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ness, and (iii) whether the effects vary across different types
of banks. Analyzing a comprehensive data set on natural cata-
strophes and detailed financial statements for 9,928 banks that
operate in 149 countries, the main finding is that damages from
disasters matter: they negatively affect capital ratios, and the
severity of their impact depends on a bank’s location, capital-
ization, and business model. Particularly, the results show that
accounting measures of solvency are more sensitive to disasters
than are regulatory measures. Evidence of a bank’s sensitiv-
ity to natural disasters and the suitability of capital ratios to
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tions and regulatory authorities in designing appropriate risk
mitigation strategies.
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1. Introduction

The recent rise in the frequency and severity of natural disasters
such as floods, droughts, wildfires, and extreme winds (hurricanes,
typhoons, tornadoes, etc.) is often attributed to climate change, and
climate change itself to our production and consumption behavior
(Rummukainen 2012; Mechler and Bouwer 2015; World Economic
Forum 2018). Because natural disasters primarily affect the real
economy, research on their economic effects has mainly focused on
their impact on production and growth (Hallegatte 2014; Arouri,
Nguyen, and Youssef 2015; Lesk, Rowhani, and Ramankulty 2016).
Only recently has research started to explore how such disasters
affect financial institutions and the broader financial markets. The
relevance of natural disasters for the risk and the risk management
of individual institutions can be explained through their claims—
e.g., via loans, bonds, and stocks—on the real economy. In addition,
financial institutions, particularly banks and the banking network,
may be exposed to operational risks if disasters hit the institutions’
physical locations and computer systems. Finally, if banks have to
cut their lending following a disaster, it reduces their income oppor-
tunities and imposes capital constraints on their customers (Brei,
Mohan, and Strobl 2019).

There is a growing concern among financial regulators and cen-
tral banks that damages may affect the financial system as a whole
(Batten, Sowerbutts, and Tanaka 2016). The Network for Green-
ing the Financial System (NGFS), which comprises many of the
world’s most influential central banks and supervisory authorities,
has recently outlined the need to incorporate climate risks into
financial policies and regulatory frameworks (NGFS 2018). In addi-
tion, the European Union’s High-Level Expert Group on Sustainable
Finance (HLEG) has repeatedly argued that the financial system is
a crucial component in any intended moves to shift the overall econ-
omy towards a more sustainable system, i.e., a system that balances
the needs of our economy, society, and ecology (HLEG 2018). Finan-
cial institutions, especially banks, are expected to provide the finan-
cial expertise, backing, and networking necessary for the transition
towards sustainability (SFSG 2018).

Whether and how a given financial institution is affected by
a natural disaster is difficult to assess. Its claims against exposed
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counterparties (e.g., mortgage loans, business loans, etc.) may be
affected with varying levels of intensity. In addition, even if a given
loan has to be written off because, e.g., a firm is forced out of busi-
ness or a residential property is damaged beyond repair and the
homeowners have to default on their loans, the disaster may cre-
ate new demand for loans as restructuring and rebuilding activities
commence (Cortés and Strahan 2017; Barth, Sun, and Zhang 2019).

Challenges may arise from disasters themselves (physical risks) as
well as from changes in the legal framework (transition risks). A fur-
ther complexity arises from the interconnectivity of different actors
in the financial markets that makes them reciprocally vulnerable to
risks. For example, interbank lending in the money markets or the
participation of banks in insurance companies can indirectly transfer
risks among institutions (Battiston et al. 2017). In a similar fashion,
the impact from disasters depends on the risk management strate-
gies of both banks and their customers, i.e., the instruments applied
to hedge the damages from disasters (Benson and Clay 2004). The
multiple factors affecting banks and the banking system may explain
why evidence of the effects from natural disasters is mixed, and a
more granular perspective is needed.

Against the backdrop of the rising frequency and severity of
natural disasters in recent years and the complex effects external
shocks have on bank stability, this study aims to explore whether
and how damages from natural disasters translate into potential sol-
vency problems for banks, whether the effect varies across different
types of banks, and how different measures of solvency reflect this
effect. Particularly, we address the following research questions:

• To what extent do natural disasters affect bank solvency?
• Do natural disasters affect accounting based measures of sol-

vency as much as they affect regulation based measures?
• Are different types of banks affected differently by natural

disasters?

Our study focuses on bank solvency because a bank’s ability to
withstand risks and remain solvent even under adverse conditions is
existential for both its own stability as well as the soundness of the
financial system as a whole (Flannery and Giacomini 2015). Recent
research provides additional evidence that the capital ratio of banks
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has an impact on bank lending in the context of natural disasters.
Rehbein and Ongena (2022) find that banks with low capital levels
tend to lend less in the aftermath of a disaster. Moreover, banks that
have lower solvency ratios and are affected by floods also reduce the
lending to companies not directly affected by a disaster.

Banking regulations typically focus on ensuring that banks main-
tain sufficient capital. The ability of the banking system to man-
age risks is driven both by individual institutions’ ability to absorb
damages and by the diversification of risks within the system
(Batten, Sowerbutts, and Tanaka 2016). Although banking regula-
tions have undergone considerable refinements in recent years, par-
ticularly after the 2007/08 subprime mortgage crisis, they are only
now starting to consider natural disasters as a potential risk fac-
tor (European Banking Authority 2019). Our study aims to shed
light on the possibility that natural disasters may pose the next big
threat for our economy and for our financial system. That way, banks
and bank regulators can better prepare themselves for the predicted
increase in the severity and frequency of such events.

The remainder of our paper is structured as follows: Section 2
provides an overview of the research related to bank solvency and
natural disasters, and further outlines the contribution of this study
in the context of the existing literature. Section 3 develops the under-
lying hypotheses about banks’ sensitivity to natural disasters in
the context of existing theories and discusses the measurement of
this sensitivity. Section 4 explains the database and Section 5 the
methodological approach of the study. Section 6 discusses our results
and explores both the affectedness of specific types of banks from
natural disasters as well as the suitability of the accounting capital
ratio and the regulatory capital ratio to assess this effect. Robust-
ness tests in Section 7 further support the results, and Section 8
concludes.

2. Evidence from the Literature

Thompson (1998) is one of the first authors to include environmental
factors in the risk analysis of banks. He examines the composition
of assets of six major banks headquartered in the United Kingdom
and assigns risk weights depending on the inclusion of environmen-
tally critical industries. His approach is conceptual, with simplified
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assumptions about the risk characteristics of industries and bank
portfolios. In line with this, Klomp (2014) investigates the associ-
ation between natural disasters and bank stability. His approach
focuses on a country’s banking system as a whole and on the sys-
tem’s aggregated z-score. Using data for 169 countries, he concludes
that natural disasters increase the likelihood of bank default. Bat-
tiston et al. (2017) model the climate risk of the financial system
as a whole. Their model is based on the assumption that climate
risk affects the equity holdings of financial institutions in carbon
risk-sensitive industries. They find that first-round effects manifest
as losses in critical equity holdings, while second-round effects are
driven by the connectivity of financial institutions that have been
hurt in the first round.

Cortés and Strahan (2017) investigate the lending behavior of
banks in the aftermath of a natural disaster. They ask how banks
that operate in multiple local markets adjust their lending when
credit demand in a particular local market increases after a natural
disaster. Based on data for the mortgage lending of small banks in
different counties of the United States, they find that these banks
tend to cut loans in non-core connected markets and increase the
securitization of mortgages. In a similar analysis of U.S. banks,
Barth, Sun, and Zhang (2019) conclude that natural disasters incen-
tivize institutions to attract more deposits in order to meet the
higher loan demand, and that therefore they raise interest rates on
both deposits and loans. Koetter, Noth, and Rehbein (2020) obtain
comparable results when analyzing the lending adjustments of Ger-
man banks with credit relationships to corporates affected by the
2013 flooding of the river Elbe. The authors find that after the flood-
ing, banks lend more to disaster-hit firms (in the form of emergency
lending) than to non-affected firms. In addition, banks source their
lending primarily through local savings deposits rather than through
wholesale funding.

After differentiating between affected and non-affected banks,
Schüwer, Lambert, and Noth (2019) apply a similar approach to
assess the adjustment strategies of U.S. banks following a cata-
strophic event. Using Hurricane Katrina as a case study, they exam-
ine how natural disasters affect a bank’s lending, asset allocation,
and capital ratios. The authors further distinguish between inde-
pendent banks and banks affiliated within bank holding companies
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(BHCs) and find evidence that suggests that independent banks
increase their risk-based capital ratios. In another study in which
they examine the impact of multiple disasters on banks in the United
States, Noth and Schüwer (2018) focus on bank stability and bank
performance. They analyze bank accounting ratios such as the return
on assets, z-score, and equity to assets and find that disasters weaken
both bank performance and stability.

Previous studies on the effects of natural disasters and bank sol-
vency take different approaches. Brei, Mohan, and Strobl (2019)
investigate the effects of hurricanes on the aggregate banking system
of seven countries in the Caribbean, and Nguyen et al. (2020) focus
on the affectedness of individual banks from natural disasters, par-
ticularly earthquakes and tsunamis, in seven East Asian countries.
They find that the disasters hit bank liquidity via deposits, but do
not observe negative effects on solvency. Nguyen et al. (2020) mea-
sure the default risk of banks using their z-score, and Brei, Mohan,
and Strobl (2019) use in addition the Tier 1 capital ratio of the
banking system.

Typically, changes in financial regulation are driven by past expe-
riences and aim to address the vulnerabilities that these experiences
have revealed in the financial and economic system.1 However, it
is questionable if this approach is sufficient to avoid future financial
crises. Rather, a complete approach that also includes emerging risks
is called for. The current solvency requirements should be extended
to ensure that banks introduce factors in their capital reserve cal-
culations that account for their susceptibility to the increasing like-
lihood and severity of natural disasters, particularly with respect
to their lending, financing, and investment activities. Accordingly,
risk-weighted assets should be adjusted while leaving the overall cap-
ital requirements at the same level (van Gelder and vander Stichele
2011). This approach is also propagated by Batten, Sowerbutts, and
Tanaka (2016), who argue that weather-related natural disasters can
trigger financial instability and may cause severe damages to the
balance sheets of banks.

1For instance, the Basel III Accord was largely developed in response to the
recent subprime mortgage crisis. In line with the accord, the European Union’s
Capital Requirements Directive (CRD) obliges banks to set aside a minimum
percentage of their capital to cover any potential defaults on their loans and
investments.
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A recent report by the Cambridge Institute for Sustainability
Leadership (CISL) recommends that the Basel Committee for Bank-
ing Supervision should explicitly acknowledge environmental risk
and its increasing impact on the stability of the financial system
(CISL 2016). The report encourages regulators and banking insti-
tutions to adopt new practices to address environmental issues and
incorporate a forward-looking approach to ensure the sustainability
of bank lending activities. From a more comprehensive perspective,
Aiyar, Calomiris, and Wieladek (2015) argue that credit instruments
that are not subject to capital regulation or that constitute no risk
weights will cause undesirable negative effects for the credit supply
of banks. Credit risks from natural disasters as a more recent phe-
nomenon might not yet be considered adequately in risk-weighted
assets or regulatory requirements.

In addition to studies related to banks and banking regulations,
recent work has investigated the effect of disasters on other types of
institutions as well as on the financial value of investments. These
studies emphasize potential channels of disaster risk transmission
and frequently call for novel methodological approaches. Building on
the new climate-economy literature, Balvers, Du, and Zhao (2017)
posit that temperature shocks restrict the growth of companies and
impose a higher cost of equity. Based on the arbitrage pricing the-
ory and a specification for expected temperature levels, they con-
sider temperature shocks as a systematic risk factor and examine
the loading of asset prices to the temperature risk factor. The load-
ing is negative and equates to a higher cost of equity capital of
approximately 0.22 percent. Another consequence of climate change
is the rise of sea levels with further effects on the price of properties
in coastal areas and their use as collateral. Bernstein, Gustafson,
and Lewis (2018) categorize properties into buckets of similar size,
elevation, and zip code, yet with a different exposure to sea-level
rise. They find that properties exposed to sea-level rise trade at a
discount of 6.6 percent compared with those that are not exposed.

This study contributes to the literature by assessing whether
and by how much bank solvency is affected by natural disasters. We
provide a cross-country analysis based on individual banks world-
wide and thus complement existing studies examining fewer coun-
tries (Brei, Mohan, and Strobl 2019; Nguyen et al. 2020) or focusing
on aggregate systemwide evidence (Klomp 2014). Specifically, we
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investigate how different characteristics, business models, and loca-
tions of banks affect their solvency following a natural disaster.
Moreover, we assess the suitability of two alternative measures of
bank solvency to reflect banks’ sensitivity to natural disasters and
their interaction with bank characteristics and locations.

3. Hypothesis Development

Prior studies in this area discuss different measures of solvency and
note that solvency can be expressed from a balance sheet perspective
as a form of accounting equity or from a supervisory point of view
as a more refined risk-based measure of regulatory capital (Flan-
nery and Giacomini 2015; Hogan 2015). We thus employ two differ-
ent types of bank capital ratios in our analysis: (i) the equity ratio
(accounting capital ratio) and (ii) the Tier 1 capital ratio (regula-
tory capital ratio). Accounting equity comprises all balance sheet
components of a bank’s proprietary capital including both common
equity and preferred equity (Cohen and Scatigna 2016). It can be
interpreted as an institution’s risk-bearing capacity based on stan-
dard accounting principles. In contrast, the Tier 1 capital takes a
regulatory and specific risk-based point of view, with Tier 1 capital
generally defined as high-quality equity capital (Basel Committee
on Banking Supervision 2011, 2017).

In order to obtain numbers that are comparable across banks
and years, we standardize the different types of capital. We use
the volume of total assets (TA) to standardize the volume-based
accounting equity (equity ratio), and the risk-weighted assets (RWA)
to standardize Tier 1 capital as risk-adjusted capital (Tier 1 capi-
tal ratio). Risk-weighted assets are based on the Basel II regulation
that in essence have also been retained in the Basel III Accord (Der-
mine 2015). Risk-weighted assets do not comprise all balance sheet
assets of a bank, and the weight of included assets may be below
100 percent or even zero.

Our first hypothesis is in line with the general assumption that
natural disasters have a negative impact on customers and bank
operations and may thus cause losses (Benson and Clay 2004; Brei,
Mohan, and Strobl 2019; Nguyen et al. 2020). Negative effects relate
to the assets and/or counterparties of banks and to the banks’
infrastructure. As natural disasters are a class of emerging risks,
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it is likely that banks have not yet priced them or built reserves.
Specifically, we postulate the following:

Hypothesis 1. Natural disasters negatively affect the solvency of
banks, measured via either the equity ratio (Hypothesis H1A) or the
Tier 1 capital ratio (Hypothesis H1B).

Because the two capital ratios are standardized using a differ-
ent denominator, we can test the behavior of the simple volume-
weighted equity ratio with respect to disasters and compare it with
the behavior of the risk-weighted Tier 1 capital ratio. On one hand,
risk weights are calibrated depending on the type of assets and/or
counterparty and considered more adequate for supervisory risk
assessment; however, they may be more complex and less robust
on the other hand (Dermine 2015; Hogan 2015). Moreover, because
Tier 1 capital is generally understood to be a more refined measure
of a bank’s capitalization, we further propose the following:

Hypothesis 2. The regulatory capital ratio is more sensitive to dis-
aster risk than the accounting capital ratio.

There are also arguments in disfavor of this hypothesis. As reg-
ulators usually align the risk weights of assets based on experiences,
they may not fully reflect the impact from emerging risks such as nat-
ural disasters and contribute to an “ill-defined concept of bank cap-
ital ratios” (Aiyar, Calomiris, and Wieladek 2015, p. 976). Bischof,
Laux, and Leuz (2020) argue that the Tier 1 capital ratio is a license
to operate, and banks manage it actively to keep it at a stable level.
The authors further make the point that based on prudential fil-
ters regulators may add back some losses (e.g., unrealized fair value
losses) in the calculation of regulatory capital. As risk weights of
top-rated companies and countries are very low and often zero, this
further obstructs the adaptability and sensitivity of the Tier 1 ratio.

We further assume that the magnitude of effects on solvency
depends on the characteristics and locations of individual banks.
Particularly, the business model of banks and their size may affect
the damage they are exposed to from natural disasters. Our third
hypothesis, which we also test with respect to the accounting and
regulatory capital ratio, therefore reads as follows:

Hypothesis 3. Disasters affect banks differently depending on the
individual banks’ characteristics.
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4. Data and Data Preparation

This study uses data from the Emergency Events Database (EM-
DAT) and a merged data set of banks’ financial statements from
Bankscope and Fitch. EM-DAT is provided by the Centre for
Research on the Epidemiology of Disasters (CRED) at the University
of Leuven, and contains detailed data on damages and other relevant
information about various types of catastrophes around the globe.
The data are collected from a variety of public and private sources,
and since 2000, the center has enhanced the data by geocoding
each disaster (CRED 2016). Natural (non-technological) disasters
include critical meteorological (e.g., droughts, floods, storms) and
geophysical events (e.g., earthquakes, volcanic eruptions). Figure 1
provides an overview of the average annual damages per country
caused by recorded disasters during the period 2000–17. The dif-
ferent shades refer to the weighted damage ratio of each country,
i.e., the ratio of the total annual damages in a given country to the
country’s gross domestic product (GDP), averaged across our sample
period. Figure 2 provides an overview of the damages caused by dif-
ferent types of disasters during our sample period. The proportion
of damages attributable to the three main categories of disasters
(earthquakes/tsunamis, floods, and strong winds) varies consider-
ably over time and often depends on one or two “mega-disasters”
that caused most of the damages during a given year. For instance,
in 2005, Hurricane Katrina was responsible for a large proportion
of the natural-disaster-related damages during that year, while in
2011 the earthquake leading to the Fukushima nuclear catastrophe
represented a mega-disaster.

Bureau van Dijk (Bankscope) and Fitch Solutions (Fitch) pro-
vide detailed data on banks’ accounting and financial statements.
Bankscope includes extensive information for the years 2000 to 2014
yet limits the range of data offered thereafter. Therefore, we merge
data from Bankscope through the year 2014 with information from
Fitch for the years 2013 to 2017. When matching the two databases,
we perform numerous checks to ensure the consistency of institutions
and parameters included. A first issue is that the names of banks in
Bankscope can differ from those in Fitch. In some cases, banks with
similar names may be located in different countries, or banks can
have several subsidiaries that are located in different cities in a given
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Figure 1. Ratios of Disaster Damages/GDP:
Country-Level Averages for the 18-Year Period (2000–17)

Note: Grey indicates that no data are available.

Figure 2. Distribution of Worldwide Disaster Damages
across Different Types of Disasters, by Year (US$ billion)
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country yet display the same name. Furthermore, for some variables,
the way Bankscope records or calculates the data can be different
from Fitch, and thus variables with the same name in Bankscope
and Fitch are not always identical.2

In a next step, we employ the year 2013 data on total assets from
both Bankscope and Fitch (i.e., the year in which the two databases
overlap) and calculate the following variable which we then use to
further compare the banks in each database:

ADTA =
∣∣∣∣BTA − FTA

BTA

∣∣∣∣ , (1)

where ADTA is the absolute difference in total assets between two
banks, BTA is the value of total assets for a bank in Bankscope, and
FTA is the value of total assets for a matched bank in Fitch.

The distribution of ADTA is shown in Appendix A. If the
absolute difference in the value of total assets is smaller than 0.1
(10 percent), we consider the match to be authentic. In contrast, if
the absolute difference exceeds 0.1, we drop the matched bank pair.

In addition to total assets, we check the consistency of other vari-
ables in Bankscope and Fitch. We again examine the year 2013 data
for 2,895 banks in Fitch, and compare the variable values with those
of their matched counterparts in Bankscope. We use two different
methods for our comparison (see Appendix B). The first method is
based on two correlation measures (the normal correlation and the
correlation after trimming each variable at the 1 percent and 99 per-
cent levels). The respective results are displayed in columns 1 and 2
of the table in Appendix B. The second method employs the absolute
difference ratio, calculated in the same fashion as the absolute dif-
ference in total assets above. If the difference ratio is larger than 0.1
(i.e., a variable value in Fitch is 10 percent larger or smaller than in
Bankscope), we assign a value of “1” (wrong matching); if not, we

2We use the Stata command “matchit” to fuzzy-match the bank names (Stata
2017). This command calculates similarity scores, ranging from 0 to 1, between
every paired bank from Bankscope and Fitch. After matching the names, we
ensure that the countries and cities provided as bank locations in the Bankscope
database are exactly the same as the matched banks in Fitch. If the locations
do not match, we delete the matched banks. Afterwards, we check the rest of
the matched banks manually, to ensure that they are very likely to be the same
banks.
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assign a value of “0” (correct matching). In addition, if the value in
Bankscope is 0 (making it impossible to be used as a denominator
in our percentage difference calculation), then we assign a value of
“0” if the value in Fitch is also 0 (correct matching); otherwise, we
assign a value of “1” (wrong matching). The percentage of “1s” (i.e.,
the percentage of wrong matches) for each variable is shown in col-
umn 3 of the table in Appendix B. We mark the variables we use in
this paper in bold and with grey shading. They exhibit good quality
matching with a correlation higher than 0.99 and a percentage of
difference ratio (at the 0.1 level) of less than 10 percent.

The Bankscope and Fitch databases include banks from around
the world that file their financial statements in different currencies.
In total, we have 9,928 banks in our sample with complete data on
all variables. These banks are located across 149 different countries.
Table 1 reports the geographical distribution.

Some authors suggest keeping data in the original currency and
thus avoid translation effects (Cohen and Scatigna 2016). However,
in order to achieve better comparability (e.g., in terms of size), we
convert all non-US$ figures at the respective exchange rate at the end
of the accounting period. For most of our variables, potential biases
caused by exchange rate fluctuations are avoided, as we work with
standardized data (e.g., capital in absolute terms divided by assets
in absolute terms). Hence, any potential biases arising from currency
fluctuations in the nominator and denominator should compensate
each other.

Appendix C provides definitions for all variables used in our
analysis, and Table 2 reports summary statistics for the variables.
The number of observations of the Tier 1 capital ratio (124,997) is
considerably smaller than that of the equity ratio (164,046). The dis-
crepancy is due to the fact that banks have not always been obliged
to publish regulatory capital ratios. It is worth noting that the Tier 1
capital ratio (Tier 1 capital divided by risk-weighted assets) has a
median of 14.50 percent, much higher than the 6 percent required
by Basel III.

5. Methodology

We assess a bank’s sensitivity to risk based on a series of ordinary
least squares (OLS) and quantile regression approaches. We employ
alternative measures of disaster damages as our main independent
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variables and different specifications of bank solvency as our depen-
dent variables. A major challenge in our analysis is to relate the two
types of variables in a meaningful way. For instance, the EM-DAT
database we use to assess damages from natural disasters reports
disasters over periods of different length, e.g., single-day tornados
or blizzards versus longer periods for floods and droughts. In addi-
tion, the impact of disasters on banks may be immediate, e.g., if they
expose banks to operational risks, or long-term if disasters first affect
the banks’ customers and then gradually transform into credit risks.

To address these issues, we follow Klomp (2014) and design our
main explanatory variable of interest (Damage Ratio) as follows:
We assume that all banks in one country experience the same reper-
cussions from a given disaster, and further that the impact of the
disaster fully materializes and affects banks within one single year
or two consecutive years.3 For example, we assume that the shortest
period during which a given disaster occurs and affects a bank is
two months (60 days). In addition, we assume that disaster j affects
country i approximately m days before the end of year t, and that
the total number of disasters that occur in year t for country i is
n. The proportion of damages attributed to year t (damageijt) and
year t + 1 (damageij(t+1)) is thus calculated as follows:

If m ≥ 60: damageijt = total damage of disaster j in country i

Otherwise (m < 60) :

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

damageijt =
(

m
60

)
∗ total damage of

disaster j in country i

damageij(t+1) =
(60−m

60

)
∗ total damage of

disaster j in country i

(2)

DamageRatioit =

⎛
⎝ n∑

j=1

damageijt

⎞
⎠/GDPit.

3Klomp (2014) also allocates disaster damages to two different years. However,
he only uses large-scale disasters and equally assigns 50 percent of the damage
to the disaster year and the subsequent year. In contrast, we include all disasters
listed in the EM-DAT database and divide the damages resulting from each dis-
aster into two years based on the specific timing of the disaster during a given
year.
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To account for the different time patterns that characterize both
disasters themselves and their effects, we consider periods of vary-
ing length during which damages may materialize. Specifically, in
addition to the aforementioned 60 days, we also assume that dam-
ages manifest within 90 days and 180 days after the beginning of
the disaster. Because the results for the different periods are very
similar, we only report the results for an impact period of 60 and
180 days, and consider other periods as part of our robustness
tests.

Following the prior literature on bank capitalization, we control
for several characteristics of banks: Size, measured as the natural
logarithm of total assets (Barrios and Blanco 2003; Brewer, Kauf-
man, and Wall 2008; Schepens 2016), the loan ratio, measured as net
loans over total assets (Altunbas et al. 2007; Demirgüç-Kunt, Detra-
giache, and Merrouche 2013; Schepens 2016), profitability, measured
as the ratio of net income over equity (Brewer, Kaufman, and Wall
2008; Schaeck and Cihák 2012), and the deposit level, measured as
the ratio of total customer deposits over total assets (Barrios and
Blanco 2003; Demirgüç-Kunt, Detragiache, and Merrouche 2013).

Furthermore, because country-specific variables can affect each
nation’s banking system, we include several country-levels controls
that have been used in previous research in this area. These include
the level of national development, measured as the natural logarithm
of a country’s annual real GDP per capita; economic growth, mea-
sured as the annual growth in the real GDP; and the credit activity
of a country, measured as the growth of credit to the private sector.
We also examine other country-specific control variables such as the
world government index (Kaufmann, Kraay, and Mastruzzi 2011),
a country’s trade balance, and changes in each country’s exchange
rate. The resulting models either suffer from multicollinearity prob-
lems or are associated with large reductions in our sample size due to
missing values. We thus decided not to report the respective regres-
sions here. However, even with these variables included, the results
remain similar.

Our resultant regression model can be written as follows:

Δratiokit = μ ∗ ratiokit−1 + β ∗ DRit + αm ∗ Bs
kit + γh ∗ Ch

it

+ θt + ϕi + δkit + ωkit + εkit (3)
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and

Δratiokit = ratiokit − ratiokit−1, (4)

where ratiokit represents the equity ratio or Tier 1 capital ratio for
bank k in country i in year t, and ratiokit−1 is the corresponding
ratio in the preceding year. DRit is our explanatory variable of inter-
est (in this case the weighted damage ratio during the 60 days (or
180 days) following a disaster). Bs

kit is a vector of s bank-specific
control variables, and Ch

it is a vector of h country-specific control
variables. θt represents time fixed effects, and ϕi the country fixed
effects. δkit are the accounting standard fixed effects, and ωkit are
the bank specialization fixed effects.

6. Results

Before commencing with our multivariate analysis, we first examine
the Pearson correlation coefficients for all variable pairs in Table 3.
All correlations—except for two—between the variables are well
below 0.5. Exceptions include the correlation between the lagged
Tier 1 capital ratio and the lagged equity ratio (0.8206), where a
high correlation is expected. However, the two variables are never
employed in the same model, thus mitigating any multicollinear-
ity concerns in our multivariate analysis. Similarly, and again as
expected, the damage ratio (60 days) and the damage ratio (180
days) exhibit a high correlation (0.9425). The two variables are used
as alternative damage proxies and thus never coexist in one model,
again mitigating any multicollinearity concerns.

We next commence our multivariate analysis by examining how
banks’ solvency ratios are affected by natural disasters (Hypothe-
ses H1A and H1B). In addition, we explore whether the relationship
is different when employing the Tier 1 capital ratio, instead of the
equity ratio, as a dependent variable (Hypothesis H2). Because the
sensitivity to natural hazards is unlikely to be uniform across insti-
tutions, we differentiate between banks located in countries with dif-
ferent land masses as well as between different types of banks (based
on their business model) as well as different ex ante capitalization
levels of banks.



Vol. 19 No. 2 After the Storm: Natural Disasters and Bank Solvency 217
T
ab

le
3.

C
or

re
la

ti
on

M
at

ri
x

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0)

(1
1)

(1
2)

(1
)

C
ha

ng
e

in
E

qu
it
y

R
at

io
1

(2
)

L
ag

ge
d

E
qu

it
y

R
at

io
–0

.3
06

8*
1

(3
)

L
ag

ge
d

T
ie

r
1

C
ap

it
al

R
at

io
–0

.2
71

2*
0
.8

2
0
6
*

1

(4
)

D
am

ag
e

R
at

io
(6

0
D

ay
s)

–0
.0

03
6

0.
00

50
*

0.
01

11
*

1

(5
)

D
am

ag
e

R
at

io
(1

80
D

ay
s)

–0
.0

04
6*

0.
00

57
*

0.
00

94
*

0
.9

4
2
5
*

1

(6
)

L
og

(T
ot

al
A

ss
et

s)
0.

04
14

*
–0

.2
45

2*
–0

.2
77

4*
–0

.0
32

8*
–0

.0
35

2*
1

(7
)

N
et

L
oa

ns
R

at
io

–0
.0

04
5*

–0
.2

79
5*

–0
.4

83
8*

0.
00

62
*

0.
00

56
*

0.
03

04
*

1

(8
)

C
us

to
m

er
D

ep
os

it
s

R
at

io

–0
.0

13
8*

–0
.3

93
3*

–0
.3

16
5*

0.
04

68
*

0.
04

98
*

–0
.2

61
6*

0.
19

29
*

1

(9
)

L
ag

ge
d

N
et

In
co

m
e

to
E

qu
it
y

R
at

io

0.
09

99
*

–0
.0

50
5*

–0
.1

18
0*

0.
02

66
*

0.
02

95
*

0.
05

08
*

0.
02

09
*

0.
02

37
*

1

(1
0)

R
ea

l
G

D
P

G
ro

w
th

R
at

e
–0

.0
07

2*
–0

.0
30

4*
0.

02
03

*
0.

02
72

*
0.

02
89

*
0.

00
19

0.
01

53
*

0.
02

64
*

0.
04

64
*

1

(1
1)

G
ro

w
th

R
at

e
of

C
re

di
t

to
P

ri
va

te
Se

ct
or

–0
.0

34
0*

0.
08

51
*

0.
03

15
*

–0
.0

16
3*

0.
00

74
*

–0
.0

33
9*

–0
.0

02
0

–0
.0

59
0*

0.
15

81
*

0.
09

55
*

1

(1
2)

L
og

(R
ea

l
G

D
P

p
er

ca
pi

ta
)

0.
02

64
*

–0
.1

59
9*

–0
.0

26
2*

–0
.0

05
6*

–0
.0

11
1*

–0
.1

31
8*

0.
18

66
*

0.
24

86
*

–0
.1

11
2*

0.
07

37
*

–0
.2

08
1*

1

N
o
te

:
T

h
is

ta
b
le

p
re

se
nt

s
th

e
P
ea

rs
on

co
rr

el
at

io
n

co
effi

ci
en

ts
b
et

w
ee

n
th

e
d
ep

en
d
en

t
va

ri
ab

le
s

(t
h
e

an
nu

al
ch

an
ge

in
th

e
eq

u
it
y

ra
ti

o
an

d
th

e
an

nu
al

ch
an

ge
in

th
e

T
ie

r
1

ca
p
it

al
ra

ti
o)

an
d

th
e

ex
p
la

n
at

or
y

va
ri

ab
le

s.
A

lt
h
ou

gh
th

e
la

gg
ed

T
ie

r
1

ca
p
it

al
ra

ti
o

is
h
ig

h
ly

co
rr

el
at

ed
(0

.8
2
0
6
)

w
it

h
th

e
la

gg
ed

eq
u
it
y

ra
ti

o,
th

ey
d
o

n
ot

co
ex

is
t

in
an

y
m

od
el

.
S
im

il
ar

ly
,
th

e
d
am

ag
e

ra
ti

o
(6

0
d
ay

s)
an

d
th

e
d
am

ag
e

ra
ti

o
(1

80
d
ay

s)
ex

h
ib

it
a

h
ig

h
co

rr
el

at
io

n
(0

.9
4
2
5
),

b
u
t

ar
e

n
ot

jo
in

tl
y

u
se

d
in

an
y

m
od

el
.
*

in
d
ic

at
es

si
gn

ifi
ca

n
ce

at
th

e
10

p
er

ce
nt

le
ve

l.



218 International Journal of Central Banking June 2023

6.1 The Sensitivity of Banks’ Equity
Capital to Natural Disasters

Table 4 provides our regression results for Hypothesis H1. To ensure
the robustness of our results, we perform separate regressions for
our full (worldwide) sample of banks, banks in the United States
(US only), and banks in other countries (non-US). Columns 1 to 4
of Table 4 show how the weighted 60-day damage ratio affects the
equity ratio (ΔE/TA) for the three geographical subsamples (with
column 4 repeating the full-sample analysis of column 3, but employ-
ing a non-winsorized sample). The coefficients for the damage ratio
are consistently negative and significant, suggesting that natural
disasters indeed have a detrimental effect on banks’ capital ratios.
Columns 5 to 8 of Table 4 employ the same model specifications as
those employed in columns 1 to 4, but use the weighted damage ratio
measured over a period of 180 days as the main variable of interest.
The results are qualitatively and quantitatively very similar to those
in the first four columns.

There are likely several reasons why natural disasters affect a
bank’s capital ratio. One explanation is that while banks protect
their lending activities by requiring assets as collateral, the occur-
rence of natural disasters may destroy or at least reduce the value of
the assets in question, hence reducing the bank’s capacity to recover
the outstanding loan balance via its collateral. Accordingly, if a bor-
rower defaults on his/her loan and the bank manager realizes that
the bank cannot recover the borrowed money through the collateral,
the bank has to write off the borrowed amount from its books and,
by extension, the bank equity. Consequently, losing collateral as a
result of a natural disaster is likely the main channel through which
natural disasters affect a bank’s equity. Furthermore, disasters may
affect banks directly—for instance, by damaging a bank’s offices or
its technical infrastructure. In summary, there is a multitude of rea-
sons why banks that lend in high-risk areas should prepare for and
create reserves to protect themselves against natural disasters and
prevent any associated deterioration in their capital ratios.4

4It is worth noting here that higher capital requirements (e.g., those mandated
by Basel III) have been shown to increase banks’ lending rates and, consequently,
have been blamed for the comparatively slow economic recovery following the
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When examining the other explanatory variables, we observe
that bank size (measured by the natural log of total assets) neg-
atively correlates with the bank equity ratio, which is in line
with prior research on bank solvency (Barrios and Blanco 2003;
Altunbas et al. 2007; Schaeck and Cihák 2012; Schepens 2016).
Similarly, and also in line with the extant literature, we observe
that profitability (measured by the lagged net income to equity
ratio) is positively related to the equity ratio (Brewer, Kaufman,
and Wall 2008; Schaeck and Cihák 2012; Panier, Pérez-Gonzalez,
and Villanueva 2013; Berger, Öztekin, and Roman 2018); and that
the net loan ratio (net loans/total assets) is, generally, negatively
correlated with the equity ratio (Altunbas et al. 2007; Schepens
2016).

The prior banking literature exhibits mixed evidence regarding
the effect of disruptions on the equity ratio of banks. Studies on
financial crises (De Jonghe and Öztekin 2015, and Gambacorta and
Shin 2018) suggest that the equity ratio of banks is procyclical:
when a financial crisis hits the market, the equity ratio of banks
increases (likely due to capital injections). Similarly, Koetter, Noth,
and Rehbein (2020) and Bos, Li, and Sanders (2018) argue that
capital adequacy (as proxied by the equity ratio) and lending (in
the form of total outstanding loans) increase after large-scale nat-
ural disasters. In contrast, Noth and Schüwer (2018) find evidence
that suggests that U.S. banks that engage in mortgage lending
experience a decline in bank capital following a natural disaster.
Klomp (2014) shows that banks’ default risk increases (and the
equity ratio decreases) in the years following a large natural dis-
aster. Brei, Mohan, and Strobl (2019) analyze a sample of seven
countries in the Caribbean and find that banks experience changes
in funding and lending after hurricanes, yet they do not detect
any effects on risk and equity. Nguyen et al. (2020) confirm this
result for banks operating in East Asia. Our results complement this
research.

2008/09 financial crisis and a reduction in global GDP growth, estimated at
approximately 0.3 percent per year. A well-measured response to climate change
with appropriately defined natural disaster prone risk weightings for banks’ assets
is therefore called for.
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6.2 The Sensitivity of Banks’ Tier 1
Capital to Natural Disasters

In order to compare the sensitivity of our two solvency measures,
we reestimate the same regressions we employed in Table 4 with the
Tier 1 capital ratio as the independent variable. We thus address our
hypothesis (H2) that suggests that regulatory capital ratios more
distinctly reflect changes in risk than accounting based measures of
capital. Columns 1 to 3 (4 to 6) of Table 5 show how the weighted 60-
day (180-day) damage ratio affects the Tier 1 capital ratio of banks
in our three geographical subsamples (U.S. banks, non-U.S. banks,
and the full sample). Except for the United States, the coefficients
are not significant and not always negative, suggesting that natural
disasters have a smaller effect on regulatory capital ratios than they
have on the accounting-based equity ratios we examined in Table 4.

For the subsample of U.S. banks, the coefficients for the damage
ratio in our accounting equity analyses (Table 4) are considerably
larger than those in our regulatory capital regressions (Table 5). We
also find that, in general, disasters have a larger impact on the equity
ratio of U.S. banks than on the equity ratio of non-U.S. banks. This
is likely driven by the fact that since about the 1980s, the dam-
ages caused by disasters in the United States increased considerably
more than those in other countries. For instance, in 2017, the United
States accounted for 83 percent of damages from storms worldwide
(Munich Re 2018, p. 52; World Economic Forum 2018, p. 12).

Contrary to Hypothesis H2, we note that disasters do not have
a large impact on the Tier 1 capital ratio. If anything, our results
show that, in comparison with the equity ratio, the Tier 1 capi-
tal ratio is less significantly and uniformly influenced by natural
disasters. There are several possible reasons: first, regulations may
force banks to keep the required amount of Tier 1 capital at a spe-
cific and constant level; second, in order to protect against failure,
bank management will, by itself, have an incentive to keep the Tier
1 capital ratio at a safe level (Abou-El-Sood 2015; Bischof, Laux,
and Leuz 2020); third, the denominator of the Tier 1 capital ratio
(a bank’s risk-weighted assets), does not sufficiently take natural
disaster risk into account, causing regulatory weightings to remain
largely unaffected by disasters. Our lack of support for Hypothesis
H2 is in line with prior research findings in this area. For instance,
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Schüwer, Lambert, and Noth (2019) document that the regulatory
capital ratio increases (rather than decreases) after a disaster.5

We conclude that we cannot find clear evidence of a higher
risk sensitivity of the Tier 1 capital ratio. Rather, the equity ratio
appears to be a more appropriate measure of natural disaster risk
and should be considered for regulatory purposes. In addition,
as noted above, a revised risk-weighting of assets that does not
only take historical credit and liquidity into consideration (as per
Basel III), but weighs assets based on their expected susceptibility
to natural disasters, may lead to a better inclusion of natural disaster
risks in banking regulations. Similar results should be achieved from
a fairer risk-weighting of assets that takes the geographical lending
habits (and thus the proneness to natural disasters) of a given bank
into consideration.

With respect to our other explanatory variables, we observe
that—in line with previous research in this area (e.g., Brewer,
Kaufman, and Wall 2008)—bank size negatively correlates with the
Tier 1 capital ratio, and that profitability (the lagged net income to
equity ratio) positively relates to the equity ratio.

6.3 Bank Solvency Strategies to Prepare
for Natural Disasters (ex ante Tests)

It is plausible that banks may anticipate natural disasters and
respond in advance. To address this possibility, we perform a series
of tests in which we include the forward damage ratio (damage ratio
one year ahead) among our explanatory variables. Assuming that
banks can correctly predict upcoming challenges from natural dis-
asters, they should be able prepare themselves by increasing their
equity and raising their risk premiums to build reserves. However,
our full-sample results in Table 6 provide little evidence for this
conjecture and suggest no significant change in banks’ equity ratio
(column 3), Tier 1 capital ratio (column 6), or net interest mar-
gin (column 9) in the year preceding a given disaster. However,
banks in the United States (columns 1, 4, and 7) appear to be
more forward-looking and show signs of strengthening their balance

5The authors show that higher risk-based capital ratios are the result of banks
prioritizing lower risk-weighted assets such as government securities.
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sheet by increasing (reducing) equity (debt), injecting liquidity, and
expanding their profit margin.

These results have several implications. First, the forward dam-
age ratio significantly affects the asset structure of U.S. banks, which
indicates the quality of their prediction and the actions taken to pre-
pare for natural disasters. Second, as can be observed in the after-
math of natural disasters, some governments tend to adopt relatively
loose credit policies to support post-disaster reconstruction, which
may lead to an increase in banks’ bad debt thereafter. However,
U.S. banks can effectively mitigate the impact of natural disasters
on loan quality and credit risk by raising the lending rate in advance
and increasing cash reserves, thereby alleviating panic in the capital
market and reducing market risks.

6.4 The Influence of Bank Characteristics

The results up to now provide evidence for our full sample of banks.
However, banks around the globe operate under different conditions,
pursue divergent business models, and are subject to differing types
of disasters as well as variations in country-level factors character-
izing each country’s legal environment, economic development, and
banking regulations. To address these issues, we perform a series of
robustness tests in which we examine whether our results hold for
different subsamples of our data based on the characteristics of both
banks and/or the countries they operate.

6.4.1 Business Models

Banks vary considerably with respect to the way they conduct their
business, and it is important to explore whether a bank’s business
model affects its susceptibility to adverse consequences from a nat-
ural disaster. We therefore investigate if the risk sensitivity of banks
to catastrophic events depends on their respective business mod-
els, i.e., their strategy towards customers, products, and regions,
and the associated diversification potential. The assumption is that
more diversified institutions (whose lending and investment portfolio
includes claims with low correlations) are better able to absorb and
deal with large damages than undiversified banks. In this respect,
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damages from disasters may be considered a specific class of risk
that allows for diversification effects.

Our analysis focuses on the three predominant business models,
namely bank holding companies (BHCs), commercial banks, and
savings banks. A bank holding company typically operates across
multiple regions and product markets through the participation in
different entities. As a result, the potential for geographical diversifi-
cation is generally higher for BHCs than for commercial banks that
also have a broad product portfolio yet display a smaller network of
national and international branches. Savings banks operate under a
third type of business model. Their lending portfolio is often region-
ally focused and they tend to be smaller, increasing their exposure
to local disasters. In summary, we expect more diversified (and less
concentrated) banks such as BHCs to be less affected by disasters
than commercial banks and, in particular, savings banks.

Although our results are not fully as expected, our assump-
tion that a banks’ business model matters is confirmed. Table 7
shows that in our global sample, only BHCs exhibit a significant
and negative coefficient. In the U.S. subsample, BHCs experience
the most negative effect from natural disasters whereas commercial
banks have a lower, albeit still significant, coefficient. U.S. savings
banks exhibit a non-significant and economically small coefficient.
Further investigation is needed to explore the causes. In particular,
it is likely that a more refined geographical matching of disasters
and bank lending activities will affect our results. For instance, there
are several thousand savings banks that operate across the United
States, and while a certain proportion of these banks is likely to
be severely affected by a disaster, the remainder are likely to be
unaffected because they are geographically removed from the disas-
ter. On average, this makes savings banks appear unexposed, even
though the individual exposures within this group may vary widely.
Future research may also consider if business models are still to be
conceived as a proxy for diversification as far as damages from nat-
ural disasters are concerned. Natural catastrophes represent to a
certain extent a systemic risk, and traditional patterns of diversifi-
cation may fail to sufficiently protect the institutions. In addition, it
is worth exploring if the benefits from diversification are potentially
overcompensated by higher idiosyncratic risks institutions assume
with respect to natural disasters.
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6.4.2 Ex ante Capitalization Levels

Another attribute that may affect the sensitivity of banks to dis-
asters is the extent of their ex ante capitalization. We expect that
banks with higher capital can better mitigate and control damages
from disasters, as they are better equipped to offset losses. Partic-
ularly, single losses may affect large and well-capitalized banks to a
lesser extent than smaller institutions with less capital. We consider
a bank’s total equity as a proxy for size and the equity ratio as a
proxy for the bank’s equity base. We then use a series of quantile
regressions to examine whether our results differ across banks with
different ex ante equity ratios.

Table 8 provides the results for the 0.25, 0.50, and 0.75 quan-
tiles. When examining the coefficients for the damage ratio across
all countries and for the United States only, we observe that banks
with a lower equity ratio (i.e., the 0.25 quantile) exhibit a higher
(negative) sensitivity to damages than banks at the 0.75 quantile.
The sensitivity decreases continuously from the 0.25 quantile to the
0.75 quantile. In the subsample of non-U.S. banks, the coefficients
of the damage ratio in the 0.25 and 0.50 quantile regressions are
not significant but become significantly negative in the 0.75 quan-
tile. Overall, these results suggest that higher ex ante equity ratios
appear to reduce the impact of natural disasters on a bank’s sol-
vency. Another potential explanation is that banks with a higher
capitalization have been hit less frequently by disasters in the past
and therefore have been able to maintain higher levels of equity
capital.

6.4.3 Bank Location

From a spatial perspective, the severity of disasters and the magni-
tude of the associated damages may vary among countries and affect
some banks more than others based on their location. In addition,
natural disasters of the same magnitude may hit smaller countries
more extensively, while their impact on large countries may be com-
paratively small. For example, a single tsunami may destroy much
of the infrastructure of any Caribbean state. In contrast, the 2008
earthquake in China’s Sichuan province had a destructive effect on
this province but had a relatively small impact on banks in sur-
rounding provinces, because they are geographically far removed.
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For smaller countries, the reduced land mass increases the like-
lihood that a disaster affects one or more of a bank’s clients. Sec-
ond, banks in smaller countries are less likely to be diversified. As
a result, a country’s land mass should be negatively related to a
bank’s post-disaster solvency.

Table 9 provides empirical evidence for several tests that address
this issue. We divide our sample into two subsamples based on
whether the land mass of their respective countries falls above or
below the sample median. In column 1, we can see that disaster
damages have a significantly negative impact on the equity ratio of
banks in countries with a comparatively small land size. However,
regardless of whether we include banks in the United States, the
results are insignificant for larger countries (see columns 2 and 3).
As before, disasters appear to have no impact on the Tier 1 capital
ratio for either small or large countries.

We further estimate a weighted regression in which we assign a
weight equal to one divided by the square root of a country’s 2017
surface area based on data from the World Bank Indicators Data-
base (https://data.worldbank.org/indicator) to all damage observa-
tions in that country. Our results remain robust with respect to this
methodological variation.

Ceteris paribus, as the size of a country increases, it is more
likely to be affected by a natural disaster. We thus adjust the nat-
ural disaster variable for a country’s surface area to rule out any
endogeneity bias, and the results remain robust. In the full sample,
the banks’ equity ratio is significantly reduced after they experience
a natural disaster (columns 1 and 2 in Table 10), but the capital
adequacy ratio is not significantly curtailed (column 3).

Next, we group countries into quintiles based on the 2017 GDP
per capita in each country, again employing data provided by the
World Bank Indicators Database. In rare instances where 2017 data
were not available, we employ the most recent available GDP per
capita for that country and then extrapolate it to the year 2017 (i.e.,
to the end of our sample period) using the GDP per capita growth
rate during the previous five years as a growth factor. We then assign
dummy variables to each of the five quintiles and estimate a “wealth
fixed-effect regression” in which we include dummy variables for four
of the five quintiles in our model (excluding the center quintile).
The coefficients for the dummy variables denoting the lowest two
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GDP per capita quintiles are significantly negative, suggesting that
banks in poorer countries (i.e., countries with lower GDP per capita
figures) experience larger declines in solvency following a natural
disaster (see Table 11).

Considering that the occurrence of natural disasters closely
relates to the geographical location of banks, we divide the sample
into six groups based on the continent on which they are located.
The results show that the equity ratio of banks in Africa exhibits
the strongest negative effects (column 1 in Table 12), which may be
attributed to an overall less resilient banking system in that region,
followed by smaller adjustments in bank assets in Oceania and North
America (columns 5 and 4). Even so, there is no significant change
in the Tier 1 capital ratio on any continent, supporting our main
hypothesis (columns 7–12). In other words, banks on all continents
appear to meet the capital adequacy requirements for regulatory
purposes, with little variation following a natural disaster. However,
this finding also reveals that the Basel Accords fail to take into
account the adequacy of capital requirements in the case of natural
disasters.

6.5 Different Types of Disasters

Finally, we aim to analyze the consequences of different types of
disasters on bank solvency. Among all disaster types, floods have
the most significant impact on capital (column 2 in Table 13), fol-
lowed by storms (column 1), while earthquakes have no significant
impact (column 3). As Benson and Clay (2004) point out, geologi-
cal disasters such as earthquakes are likely to cause Schumpeter’s
“creative destruction” and thus stimulate post-disaster economic
development. Yet meteorological and hydrological disasters such as
storms and floods that occur more frequently are likely to have a pro-
nounced negative effect on the local economy, leading to a significant
contraction in the equity ratio.

7. Additional Robustness Tests

To further ensure the robustness of our results, we perform some
additional sensitivity checks. First, we are interested whether and



234 International Journal of Central Banking June 2023
T
ab

le
11

.
T

h
e

E
ff
ec

t
of

N
at

u
ra

l
D

is
as

te
rs

on
B

an
k
s’

E
q
u
it
y

an
d

T
ie

r
1

C
ap

it
al

R
at

io
s—

W
ea

lt
h
y

v
s.

P
o
or

C
ou

n
tr

ie
s

D
ep

en
d
en

t
V
a
ri

a
b
le

:
Δ

E
/
T
A

D
ep

en
d
en

t
V
a
ri

a
b
le

:
Δ

T
1
R

/
T
A

(W
in

so
ri

ze
d
)

(W
in

so
ri

ze
d
)

(1
)

(2
)

(3
)

(4
)

G
D

P
L
o
w

G
D

P
H

ig
h

G
D

P
L
o
w

G
D

P
H

ig
h

L
ag

ge
d

E
qu

it
y

R
at

io
–0

.1
97

**
*

–0
.2

59
**

*
(0

.0
00

)
(0

.0
00

)
L
ag

ge
d

T
ie

r
1

C
ap

it
al

R
at

io
–0

.2
17

**
*

–0
.2

45
**

*
(0

.0
00

)
(0

.0
00

)
D

am
ag

e
R

at
io

–0
.1

13
*

–0
.5

39
*

–0
.1

26
–0

.3
66

(0
.0

59
)

(0
.0

88
)

(0
.7

75
)

(0
.5

59
)

L
og

(T
ot

al
A

ss
et

s)
–0

.0
04

**
*

–0
.0

03
**

*
–0

.0
04

**
*

–0
.0

04
**

*
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
N

et
L
oa

n
s

R
at

io
–0

.0
06

**
*

–0
.0

19
**

*
–0

.0
48

**
*

–0
.0

83
**

*
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
C

u
st

om
er

D
ep

os
it

s
R

at
io

–0
.0

35
**

*
–0

.0
86

**
*

–0
.0

26
**

*
–0

.0
87

**
*

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

(0
.0

00
)

L
ag

ge
d

N
et

In
co

m
e

to
E
qu

it
y

R
at

io
0.

03
1*

**
0.

03
5*

**
0.

03
6*

**
0.

05
1*

**
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
R

ea
l
G

D
P

G
ro

w
th

R
at

e
0.

00
1

–0
.0

08
**

*
0.

00
9

–0
.0

31
**

*
(0

.7
99

)
(0

.0
05

)
(0

.2
65

)
(0

.0
00

)
G

ro
w

th
R

at
e

of
C

re
d
it

to
P
ri

va
te

S
ec

to
r

–0
.0

20
**

*
–0

.0
20

**
*

–0
.0

51
**

*
–0

.0
17

*
(0

.0
00

)
(0

.0
00

)
(0

.0
00

)
(0

.0
56

)
L
og

(R
ea

l
G

D
P

p
er

ca
p
it

a)
0.

00
4*

**
–0

.0
04

**
–0

.0
04

–0
.0

04
(0

.0
05

)
(0

.0
47

)
(0

.2
29

)
(0

.3
79

)

C
ou

nt
ry

F
E

Y
es

Y
es

Y
es

Y
es

Y
ea

r
F
E

Y
es

Y
es

Y
es

Y
es

S
p
ec

ia
li
za

ti
on

F
E

Y
es

Y
es

Y
es

Y
es

A
cc

ou
nt

in
g

S
ta

n
d
ar

d
F
E

Y
es

Y
es

Y
es

Y
es

N
41

,1
94

10
0,

86
9

17
,4

09
90

,4
23

A
d
ju

st
ed

R
2

0.
16

0
0.

27
4

0.
18

5
0.

25
4

N
o
te

:
T

h
is

ta
b
le

p
re

se
n
ts

th
e

re
su

lt
s

fo
r

a
se

ri
es

o
f
m

o
d
el

s
in

w
h
ic

h
w

e
re

g
re

ss
ch

a
n
g
es

in
th

e
eq

u
it
y

ra
ti

o
a
n
d

T
ie

r
1

ca
p
it

a
l
ra

ti
o

o
f
b
a
n
k
s

o
n

th
e

d
a
m

a
g
e

ra
ti

o
a
n
d

o
th

er
co

n
tr

o
l
va

ri
a
b
le

s
ov

er
th

e
2
0
0
0
–
1
7

p
er

io
d

fo
r

d
iff

er
en

t
su

b
sa

m
p
le

s
o
f
o
u
r

d
a
ta

se
t

b
a
se

d
o
n

th
e

G
D

P
p
er

ca
p
it

a
o
f
th

e
co

u
n
tr

y
in

w
h
ic

h
a

b
a
n
k

is
h
ea

d
q
u
a
rt

er
ed

.
T

h
e

d
ep

en
d
en

t
va

ri
a
b
le

in
co

lu
m

n
s

1
a
n
d

2
is

th
e

ch
a
n
g
e

in
th

e
eq

u
it
y

ra
ti

o
(w

in
so

ri
ze

d
).

T
h
e

d
ep

en
d
en

t
va

ri
a
b
le

in
co

lu
m

n
s

3
a
n
d

4
is

th
e

ch
a
n
g
e

in
th

e
T

ie
r

1
ca

p
it

a
l
ra

ti
o

(w
in

so
ri

ze
d
).

C
o
lu

m
n
s

1
a
n
d

3
re

p
o
rt

re
su

lt
s

fo
r

th
e

lo
w

er
G

D
P

p
er

ca
p
it

a
su

b
sa

m
p
le

(w
it

h
a

G
D

P
p
er

ca
p
it

a
b
el

ow
th

e
fu

ll
sa

m
p
le

m
ed

ia
n
);

co
lu

m
n
s

2
a
n
d

4
re

p
o
rt

re
su

lt
s

fo
r

th
e

h
ig

h
er

G
D

P
p
er

ca
p
it

a
su

b
sa

m
p
le

.
R

o
b
u
st

p
-v

a
lu

es
a
re

re
p
o
rt

ed
in

p
a
re

n
th

es
es

.
*
,

*
*
,
a
n
d

*
*
*

in
d
ic

a
te

si
g
n
ifi

ca
n
ce

a
t

th
e

1
0

p
er

ce
n
t,

5
p
er

ce
n
t,

a
n
d

1
p
er

ce
n
t

le
v
el

,
re

sp
ec

ti
v
el

y.



Vol. 19 No. 2 After the Storm: Natural Disasters and Bank Solvency 235

T
ab

le
12

.
T

h
e

E
ff
ec

t
of

N
at

u
ra

l
D

is
as

te
rs

on
B

an
k
s’

E
q
u
it
y

an
d

T
ie

r
1

C
ap

it
al

R
at

io
s—

B
an

k
s

fr
om

D
iff

er
en

t
C

on
ti
n
en

ts

D
e
p
e
n
d
e
n
t

V
a
ri

a
b
le

:
Δ

E
/
T
A

D
e
p
e
n
d
e
n
t

V
a
ri

a
b
le

:
Δ

T
1
R

/
T
A

(W
in

so
ri

z
e
d
)

(W
in

so
ri

z
e
d
)

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

(9
)

(1
0
)

(1
1
)

(1
2
)

A
fr

ic
a

A
si

a
E
u
ro

p
e

N
.
A

m
e
r.

O
c
e
a
n
ia

S
.
A

m
e
r.

A
fr

ic
a

A
si

a
E
u
ro

p
e

N
.
A

m
e
r.

O
c
e
a
n
ia

S
.
A

m
e
r.

L
a
g
g
ed

E
q
u
it
y

–
0
.3

2
0
*
*
*

–
0
.2

4
2
*
*
*

–
0
.1

5
8
*
*
*

–
0
.2

9
8
*
*
*

–
0
.0

7
0

–
0
.1

8
4
*
*
*

R
a
ti

o
(0

.0
0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.2

2
9
)

(0
.0

0
0
)

L
a
g
g
ed

T
ie

r
1

–
0
.4

8
3
*
*
*

–
0
.2

1
8
*
*
*

–
0
.1

6
0
*
*
*

–
0
.2

5
5
*
*
*

–
0
.2

0
2
*
*
*

–
0
.3

8
5
*
*
*

C
a
p
it

a
l
R

a
ti

o
(0

.0
0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
1
)

(0
.0

0
0
)

D
a
m

a
g
e

R
a
ti

o
–
0
.3

7
6
*
*
*

0
.0

4
4

–
0
.0

2
8

–
0
.0

1
0
*
*

–
0
.0

3
0
*
*
*

–
0
.0

2
1

0
.0

0
1

0
.0

2
8

–
0
.0

7
1

–
0
.4

0
6

0
.1

7
6

0
.0

1
8

(0
.0

0
5
)

(0
.3

6
5
)

(0
.7

0
2
)

(0
.0

2
1
)

(0
.0

0
7
)

(0
.1

7
4
)

(0
.9

9
8
)

(0
.6

2
9
)

(0
.6

1
5
)

(0
.1

2
5
)

(0
.4

1
3
)

(0
.7

6
9
)

L
o
g

(T
o
ta

l
A

ss
et

s)
–
0
.0

0
6
*
*
*

–
0
.0

0
4
*
*
*

–
0
.0

0
2
*
*
*

–
0
.0

0
3
*
*
*

–
0
.0

0
1
*

–
0
.0

0
8
*
*
*

–
0
.0

1
2
*
*
*

–
0
.0

0
6
*
*
*

–
0
.0

0
2
*
*
*

–
0
.0

0
4
*
*
*

–
0
.0

0
2

–
0
.0

2
1
*
*
*

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

5
5
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.1

3
8
)

(0
.0

0
0
)

N
et

L
o
a
n
s

R
a
ti

o
0
.0

2
1
*
*
*

–
0
.0

1
3
*
*
*

–
0
.0

0
5
*
*
*

–
0
.0

2
0
*
*
*

–
0
.0

0
5

–
0
.0

1
0

–
0
.1

3
3
*
*
*

–
0
.0

6
3
*
*
*

–
0
.0

3
1
*
*
*

–
0
.0

8
7
*
*
*

0
.0

0
4

–
0
.1

2
0
*
*
*

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.4

6
9
)

(0
.1

4
2
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.8

4
9
)

(0
.0

0
0
)

C
u
st

o
m

er
D

ep
o
si

ts
–
0
.0

6
3
*
*
*

–
0
.0

5
0
*
*
*

–
0
.0

2
5
*
*
*

–
0
.1

1
1
*
*
*

–
0
.0

0
2

–
0
.0

5
3
*
*
*

–
0
.1

3
0
*
*
*

–
0
.0

2
7
*
*
*

–
0
.0

1
4
*
*
*

–
0
.0

9
6
*
*
*

–
0
.0

0
4

–
0
.0

9
2
*
*
*

R
a
ti

o
(0

.0
0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.6

6
1
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.8

2
1
)

(0
.0

0
0
)

L
a
g
g
ed

N
et

In
co

m
e

0
.0

4
2
*
*
*

0
.0

2
4
*
*
*

0
.0

2
0
*
*
*

0
.0

3
6
*
*
*

0
.0

2
1

0
.0

3
0
*
*

0
.0

8
2
*
*
*

0
.0

4
8
*
*
*

0
.0

1
9
*
*

0
.0

5
2
*
*
*

–
0
.0

1
7

0
.0

4
0

to
E
q
u
it
y

R
a
ti

o
(0

.0
0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.0

0
0
)

(0
.1

9
7
)

(0
.0

1
3
)

(0
.0

0
5
)

(0
.0

0
0
)

(0
.0

1
2
)

(0
.0

0
0
)

(0
.5

2
8
)

(0
.2

2
5
)

R
ea

l
G

D
P

0
.0

1
1

–
0
.0

0
4

0
.0

1
3

0
.0

0
8

–
0
.0

5
1
*
*

–
0
.0

1
5

0
.0

4
2

–
0
.0

1
0

0
.0

1
2

–
0
.0

7
9

–
0
.0

3
0

0
.0

5
4

G
ro

w
th

R
a
te

(0
.1

5
2
)

(0
.4

8
4
)

(0
.1

3
9
)

(0
.5

1
5
)

(0
.0

2
7
)

(0
.2

2
5
)

(0
.1

9
6
)

(0
.3

2
3
)

(0
.4

7
9
)

(0
.3

1
8
)

(0
.5

1
7
)

(0
.1

2
1
)

G
ro

w
th

R
a
te

o
f
C

re
d
it

–
0
.0

2
4
*
*
*

–
0
.0

1
4
*

–
0
.0

1
7
*
*
*

–
0
.0

0
1

0
.0

2
8

–
0
.0

3
7
*
*
*

–
0
.0

2
5

–
0
.0

3
8
*
*
*

–
0
.0

3
8
*
*
*

–
0
.0

4
8

–
0
.0

7
3

0
.0

1
4

to
P
ri

va
te

S
ec

to
r

(0
.0

0
1
)

(0
.0

8
8
)

(0
.0

0
5
)

(0
.9

1
9
)

(0
.2

3
4
)

(0
.0

0
9
)

(0
.3

9
0
)

(0
.0

0
1
)

(0
.0

0
1
)

(0
.3

5
2
)

(0
.3

7
3
)

(0
.8

2
3
)

L
o
g

(R
ea

l
G

D
P

0
.0

0
4

0
.0

0
1

–
0
.0

0
1

0
.0

1
4
*
*

0
.0

1
7

0
.0

1
1
*
*
*

0
.0

0
5

–
0
.0

0
5

0
.0

0
1

0
.0

0
5

0
.0

4
4

0
.0

1
7

p
er

ca
p
it

a
)

(0
.3

7
5
)

(0
.6

6
8
)

(0
.7

8
7
)

(0
.0

4
0
)

(0
.5

1
3
)

(0
.0

0
4
)

(0
.8

2
1
)

(0
.2

5
2
)

(0
.8

3
4
)

(0
.8

5
1
)

(0
.6

2
6
)

(0
.4

1
2
)

C
o
u
n
tr

y
F
E

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
ea

r
F
E

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

S
p
ec

ia
li
za

ti
o
n

F
E

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

A
cc

o
u
n
ti

n
g

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

Y
es

S
ta

n
d
a
rd

F
E

N
3
,1

3
7

1
0
,0

4
8

3
5
,8

9
3

9
0
,6

8
0

2
9
4

2
,0

1
1

9
6
2

5
,2

4
4

1
4
,2

6
1

8
6
,5

9
7

1
8
4

5
7
7

A
d
ju

st
ed

R
2

0
.3

0
1

0
.2

0
5

0
.1

2
2

0
.3

1
9

0
.1

9
3

0
.1

4
4

0
.3

5
5

0
.1

9
5

0
.1

3
3

0
.2

6
5

0
.1

8
7

0
.2

7
4

N
o
te

:
T

h
is

ta
b
le

p
re

se
n
ts

th
e

re
su

lt
s

fo
r

a
se

ri
es

o
f

m
o
d
el

s
in

w
h
ic

h
w

e
re

g
re

ss
ch

a
n
g
es

in
th

e
eq

u
it
y

ra
ti

o
a
n
d

T
ie

r
1

ca
p
it

a
l

ra
ti

o
o
f

b
a
n
k
s

o
n

th
e

d
a
m

a
g
e

ra
ti

o
a
n
d

o
th

er
co

n
tr

o
l
va

ri
a
b
le

s
ov

er
th

e
2
0
0
0
–
1
7

p
er

io
d

fo
r

d
iff

er
en

t
su

b
sa

m
p
le

s
o
f
o
u
r

d
a
ta

se
t

b
a
se

d
o
n

th
e

co
n
ti

n
en

t
o
n

w
h
ic

h
a

g
iv

en
b
a
n
k

is
h
ea

d
q
u
a
rt

er
ed

.
T

h
e

d
ep

en
d
en

t
va

ri
a
b
le

in
co

lu
m

n
s

1
to

6
is

th
e

ch
a
n
g
e

in
th

e
eq

u
it
y

ra
ti

o
(w

in
so

ri
ze

d
).

T
h
e

d
ep

en
d
en

t
va

ri
a
b
le

in
co

lu
m

n
s

7
to

1
2

is
th

e
ch

a
n
g
e

in
th

e
ti

er
1

ca
p
it

a
l
ra

ti
o

(w
in

so
ri

ze
d
).

C
o
lu

m
n
s

1
a
n
d

7
,
2

a
n
d

8
,
3

a
n
d

9
,
4

a
n
d

1
0
,
5

a
n
d

1
1
,
6

a
n
d

1
2

re
p
o
rt

re
su

lt
s

fo
r

b
a
n
k
s

h
ea

d
q
u
a
rt

er
ed

in
A

fr
ic

a
,
A

si
a
,
E
u
ro

p
e,

N
o
rt

h
A

m
er

ic
a
,
O

ce
a
n
ia

,
a
n
d

S
o
u
th

A
m

er
ic

a
,
re

sp
ec

ti
v
el

y.
R

o
b
u
st

p
-v

a
lu

es
a
re

re
p
o
rt

ed
in

p
a
re

n
th

es
es

.
*
,
*
*
,
a
n
d

*
*
*

in
d
ic

a
te

si
g
n
ifi

ca
n
ce

a
t

th
e

1
0

p
er

ce
n
t,

5
p
er

ce
n
t,

a
n
d

1
p
er

ce
n
t

le
v
el

,
re

sp
ec

ti
v
el

y.



236 International Journal of Central Banking June 2023

Table 13. The Effect of Natural Disasters
on Banks’ Equity and Tier 1 Capital
Ratios—Different Types of Disasters

Dependent Variable: ΔE/TA
Winsorized)

(1) (2) (3)
Full Sample Full Sample Full Sample

Lagged Equity Ratio –0.222*** –0.222*** –0.222***
(0.000) (0.000) (0.000)

Storm Damage Ratio –0.011*
(0.087)

Flood Damage Ratio –0.050*
(0.060)

Earthquake Damage Ratio –0.009
(0.418)

Log (Total Assets) –0.003*** –0.003*** –0.003***
(0.000) (0.000) (0.000)

Net Loans Ratio –0.015*** –0.015*** –0.015***
(0.000) (0.000) (0.000)

Customer Deposits Ratio –0.059*** –0.059*** –0.059***
(0.000) (0.000) (0.000)

Lagged Net Income 0.036*** 0.036*** 0.036***
to Equity Ratio (0.000) (0.000) (0.000)

Real GDP Growth Rate –0.004** –0.004** –0.004**
(0.038) (0.040) (0.040)

Growth Rate of Credit to –0.017*** –0.016*** –0.017***
Private Sector (0.000) (0.000) (0.000)

Log (Real GDP per capita) 0.003** 0.002** 0.003**
(0.022) (0.027) (0.022)

Country FE Yes Yes Yes
Year FE Yes Yes Yes
Specialization FE Yes Yes Yes
Accounting Standard FE Yes Yes Yes

N 142,063 142,063 142,063
Adjusted R2 0.217 0.217 0.217

Note: This table presents the results for a series of models in which we regress
changes in the equity ratio of banks on the damage ratio associated with various
types of natural disasters and other control variables over the 2000–17 period for
the 142,063 firm-year observations in our sample for which data on the equity ratio
are available. The dependent variable in all columns is the change in the equity
ratio (winsorized). Columns 1, 2, and 3 report results for storm, flood, and earth-
quake damages, respectively. Robust p-values are reported in parentheses. *, **, and
*** indicate significance at the 10 percent, 5 percent, and 1 percent level, respectively.
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how much any potential damages from the previous year can influ-
ence the equity ratio of the current year. We therefore regress the
change in the equity ratio of the current year against the damage
ratio of the previous year (damage ratiot−1). Our results, presented
in columns 1 and 2 of Table 14, show that, regardless of whether
we use the damage ratio over 60 or 180 days, its significance level
decreases relative to our main regression results in Table 4, although
the coefficient remains negative. This suggests that damages affect
a bank’s capitalization relatively quickly and that, as time passes,
the impact decreases.

Next, we examine whether our results stay robust if we do not
control for the equity ratio in the previous year. We estimate the
respective regressions in column 3 and 4. The coefficients of both
the 60- and 180-day damage ratio remain negative and highly signif-
icant. Moreover, we employ a system generalized method of moments
(GMM) approach to estimate our regressions. The coefficients are
still significantly negative. However, it is worth noting in this con-
text that with fixed effect dummies (or any other dummy with many
0s or 1s), the results of a system GMM can be biased.6

Finally, our results remain robust after standardizing all vari-
ables. When doing so, we observe that for every standard devia-
tion change in the damage ratio, the equity ratio decreases by 0.004
standard deviations (column 3 in Table 15). Although 0.004 is a
small number, the damages from disasters can be surprisingly large:
the highest damage ratio is 148.38 percent, which corresponds to
approximately 192.70 standard deviations (0.77 percent).

8. Conclusion

This paper examines whether and how natural disasters affect bank
solvency. Specifically, using a sample of 9,928 banks located in 149
countries and data on natural disasters that occurred around the
globe during the period 2000–17, we examine how natural disaster
damages affect banks’ equity ratios and Tier 1 capital ratios.

Our major finding is that damages from natural disasters neg-
atively affect bank solvency. The relationship varies across regions

6For additional details, please refer to Roodman (2009).
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and among different types of banks but provides compelling evidence
that natural disasters represent a significant threat for the financial
soundness of individual banks and, by extension, the stability of our
financial system as a whole.

We hypothesized that the Tier 1 capital ratio—as a regula-
tory measure of bank solvency—would be more sensitive to nat-
ural disaster damages than the accounting-based equity ratio. How-
ever, natural disasters appear to affect the Tier 1 capital ratio to a
lesser extent than the corresponding accounting ratio. Although this
issue calls for further investigation, we conclude that the regulatory
weights attributed to risky assets in the Tier 1 capital ratio specifi-
cation are not adequate in capturing a bank’s exposure to natural
disasters. The regulatory risk weights stem from historical evidence
and rely primarily on economic drivers of risk. However, the observ-
able increase in the frequency and severity of natural disasters is
a more recent phenomenon with roots that largely lie outside the
financial system.

The results of our study have important implications for finan-
cial regulators and risk managers. In particular, financial regulators
should consider modifying the assessment and weighting of solvency
risks in light of the increasing damages caused by natural disas-
ters. For instance, they may consider explicitly including disasters
as a source of operational risk and increasing the risk weights for
customers who are particularly exposed to these risks. Similarly,
managers of institutions that lend in disaster-prone areas should
include the expected damages from disasters in their calculations of
the risk premium of loans. If the premium is priced correctly, i.e.,
when it accounts for higher damages from natural disasters, any
losses in a bank’s lending business should be largely compensated
by the premium.

The negative effect of natural disasters on bank solvency varies
depending on the specific profile of banks. Banks located in countries
where damages from natural disasters have a relatively high impact
(as compared with the GDP) show a higher degree of affectedness.
This is also the case for banks with a low ex ante capitalization. In
contrast, our study does not find significant and consistent results
for banks with different business models. We conclude that natural
disasters may exhibit a different propagation pattern and may affect
regions, infrastructures, and institutions as a whole. Consequently,
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traditional diversification patterns appear to be irrelevant in this
case.

A potential direction for further research on the link between
bank solvency and natural disasters is to address the underlying
transmission process of damages. This is challenging, as causes and
effects may unfold in various forms. Natural disasters primarily affect
a bank’s customers but may, at the same time, jeopardize the infra-
structure of banks themselves. Depending on the risk management
strategies both banks and their customers employ, the effect of dis-
asters on bank solvency may be different. In addition, the frequency
and magnitude of disasters may change over time. Future research
has to cope with this high degree of complexity and the dynamic
nature of disasters.

Appendix A. Absolute Differences in Total Assets
(ADTA) between Fitch and Bankscope

The table in this appendix examines differences in observations
between the two databases (Fitch and Bankscope) used in our paper.
We match banks by name and then employ a variable that meas-
ures the absolute difference in total assets (ADTA) to compare each
match, where ADTA = |BTA − FTA| /BTA, BTA is the value of
total assets of a given bank in Bankscope, and FTA is the value of
total assets of the same bank in Fitch. Matches whose ADTA exceed
0.1 are excluded from our sample. Column 1 reports the number
of banks whose ADTAs fall within each range bracket. Column 2
shows the percentage distribution of our sample across the different
brackets. Due to missing data for several of our dependent and inde-
pendent variables, the total number of observations reported here
(11,881) decreases to 9,928 in Table 1.
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(1) (2)

Range of ADTA Frequency Percentage

0 9,803 82.51
0–0.0000001 723 6.09

0.0000001–0.000001 273 2.30
0.000001–0.00001 19 0.16
0.00001–0.0001 33 0.28
0.0001–0.001 76 0.64
0.001–0.01 168 1.41
0.01–0.1 468 3.94

0.1+ 318 2.68

Total 11,881 100

Appendix B. Correlation between Matched Banking
Variables from Fitch and Bankscope

The table in this appendix examines the correlation between various
variables reported by Fitch and Bankscope for the year in which the
two databases overlap (year 2013). Column 1 reports the Pearson
correlation coefficients between the variable values in Fitch and the
corresponding values in Bankscope. Column 2 reports the same cor-
relations, except that variables are trimmed at the 1 percent and
99 percent level. Column 3 reports the mean percentage difference
between the paired variables. Difference ratios are calculated as (the
value in Bankscope – the value in Fitch)/the value in Bankscope.
The variables we use in our paper (i.e., variables which exhibit a
maximum difference of 10 percent) are bolded and highlighted in
grey.
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(1) (2) (3)

Trimmed Percentage of
Variable Name Correlation Correlation Difference Ratio > 0.1

Total Liabilities & Equity 1 0.9999 0.00%
Total Assets 1 0.9999 0.00%
Net Interest Revenue 1 0.9999 4.21%
Number of Branches 1 0.9996 0.81%
Deposits & Short-Term

Funding
0.9999 0.9997 1.29%

Fixed Assets 0.9999 0.9997 4.13%
Gross Loans 0.9999 0.9999 1.78%
Net Loans 0.9999 0.9999 1.71%
Number of Employees 0.9998 0.9999 1.30%
Total Customer

Deposits
0.9998 0.9997 0.81%

Net Income 0.9998 0.9981 5.62%
Tier 1 Capital 0.9997 0.9990 1.23%
Intangibles 0.9997 0.9999 6.97%
Profit before Tax 0.9996 0.9990 5.52%
Derivatives 0.9996 0.9978 2.91%
Reserves for Impaired

Loans/NPLs
0.9995 0.9967 6.54%

Loan Loss Reserves 0.9995 0.9965 8.90%
Total Earning Assets 0.9994 0.9994 2.04%
Impaired Loans 0.9991 0.9959 9.34%
Net Fees and Commissions 0.9990 0.9891 5.96%
Equity 0.9987 0.9985 4.39%
Long-Term Funding 0.9981 0.9894 14.27%
Loan Loss

Reserves/Gross
Loans

0.9979 0.9957 7.94%

Equity/Net Loans 0.9976 0.9915 4.95%
Equity/Total Assets 0.9976 0.9954 4.18%
Equity/Liabilities 0.9969 0.9920 5.48%
Tier 1 Capital Ratio 0.9963 0.9952 1.38%
Equity/Customer &

Short-Term Funding
0.9959 0.9806 5.29%

Net Loans/Total Assets 0.9957 0.9951 0.80%
Trading Liabilities 0.9949 0.9853 2.96%
Tax 0.9948 0.9990 6.14%
Dividend Paid 0.9917 0.9803 13.46%
Subordinated Debts 0.9878 0.9574 4.36%
Impaired Loans/Gross

Loans
0.9792 0.9865 7.94%

Net Loans/Deposits &
Short-Term Funding

0.9765 0.9933 1.90%

(continued)
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(1) (2) (3)

Trimmed Percentage of
Variable Name Correlation Correlation Difference Ratio > 0.1

Net Interest
Revenue/Average Assets

0.9762 0.9955 2.77%

Impaired Loans/Equity 0.9755 0.9750 11.90%
Net Charge-Offs 0.9683 0.9801 6.14%
Dividend Pay-Out 0.9571 0.9507 14.04%
Unreserved Impaired

Loans/Equity
0.9487 0.9712 14.62%

Other Deposits and
Short-Term Borrowings

0.9484 0.9554 8.78%

Non-Interest
Expenses/Average
Assets

0.9416 0.8846 51.47%

Net Interest Margin 0.8854 0.9637 34.14%
Other Operating

Income/Average Assets
0.8801 0.5014 95.67%

Loan Loss
Reserves/Impaired
Loans

0.8612 0.9341 8.98%

Deposits from Banks 0.8459 0.8468 17.75%
Loans and Advances to

Banks
0.8446 0.7786 17.12%

Liquid Assets 0.8369 0.7956 93.69%
Other Operating Income 0.6763 0.6308 95.42%
Return on Average Assets

(ROAA)
0.6539 0.9895 8.30%

Return on Average Equity
(ROAE)

0.6366 0.9812 10.27%

Other Securities 0.6242 0.4288 56.47%
Liquid Assets/Deposits &

ST Funding
0.5550 0.4393 93.93%

Loan Loss Reserves 0.5016 0.4697 97.81%
Other Earning Assets 0.4416 0.3688 99.35%
NCO/Average Gross

Loans
0.2672 0.9779 13.43%

Interbank Ratio 0.0548 0.1847 22.31%



Vol. 19 No. 2 After the Storm: Natural Disasters and Bank Solvency 245

Appendix C. Definitions and Descriptions of Variables

Name Description Sources

Equity Ratio Equity/total assets, winsorized at the
1.5%–98.5% level

Bankscope & Fitch

Tier 1 Capital
Ratio

Tier 1 capital/risk-weighted assets,
winsorized at the 1.5%–98.5% level

Bankscope & Fitch

Damage Ratio Total damages caused by natural
disasters in a given country in year t,
distributed across year t and year
t + 1 following Equation (2) and
divided by the gross domestic product
(GDP) of each country

EM-DAT
International
Disaster Database

Log (Total Assets) Natural log of total assets, winsorized at
the 1.5%–98.5% level

Bankscope & Fitch

Net Loans Ratio Net loans/total assets, winsorized at the
1.5%–98.5% level

Bankscope & Fitch

Customer
Deposits Ratio

Total customer deposits/total assets,
winsorized at the 1.5%–98.5% level

Bankscope & Fitch

Net Income to
Equity Ratio

Net income/equity, winsorized at the
1.5%–98.5% level

Bankscope & Fitch

Real GDP Growth
Rate

Annual growth of the real GDP of a
given country

World Bank

Growth Rate of
Credit to
Private Sector

Annual growth of domestic credit to the
private sector (expressed as a
percentage of GDP) in a given
country, winsorized at the
1.5%–98.5% level

World Bank

Log (Real GDP
per capita)

Natural log of the real GDP per capita
of a given country

World Bank

Year FE Binary variables that take on a value of
1 if a given observation falls within a
year from 2000 to 2017, 0 otherwise

Bankscope & Fitch

Country FE Binary variables that take on a value of
1 if a bank operates in one of 149
countries, 0 otherwise

Bankscope & Fitch

Specialization FE Binary variables that take on a value of
1 if a bank operates under one of
seven business models/specializations
(bank holding companies, commercial
banks, cooperative banks, investment
banks, Islamic banks, real estate and
mortgage banks, and savings banks),
0 otherwise

Bankscope & Fitch

Accounting
Standard FE

Binary variables that take on a value of
1 if a bank employs one of five
accounting standards (IAS, IFRS,
Local GAAP, Regulatory, and U.S.
GAAP) in a given year, 0 otherwise

Bankscope & Fitch
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