cope with natural
hazards. This variable, ICop is utilized in recent studies tar-
geting the risk assessment of climate-related hazards such as
Birkmann and Welle (2015) and Sorg et al. (2018).

The above database is currently among the most com-
prehensive dataset of climate risk for global sample. We
also collect the exposure to natural hazards index (Exp) to
represent for the levels of climate risk in each country, which
would help us to evaluate the influence of lack of coping
capacities on financial development by different levels of
climate risk.

In term of control variables, we collect data from differ-
ent sources. Six institutional indicators (control of corrup-
tion, rule of law, regulatory quality, voice and accountability,
political stability and absence of violence, and government
effectiveness) are collected from the Worldwide Governance
Indicators (WGI). The mean value of six denoted indicators
is used to proxy for the overall formal institutional quality.

Following relevant studies on the determinants of finan-
cial development (e.g., Reynolds and Flores 1989; La Porta
et al. 1999; Acemoglu et al. 2001; Bertocchi and Canova
2002), we employ five dummy variables to proxy for infor-
mal institutions as follows:

(i) The dummy colonial history variable (Colony) which
equals one if country has a colonial history during the
nineteenth and twentieth centuries, otherwise it equals zero

(ii) The dummy socialist history variable (Socialist) which
equals one if country was a socialist country or they are
currently socialist countries, otherwise it equals zero

(iii) The dummy variable of origin of the legal system (Civil
law) which equals one if country has the civil law sys-
tem, otherwise it equals zero

(iv) The dummy religion variable (Religion) which equals
one if country has only one dominant religion (religion
with over 50% of population as its followers), otherwise
it equals zero; and

(v) The dummy variable of language (Language) which
equals one if country has only one official language,
otherwise it equals zero. To define these above dummy
variables, we base on information from the World
Factbook of the CL*

Regarding other explanatory variables, real GDP per cap-
ita (in natural logarithm), urban population (% of total popu-
lation), trade (as a percentage of GDP), and percentage of
individuals using the Internet are recruited from the World
Development Indicators (WDI—World Bank) to proxy for
economic development, urbanization, trade openness, and

4 Central Intelligence Agency.
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Internet usage, respectively. The human capital is proxied by
the human capital index (in log form) from the Penn World
Table version 10.0 (PWT) (Feenstra et al. 2015).

Since the data of climate risk from WRR is available
from 2011, while the data of multidimensional financial
development from IMF is available until 2019, the period
of 2011-2019 is thus chosen as our period of the study. The
choice of this period until 2019 also allows us to exclude
the period of 2020 and 2021, whereas the COVID pandemic
has caused serious challenges for the economy and financial
sector (Matos et al. 2021).

After collecting and matching all variables, we remove
countries with missing data in climate risk or multidimen-
sional financial development. The final sample includes
130 countries (see Table A1, Appendix, for the details of
countries in our sample). Details of variables, calculations,
definitions, sources, and data description are presented in
Table 1.

Panel estimates

In estimating the influence of climate risk on multidimen-
sional financial development using panel data, the problem
of heteroscedasticity should be taken into account (Stock and
Watson 2008). There are different development levels across
countries (Karwowski and Stockhammer 2017). Previous
studies indicate that there are differences in financial systems
across countries originated from differences in regulations
(Anginer et al. 2019a, b) or risk-taking behaviors (Bai et al.
2020; Moudud-Ul-Hugq et al. 2018). Hence, the influences
of climate risk on financial development might be heterosce-
dastic across levels of financial development.

In order to take into account of heteroscedasticity, the
study recruits the panel quantile regression with fixed effects
proposed by Powell (2022) to examine the influences of cli-
mate risk on different quantiles of overall financial develop-
ment. Koenker and Bassett (1978) suggest that the panel
quantile regression would be superior than the ordinary
least square estimate since it helps to estimate the influence
by conditional quantile of the dependent variable (financial
development). Hao and Naiman (2007) further add that
the quantile regression could deal with issue of heteroge-
neity and even outliers. This study follows Powell (2022)
to using the Markov chain Monte Carlo method in running
panel quantile regression with fixed effects. The applica-
tion of fixed effect in panel quantile regression also helps to
account for time-fixed and country-fixed effects (y; and 6, in
above eqgs. 1 to 4).

Next, to estimate the influences of incapacity to cope with
natural hazards on two sub-sectors of financial development
(financial institutions and financial markets), this study con-
ducts a more comprehensive analysis than previous stud-
ies. In fact, most previous studies (references) examine the
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Table 1 Variables, definitions, calculations, sources, and data description

Variable  Definition Calculation Source Obs Mean S.D Min Max

FD Overall financial development Financial development index IMF 1170 0.368 0.236 0.046 0.983
FI Financial institutions’ development Financial institutions index IMF 1170 0.454 0.214 0.084 1.000
FM Financial markets’ development Financial markets index IMF 1170 0.271 0.275 0.000 0.965
FID Financial institutions depth Financial institutions depth index IMF 1170 0.317 0.276 0.016 1.000
FIA Financial institutions access Financial institutions access index IMF 1170 0.395 0.270 0.000 1.000
FIE Financial institutions efficiency Financial institutions efficiency index IMF 1170 0.603 0.111 0.187 0.835
FMD Financial markets depth Financial markets depth index IMF 1170 0.280 0.301 0.001 1.000
FMA Financial markets access Financial markets access index IMF 1170 0.275 0.295 0.000 1.000
FME Financial markets efficiency Financial markets efficiency index IMF 1170  0.246 0.343 0.000 1.000
Exp Exposure to climate risk Exposure to natural hazards index WRR 1170 14.73 8.631 0.050 57.62
LCop Lack of coping capacities to climate risk Lack of coping capacities index WRR 1170 67.40 15.57 35.16 94.14
Inst Overall formal institutional quality Average of six institutional indicators WGI 1170 0.100 0.863 -2.000 1.873
Income  Economic development level Real GDP per capita (in log form) WDI 1170 8.792 1.422 5.628 11.60
Internet  Information technology development Individuals using the Internet (% of popu- WDI 1170 49.89 30.12 0.000 99.70

lation)
Trade Economic openness Trade (% GDP) WDI 1170 84.47 55.19 0.000 380.1
HC Human capital accumulation Human capital index (in log form) PWT 1170 0.944 0.284 0.160 1.471
Urban Urbanization Urban population (% of total population) WDI 1170 60.47 22.61 10.92 100.0
Colony Colonial history Dummy variable, equals 1 if country has 1170  0.546 0.498 0.000 1.000
colonial history, otherwise equals 0
Socialist ~ Socialist history Dummy variable, equals 1 if country has 1170  0.469 0.499 0.000 1.000

socialist history or a current socialist,
otherwise equals 0

Civilaw  Civil law system Dummy variable, equals 1 if country has 1170  0.523 0.500 0.000 1.000
the origin civil law system, otherwise
equals 0

Religion  One dominant religion Dummy variable, equals 1 if country has 1170  0.708 0.455 0.000 1.000

one dominant religion that accounts for
more than 50% of population, otherwise
equals O

Language One official language Dummy variable, equals 1 if country has 1170 0.723 0.448 0.000 1.000
one official language, otherwise equals 0

The data of financial development is collected from the financial development database from IMF, which is calculated by Svirydzenka (2016)
WRR is the WorldRiskReports by Biindnis Entwicklung Hilft (www.WorldRiskReport.org)

WGI is Worldwide Governance Indicators of World Bank (see https://info.worldbank.org/governance/wgi/)

WDI is World Development Indicators of World Bank (see https://databank.worldbank.org/source/world-development-indicators)

PWT is the Penn World Tables version 10.0 (https://www.rug.nl/ggdc/productivity/pwt/?lang=en)

Other data of informal institutions are collaborated by authors from previous studies:

O Colonial history is defined as Yes if this country used to be colonized by the UK, or Spanish, or Portugal in nineteenth or twentieth century
following ideas of Bertocchi and Canova (2002). Data is collected from Bertocchi and Canova (2002) and our collaboration

O Socialist is country who used or is currently Socialist. Data is formed by our elaboration

O Law systems are defined by the origin of their law systems following civil law or others (common law, Islam law, or others), the law system
classification is followed the idea of La Porta et al. (1999) and some data is collected from Reynolds and Flores (1989), remained data is man-

ual collected from the World Factbook of Central Intelligence Agency (CIA) (see https://www.cia.gov/library/publications/the-world-factbook/
fields/308.html)

O Dominant religion is defined by the religion that has more than 50% of population as followers. The religion is followed the ideas of Cheibub
et al. (2010) and Cooray and Potrafke (2011) and the data is manual collected from the World Factbook of CIA (see https://www.cia.gov/library/
publications/the-world-factbook/fields/401.html#XX)

O Official language is defined from data of World Factbook of CIA
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determinants of financial institutions and financial markets,
separately. However, it is important to notice that the two
sub-sectors have inter-connections. Moreover, climate risk
appears to be a common risk for both sub-sectors. As such,
this study would simultaneously estimate the influences of
coping incapacity on financial institutions and financial mar-
kets through the system equation below:

In order to estimate the system Eq. (5), this study employs
the seemingly unrelated regression (SUR) technique by Zell-
ner (1962). We employ SUR estimate since there are related
services and competition between the two financial sectors,
namely financial institutions (e.g., banks) and financial
markets (e.g., stock markets). In addition, economic agents
might also use services from both sub-sectors for their

FL, = B, + By Inst; + B,Colony;, + f5Socialist; + §,,Civillaw; +
+p,sReligion;, + f;sLanguage; + f,Income; + f;Trade; +
+ﬁ4H(,3,~t + ﬁSUrbanit + PeInternet; + p,CRisk;, + vt O, + &, 5)
FM;, = ,ﬂo + B, Inst;, +,/312C010nyit + ﬂI}SOCialiStit + ﬁl ,Civillaw; +
+p,;Religion, + f, Language; + f,Income;, + f;Trade; +
+,B:1HCit + ,B;Urbanit + ﬁé)Internetit + ﬂ;CRiSkitﬂ/i’ + 5; + 52{

needs. As such, two sub-sectors would be related and the
error terms in their equations in system Eq. (5) are possibly
correlated. In this case, the SUR estimate is indicated as the
most appropriate estimations.

Next, the study examines the influences of climate risk
on three dimensions of each sub-sector including financial
access, financial depth, and financial efficiency. As similar
as the case of two sub-sectors, three dimensions of each
sector would have linkages together, while two sub-sectors
are related. As such, the study would simultaneously esti-
mate impacts of coping incapacity to climate events on these
dimensions in the system equation below:

As the case of financial institutions and financial mar-
kets, this study employs SUR model to estimate the system
Eq. (6).

Results and discussions
Empirical findings

First, the Table 2 presents the influences of lack of coping
capacities to climate risk on overall financial development in

FID, = f; + ﬂllllnstit + B, Colony;, + p,Socialist; + p,Civillaw,+
+,8115Religi0nit + ,BlléLanagueit + ﬂzllncomeit + ﬁ;Tradei[+
+ﬁiHCit + ﬂ51 Urban;, + ﬁﬁllnternetil + ﬁ71 CRiskit+y3+5l1 +£i1[
FIA; = f; + p},Inst, + f,Colony; + f,Socialist;, + f7,Civillaw; +

4

+p7Religion; + p7 Lanague; + f5Income; + f2Trade; +
+B7HC,, + pzUrban; + fZInternet; + ﬁ;CRiskit+)/l.2+53+.5i2t
FIE; = ﬁg + ﬁfllnstit + ﬂ132C010nyi[ + ,Bf3SO(:ialistit + ,Bf4CiVillawit+
+B;Religion; + f§; Lanague; + f;Income; + f;Trade; +

+B;HC; + pUrban; + fiInternet; + fICRisky+y +5,+e> )
FMD;, = f; + f},Inst, + p},Colony; + p},Socialist;, + f;,Civillaw; +
+,Bf5Religi0nit + ﬁf()Lanaguen + ﬁg Income;, + ﬁg Trade; +
+B{HC; + pUrban; + f¢Internety + p3CRisk+yi+5;+e!
EMA, = B3 + 5, Inst. + B3,Colony; + f,Socialist;, + f,Civillaw; +
+p Religion; + p) Lanague; + f)Income; + f3Trade; +
+BHC,, + p;Urban; + fInternet; + ﬂ?CRiskit+yf+6f+£ff
FME; = g5 + { Inst, + p Colony; + p% Socialist;, + g%, Civillaw;+
+p%Religion; + B¢ Lanague; + fSIncome; + fTrade; +
+ﬁ2HCit + ﬁSGUrbanit + ﬁglnternetit + ﬁ?CRiskit+7/?+5f+£i6t
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global sample across five quantiles of the outcome variables
(0.1,0.25,0.75, and 0.90).°

In term of main explanatory variables, the results in
Table 2 show that lack of coping capacities to climate risk
appears to have significance negative effects in low quantiles
(0.10, 0.25, 0.50) and insignificance negative effects in high
quantiles of financial development (0.75, 0.90). This means
that the increases in lack of coping capacities toward climate
risk appear to be a harmful factor for overall financial devel-
opment, especially in countries with low levels of financial
development.

In term of control variables, the estimates show some
main results. Overall, institutional quality (Inst) has a posi-
tive effect on overall financial development, which are sta-
tistical significance at high quantiles (0.50, 0.75, 0.90).
Economic development (Income) has a positive relation-
ship with overall financial development in quantiles 0.50.
Moreover, Internet usage mostly has a positive but insig-
nificant effect, and trade openness has a negative but insig-
nificant impact. Both urbanization and human capital have
positive effects and are statistical significance at quantiles
0.25 and 0.50.

Second, the simultaneous effects of climate risks on two
sub-sectors (financial institutions and financial markets)
for the global sample are estimated by SUR model and
presented in Table 3.

In terms of main explanatory variables, as shown in
Part A — Table 3, the lack of coping capacities has signifi-
cantly negative impacts on both financial institutions (FI)
and financial markets (FM) in global sample (model 1).
The results are robust and consistent with subsample with
high level of exposing to climate risk (model 3), while the
effects are insignificant in subsample with low level of
climate risk (model 2). It thus suggests that the negative
effects of lack of coping capacities on financial institutions
and financial markets are prominent only in countries with
high exposing to climate risk, which is rational.

The results for three subsamples by income levels
in Part B — Table 3 offer notable findings. The negative
effects of lack of coping capacities on financial institu-
tions and financial markets are statistically significant in
high income countries (HICs—model 6). Meanwhile, the
effects of lack of coping capabilities are only statistically
significant in the effects on financial institutions (models
4-5). The findings imply that climate risk seem to be more

3 It is important to notice that variables of informal institutions (Col-
ony, Socialist, Civil law, Religion, and Language) do not appear in
the results in Table 2 since they are dummy variables that are omitted
when regressing by panel quantile regressions.

important for financial institutions in low- and middle-
income countries.

In term of control variables, formal institutional quality
has significant positive effects, while informal institutions
(Colony, Socialist, Civil law, Religion, and Language) have
mixed coefficients. Country with colonial history, socialist
history, one official language appears to have lower devel-
opment of both sub-sectors since the estimated coefficients
for these dummy variables are negative and significant at
1% level.

Meanwhile, country with civil law system seems to have
higher financial institutions development but lower financial
markets development. Economic development has positive
effects on both sub-sectors, while internet usage, especially
trade openness, appear to have negative effects. Human capi-
tal has a positive effect on financial institutions development
but a negative one on financial markets development.

Third, the study estimates the simultaneous effects of
climate risk on three dimensions of both sub-sectors. The
results are presented in Table 4 above for the global sam-
ple. The results show that lack of coping capacities to cli-
mate risk mostly have significant negative impacts on all
dimensions of two sub-sectors except the case of financial
institutions efficiency. In our interpretation, it is possible
that coping incapacity of a nation enhances financial effi-
ciency of financial institutions. To the extent that finan-
cial efficiency for financial intermediaries refers to their
profitability, it is possible that lack of capacity to cope
with natural hazards in the national level offers financial
institutions justifications to charge more to the financial
service clients (and thus provide them with higher prof-
itability). The simultaneously effects of climate risk on
three dimensions of two sub-sectors are also estimated for
three subsamples (LMCs, UMCs, and HICs) and reported
in Tables A2, A3, A4 (Appendix), respectively. The sum-
mary is presented in Table 5 below.

In high-income countries (HICs), the results show
that lack of coping capacities appears to have significant
negative effects on all dimensions of two sub-sectors. In
UMCs, lack of coping capacities has significant negative
effects on financial access of both financial institutions
and financial markets, while it has insignificant posi-
tive effects on other dimensions. In LICs, lack of cop-
ing capacities appears to only have a significant negative
effect on financial institutions access, while effects on
other dimensions are not statistical significance.

Discussions
The results of our study suggest that natural risk indicated by
the lack of coping capacities to natural hazards have negative

influences on overall financial development. Prior literature
shows that some natural disasters may have a positive impact

@ Springer



Environmental Science and Pollution Research

Table 2 Climate risk and
overall financial development:

Lack of coping capacities to climate risk and financial development

Panel quantile regression Quantiles: 0.10 0.25 0.50 0.75 0.9

Dep. var: FD (6) (7 ®) ©) (10

Inst 0.0046 0.0103 0.0177%* 0.0257##:* 0.0311%**
[0.0133] [0.0096] [0.0071] [0.0094] [0.0128]

Income 0.0248 0.0215* 0.0172* 0.0126 0.0094
[0.0171] [0.0125] [0.0092] [0.0122] [0.0166]

Internet 0.0002 0.0002 0.0002* 0.0001 0.0001
[0.0002] [0.0001] [0.0001] [0.0001] [0.0002]

Trade —0.0001 —0.0001 —0.0001 —0.0001 —0.0001
[0.0001] [0.0001] [0.0001] [0.0001] [0.0001]

HC 0.0350 0.0418 0.0508%* 0.0603* 0.0668
[0.0451] [0.0328] [0.0241] [0.0321] [0.0437]

Urban 0.0031%* 0.0027%* 0.002 1% 0.0015 0.0011
[0.0015] [0.0011] [0.0008] [0.0011] [0.0014]

LCop —0.0019%* —0.0016%** —0.0012%%* —0.0008 —0.0005
[0.0008] [0.0006] [0.0004] [0.0006] [0.0008]

Observations 1170 1170 1170 1170 1170

Results are estimated by the panel quantile regression with fixed effects; standard errors are in brackets; *,
** kEk are significance levels at 10%, 5%, and 1%, respectively

in the long run on energy consumption (Doytch and Klein
2018) and FDI (Doytch 2020). Such positive association can
be explained by the “creative destruction” growth hypoth-
esis when economies witness the increased energy and capi-
tal demand associated with rebuilding process and replacing
outdated technologies. As argued previously, the negative
effects of climate risk on financial development could origi-
nate from both demand and supply side. In other words, the
risk and uncertainty of catastrophic events would lead to
rational responses from both fund providers (e.g., banks) and
users (e.g., firms). Specifically, risk and uncertainty associ-
ated with climate exposure create negative repercussions on
economic activities, thereby decreasing risky activities such
as credit provision (the supply side) and deteriorating invest-
ment activities (the demand side) of firms and households.
These findings also reveal that the heterogeneous influ-
ences of lack of coping capacity on natural hazards depend
on the levels of financial development. Specifically, countries
with lower levels of financial development would be hit harder
by such incapacity, and vice versa for countries with higher
levels of financial development. Such evidence is in accord-
ance with Melecky and Raddatz (2015) and McDermott et al.
(2014), suggesting that financial development may restrain
disaster consequences via easing financial constraints of eco-
nomic agents in the aftermath. We also share a common view
with Klomp (2016) which shows a larger impacts of natural
disasters on the economic outcome of countries with lower
financial development. Indeed, in countries characterized by
highly developed economic and financial markets, the exer-
cise of risk management and diversification strategies is more

@ Springer

feasible, thereby alleviating the negative dampen effects of nat-
ural risk. To a broader literature, since financial development
matters for economic development (Levine and Zervos 1996;
King and Levine 1993), this study offers a possible mechanism
explaining the negative association between natural disasters
and economic growth. McDermott et al. (2014) also find that
the negative consequences of natural disasters is alleviated by
higher financial development.

Moreover, our works highlight the notion that climate
risks, measured by the lack of coping capacities, exert strong
and negative repercussions on both financial institutions and
financial markets. Thus, enhancing capabilities of societies
to minimize negative impacts of natural hazards and climate
change through direct actions and available resources should
be on the agendas of policymakers.

By conducting deep analysis on six dimensions of the
development of financial institutions and financial markets,
the results comprehensively reveal the vulnerabilities of finan-
cial institutions’ functions (depth and access) to climate risk.
Specifically, access to financial services provided by financial
institutions is negatively related to the lack of coping capabili-
ties to climate risk. Our evidence is thus in line with a relevant
study by Berg and Schrader (2012), who point to a reduction
in credit access after a shock of natural disaster.

The effects of climate risk seem to have heterogeneous
impacts on financial development across countries with dif-
ferent levels of economic development. The positive effects
of exposure to climate risk are found in various specifi-
cations focusing on LMCs, which are in accordance with
(Keerthiratne and Tol 2017).
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Table 4 Climate risk and
financial development: three

dimensions in two sub-sectors

Table 5 Climate risk and
financial development: three

dimensions in two sub-sectors
for three subsamples (summary)

Dep. var: FID FIA FIE FMD FMA FME
Inst 0.2041##%  —(.0509%** 0.0391 %% 0.0434%* —0.0249 0.0108
[0.0140] [0.0155] [0.0098] [0.0174] [0.0172] [0.0243]
Colony —0.0276***  —0.0014 —0.0266%**  —0.0646%** 0.0301%* —0.1994 %33
[0.0106] [0.0117] [0.0074] [0.0132] [0.0130] [0.0184]
Socialist —0.0705*%**  —0.0216* 0.0218*#*  —0.1307%** —0.1107*** —0.0699%**
[0.0101] [0.0111] [0.0070] [0.0125] [0.0124] [0.0175]
Civil law —0.0553%* 0.0958*#*  —(.0349%**  —0.0667*** —0.0501%**% —(0.0632%**
[0.0103] [0.0114] [0.0072] [0.0128] [0.0127] [0.0178]
Religion 0.0100 0.0400***  —0.0109 0.0005 0.0362%#**  —(.0284*
[0.0097] [0.0107] [0.0067] [0.0120] [0.0119] [0.0168]
Language —0.0641%** 0.0036 —0.0070 —0.0601%**  —0.0492%%*  —(.0302%*
[0.0104] [0.0115] [0.0073] [0.0130] [0.0128] [0.0181]
Income 0.0317%%* 0.0637%* 0.0352%3#: 0.0917#3: 0.1146%** 0.1295%3*
[0.0099] [0.0109] [0.0069] [0.0123] [0.0122] [0.0172]
Internet —0.0007* —0.0007* 0.0005%* 0.0001 0.0014#**  —0.0015%*
[0.0003] [0.0004] [0.0002] [0.0004] [0.0004] [0.0006]
Trade —0.0005***  —0.0001 —0.0001 —0.0006%* 0.0002 —0.0018%**
[0.0001] [0.0001] [0.0001] [0.0001] [0.0001] [0.0002]
HC 0.0463* 0.2091***%  —0.0196 —0.1747%%%  —0.1125%%+  —0.0200
[0.0268] [0.0296] [0.0187] [0.0333] [0.0329] [0.0465]
Urban 0.0002 —0.0004 —0.0001 0.0001 —0.0013%* 0.0008
[0.0004] [0.0004] [0.0002] [0.0004] [0.0004] [0.0006]
LCop —0.0014 —0.0079%3: 0.0032%#**  —0.0061%**  —0.0048*** —0.0038%**
[0.0011] [0.0012] [0.0007] [0.0013] [0.0013] [0.0018]
Constant 0.2538** 0.1724 0.1199 0.2595%* —0.2305 —0.2180
[0.1264] [0.1394] [0.0882] [0.1570] [0.1554] [0.2191]
Observations 1,170 1,170 1,170 1,170 1,170 1,170
R-squared 0.7141 0.6370 0.1333 0.6279 0.6206 0.4445

Results are estimated by the seemingly unrelated regressions (SUR); standard errors are in brackets; *, **,
##% are significance levels at 10%, 5%, and 1%, respectively

LMCs sample, SUR estimate

Dep. var: FID FIA FIE FMD FMA FME

LCop - = - + + -
UMCs sample, SUR estimate

Dep. var: FID FIA FIE FMD FMA FME

LCop + 4 + + = +
HICs sample, SUR estimate

Dep. var: FID FIA FIE FMD FMA FME

LCOp _a _b _c _a _a _a

Detail results are reported in Tables A2-A4 (Appendix); the results are the simultaneously effects of each
indicator of climate risk (LCop) on six indicators of financial development by the Seemingly unrelated
regressions (SUR); +/— are positive/negative coefficients of each indicator of climate risk on each financial
development indicator; b.care significance levels at 10%, 5%, and 1%, respectively
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Conclusions

Using a sample of 130 countries from 2011 to 2019, we provide the
first empirical investigation on the impacts of national vulnerability
towards climate risk exposure (due to lack of coping capacity) on
the development of financial institutions and financial markets. The
overall results, based on panel quintile regressions, suggest that the
lack of coping capacity significantly impedes financial development,
especially in countries with low financial development levels. Nev-
ertheless, the more complex dynamics of the relation are also worth
noting when we further disaggregate countries into three different
income groups to gain deeper understanding of the influences of
climate risk. For example, the results indicate that the lack of coping
capacities has significantly negative impacts on the development of
both financial institutions and financial markets in HICs, while it is
more importance for financial institutions in LICs and UMCs. Lastly,
acloser look into different dimensions of financial development itself
reveals that coping incapacity appears to have significant negative
impacts on most dimensions of two sub-sectors (financial institutions
and financial markets). Remarkably, the lack of coping capacity to
natural hazards has positive effects on financial institutions efficiency
(and thus allowing them to profit more in the process). The finer
details of the relations offer insights to policy makers and warrant
further looks into various aspects of this dynamic.
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