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Public summary

m We find that the occurrence of typhoons causes significant negative effects on the Chinese stock market, both economic-
ally and statistically

m We sort the stocks into different portfolios to examine the sensitivity of the typhoons’ effect to different factors and find
that smaller size and lower value stocks are vulnerable to typhoon disasters.

m We also investigate the responses of firms’ managers. We discover that managers are inclined to take precautions such
as altering the debt structure rather than increasing firms’ cash holdings.
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Abstract: This paper examines the impact of typhoons in China on the stock returns and managers’ responses of Chinese
A-share listed firms. Based on a sample of Chinese A-share listed companies from 2003 to 2018, we find that the occur-
rence of typhoons causes significant negative effects on the Chinese stock market, both economically and statistically. We
use an event study approach to test the impact of typhoons directly, and we sort the stocks into different portfolios to ex-
amine the sensitivity of the typhoons’ effect to different factors. We also investigate the responses of firms’ management
to damaging disasters using a difference-in-differences method with multiple time periods. We discover that firms in the
neighborhood area are willing to take precautions, including decreasing the current debt to total debt ratio and increasing
the ratio of long-term borrowing financing to total assets. Furthermore, firms’ overreactions will disappear as the number

of attacks increases, and the rationality of this overreaction needs further research.
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1 Introduction

Due to the influences of the geological structure, natural eco-
logy, and climate change, natural disasters have gradually in-
creased in recent years !". The impact of natural disasters and
the problem of how to address them have attracted wide-
spread attention from all walks of life. In 2016, the UN Sec-
retary General, Ban Ki Moon, remarked that “investors need
to know how the impacts of climate change can affect specif-
ic companies, sectors and financial markets as a whole” at a
UN Foundation Investor Summit on Climate Risk”. In 2021,
the 26th United Nations Climate Change Conference reached
a new climate agreement, the Glasgow Climate Pact, to raise
awareness of the risks of climate change and accelerate the
transition to a low-carbon and green development model. All
the signs indicate that extreme disasters, such as earthquakes,
storms and typhoons, have enormous impacts on society as a
whole. Individuals, companies, and government are all in-
volved.

Many previous studies have documented that the huge
damage to macroeconomic and regional development. There-
fore, here comes the question, how does the stock market re-
spond to the shock? How about firms and managers? In re-
cent years, there has been a growing body of literature study-
ing the implications of natural disasters on investors and cor-
porate management. Our study explores the impact of dis-
asters from the above two aspects. Investors and firms’ man-
agers are both important participants in coping with natural
disasters. They are both the non-macroeconomic parts of the
capital market. First, we examine the impact on the Chinese
stock market to explore the loss for companies. Second, we
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investigate managers’ responses when firms are facing phys-
ical risks caused by typhoons. We use typhoons making land-
fall on the Chinese mainland as a quasi-natural experiment in
this study.

The typhoon disaster is one of the most frequent and seri-
ous meteorological disasters affecting the eastern coastal
areas of China. According to statistics from water con-
servancy and flood control authorities, there are 428 typhoons
made landfall in China from 1949 to 2010, with an average
annual rate of 6.9. From 2011 to 2018, an average of 7.34
typhoons landed in China every year, causing 26,600 houses
to collapse, 20.604 million people to be affected and 54.02
people to die. Recently, extreme weather and climate events
have become more likely to occur and become more intense
under the influence of global climate change. For example,
the July 20 Heavy rainstorm in Zhengzhou. One of the main
causes of the disaster was related to severe typhoon In-Fa.

Typhoons are well suited for our purpose for the following
reasons mentioned in Dessaint and Matray*. First, the occur-
rence of typhoons has its specific propensity, and we cannot
obtain information about the next typhoon from the existing
typhoon information in advance. Second, the occurrence is
exogenous to individuals, firms, and managers. Therefore, the
relevant reactions we observe cannot easily be attributed to
unobserved heterogeneity or reverse causality. Finally, the
typhoon is a disaster with apparent regional tendency and in-
flicts heavy damage to the affected region in China. Thus, in

(D made on January 27, 2016. http://www.un.org/sustainabledevelop-
ment/blog/2016/01/ban-kimoons-remarks-at-investor-summit-on-climate-
risk/
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Section 4.3, a difference-in-difference strategy is designed in
our article.

We document two main findings. First, we examine the ef-
fect of severe weather events on the Chinese A-share stock
market. It is almost universal for A-share stocks across the
country to show a significant negative abnormal return with-
in 30 trading days of a strong typhoon landfall. Further, we
find that stocks with smaller sizes and lower values are more
vulnerable to strong typhoons in the short-term. To further
depict the characteristics of investor reaction, we sort the
stocks into different portfolios by market equity and earning-
price ratio, respectively. Market equity and earning-price ra-
tio are two firm-level characters identified as return predict-
ors for size and value anomalies. A more pronounced size ef-
fect is obtained for the size anomaly when we exclude the
bottom 30% firms according to Liu et al.”l. This result is
slightly different from the US market. The smallest 30% of
firms in China are impacted mildly, while those in the US are
impacted more dramatically compared to the results from
Lanfear et al.’l. For the value factor, the value stocks perform
better than the growth stocks. Moreover, we investigate other
influencing factors, such as industry and type of ownership.
The details are reported in Section 4.2.

Second, for firms’ managers, we show that managers of
firms in the neighborhood area are willing to alter the firms’
debt structure rather than increase cash holdings for risk re-
duction. Based on a difference-in-difference strategy, we di-
vide the firms into three groups in terms of geographical dis-
tance”. We mainly focus on the two calendar quarters prior,
to two quarters after the disaster. First, we find that firms in
the neighborhood will decrease their current debt and in-
crease their long-term borrowing at the same time after the
disaster compared to distant firms. Managers are willing to
take these actions to help firms mitigate liquidity risk. Next,
we investigate the learning behavior of managers. The phe-
nomenon of changing firms’ debt structure will diminish as
the number of attacks increases. Finally, we compare the
firms’ performance between the neighborhood and far area,
and no significant differences are presented. The result fur-
ther validates the use of heuristics by managers to do a risk
assessment. That is, the managers near the disaster zone in-
stinctively take steps to hedge against the risk, even though it
later appears that they have not suffered severer damage.
They make excessive risk assessment mistakes because they
rely on intuition and ignore part of the available information.

We contribute to the literature in two major ways. First,
there is limited empirical research on specific firms’ implica-
tions of such climate risk. This paper contributes to this en-
deavor by studying the impacts of climate disasters on the
Chinese stock market and firms’ financial health. It combines
with the relevant characteristics of the Chinese capital market
and demonstrates that China’s market has its own specific
political and economic features quite different from those in
the US and the rest of the world. Second, the study offers
quantitative estimates of the effect of natural disasters on
firms’ responses using a sample of typhoons as a quasi-exper-
iment from 2003 to 2018. This paper provides new evidence
for managers’ overreaction to salient risks by studying the
change in debt structure among different areas. We also ex-
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plore whether firms’ managers will learn from the events, and
the result is in line with the availability heuristic hypothesis®.
Investors and firms’ managers can take some measures to
avoid and reduce the losses caused by climate disasters ac-
cording to our research. We summarize the most affected
stocks, and force these firms to be more alert to climate risk.
Firms and investors would adjust their strategies accordingly.
Moreover, managers can be more aware of whether the de-
cision is an overreaction, so as to make better decisions to re-
duce the cost of capital. In general, our study is a valuable
guideline for investors and management decision-making.

The rest of the paper is organized as follows. Section 2 is
the literature review. Section 3 describes our data and meth-
odology. The empirical results are subsequently presented
and discussed in Section 4. Finally, Section 5 concludes.

2 Literature review

Our paper is mainly related to the performance of different
participants in capital markets when disaster strikes, such as
investors on financial choice and firms’ response. In this sec-
tion, we briefly go over the papers that study: (a) natural dis-
asters and stock market and (b) natural disasters and firms’ re-
sponse.

2.1 Natural disasters and stock market

First, we can see that much previous literature has tended to
study the short-term or long-term impact of disasters on mac-
roeconomic growth ', The literature on the effects of natur-
al disasters on the micro-level or stock market is limited so
far. Especially, micro-level studies at the level of the indi-
vidual, household, or firm are useful for determining the tar-
get in terms of disaster management policy "”. Shan and
Gong!! take the Wenchuan Earthquake as a natural experi-
ment, and find that firms with headquarters near the earth-
quake’s epicenter experience significantly lower stock re-
turns than other firms following the earthquake. Furthermore,
their results suggest that investor sentiment may play a role.
Bourdeau-Brien and Kryzanowski'* ! find that major natural
disasters induce abnormal stock returns and return volatilities,
and natural disasters cause a significant increase in financial
risk aversion. The rise in risk aversion is regional but wide-
spread enough to affect asset prices. They suggest that these
results are consistent with an emotional-response story. Lan-
fear et al."”! document strong abnormal effects due to U.S.
landfall hurricanes over the period 1990 to 2017 on stock re-
turns and illiquidity across portfolios of stocks sorted by mar-
ket equity (ME), book-to-market equity ratio (BE/ME), mo-
mentum, return-on-equity (ROE), and investment-to-assets
(I/A). From the above literature, we find that natural disasters
can affect the stock market, and investor sentiment may play
an important role in this case. Especially for China’s stock
market, individual retail investors are the most likely senti-

(D The breaking points are 250 kilometers and 500 kilometers. The dis-
aster zone group includes the firms within 250 kilometers of the landing
city; the neighbor group includes the firms which are located less than
500 kilometers and more than 250 kilometers away from the landing city;
the far group includes the firms which are located more than 500 kilomet-
ers away from the landing city.
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ment traders, and individual investors are the major parti-
cipants in the Chinese stock market ..

Furthermore, some research has noted that climate change
risk caused by natural disasters is an important factor affect-
ing stock markets"*"". Santi®” thinks that institutional and re-
tail investors are still not fully pricing climate risks and op-
portunities in their portfolios up to now, and investors’ cli-
mate sentiment is generating much public interest. Wu et al.”"
suggest that disclosures of climate-related information can
help the stock market to price climate risk more efficiently.
Zhang et al.” find that individual investors in the Chinese
stock market have incorporated climate risk into their invest-
ment decisions. Ma et al.”! show that individual stock returns
comove more with market returns when there are climate dis-
asters such as hurricanes and floods. Meanwhile, they point
out that climate events have a greater impact on comovement
in stocks with greater sensitivity to their local economy and
higher information asymmetry. Recently, Venturin®" reviews
how climate change could be considered an additional source
of market risk and concludes by illustrating further directions
for both empirical and theoretical research in the field of cli-
mate finance.

China, as the world’s largest developing country, is also
deeply affected by climate disasters. Developing countries
such as China generally face greater physical risks arising
from natural disasters. Extreme weather such as typhoons and
rainstorms will influence enterprise production. The perform-
ances are the loss of enterprise assets, the decline of short-
term production capacity, the decline of profitability, the
tense and pessimistic mood among investors. Then, the dis-
aster will affect the stock price of enterprises and bring in-
vestment risks. Zhang™! demonstrates that investors are sens-
itive to climate-related physical and transition risks, and
“green” (“brown”) firms are rewarded (penalised) by the mar-
ket when climate risks increase. Besides, China’s political and
economic environments are also quite different from those in
the US and other developed economies. In this paper, we
provide further evidence of the impact of climate risk on the
Chinese stock market by linking certain related factors in
China constructed by Liu et al.l"’.

2.2 Natural disasters and firms’ response

Next, let us focus on the firms’ response to natural disasters.
Overall, the literature on this subject is inadequate. It was not
until recent years that more and more firm-level research
began to emerge.

Firstly, much of the literature has documented the negative
impact of disasters on the performance of companies in the
target region. Gunessee et al.” use two major natural dis-
asters as quasi-experiment, namely the 2011 Japanese earth-
quake-tsunami (JET) and Thai flood (TF) to examine natural
disasters’ effect on corporate performance and study the
mechanisms through which the supply chain moderates and
mediates the link. They find that only JET caused negative ef-
fect, further quantified as short-term and long-term.
Moreover, they document that inventory matters and suppli-
ers only exhibit a moderating influence. Cainelli et al. P! take
the sample of the sequence of earthquakes that occurred in
2012 in the Italian region of Emilia-Romagna to examine
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whether the localization of a firm within an industrial district
mitigates or exacerbates the economic impact. They find that
the earthquake reduced turnover, production, value-added,
and return on sales of the surviving firms. In addition, the
debt over sales ratio grew significantly more in the firms loc-
ated in the areas affected by the earthquake. They also sug-
gest that the negative impact of the earthquake was slightly
higher for firms located in industrial districts. Hsu et al.”
take the sample of the US market, and they also empirically
measure the impact of natural disasters on firm-level operat-
ing performance. The HIT —RATIO, which represents the
percentage of factories of firms affected by natural disasters
in any given year, is designed to measure the damage of each
factory. Their discoveries verify that technology diversity
could mitigate natural disaster risks. Some scholars put for-
ward different views as to whether natural disasters will def-
initely bring negative economic effects. Noth and Rehbein™”
study the effect of the 2013 flooding in Germany and find that
the disaster has robustly positive effects on firm turnover and
cash and reduces firm leverage. They infer that this effect
may be the result of learning from a previous disaster. Okubo
and Strobl P investigate the damaging impact of the 1959 Ise
Bay Typhoon on firm survival and survivor performance in
Nagoya City, Japan. They document that firms in retail and
wholesale were less likely and firms in manufacturing more
likely to survive after the disaster. Surviving firm perform-
ance is heterogeneous across sections.

As to what concerns the studies focusing on China, we first
recall Elliott et al.l', they quantify the impact of typhoons on
manufacturing plants in China. They calculate the precise
damage caused by typhoons of each plant based on a wind
field model. Their results reveal that the impacts on plant
sales can be considerable. Meanwhile, they remind that the
affected companies will take measures like an increase in debt
and a reduction in liquidity as a cushion. In their research
design, they restrict the sample to coastal plants. Sun et al.F"
analyze the impact of climate change risks on China’s miner-
al listed companies. They find that climate change risks have
both positive and negative effects on the financial perform-
ance of mining companies. Mining companies with different
types of resources have different sensitivities to climate
change risks. Pu et al.”” examine the impact of lean manufac-
turing (LM) on the financial performance of companies af-
fected by the Rumbia typhoon disaster. Their findings reveal
an inverted U-shaped relationship between LM and financial
performance in the context of emergency.

Moreover, several existing articles have explored the im-
pact of shocks on corporate policies. Dessaint and Matray"!
find that the sudden shock to perceived liquidity risk leads
managers to increase corporate cash holdings. That is, man-
agers of unaffected firms respond to a hurricane in their prox-
imity by increasing corporate cash holdings. Alok et al.”! ex-
amine whether professional money managers overreact to
large climate disasters. They find that managers in the neigh-
boring areas underweight disaster zone stocks more than dis-
tant managers and the phenomenon will gradually disappear
as time goes by. What is more, a recent paper investigates the
impacts of natural disasters on security analysts’ earning fore-
casts for affected areas in China . Their key findings show
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that analysts’ optimism significantly decreases for firms loc-
ated in neighboring areas and this judgment is not rational.

In our paper, our sample extends the reach beyond coastal
firms and focuses on the major typhoons from 2003 to 2018.
At the same time, we use quarterly rather than annual data to
identify relevant changes in firms. The results have higher
possible precision than those of the previous studies. In addi-
tion, our paper is related to the existing studies of Dessaint
and Matray™ and Alok et al.’”], in which a multi-period differ-
ence-in-difference strategy is employed. We also focus on the
firms near the disaster zone that are not directly affected. The
difference is that we examine managers’ decisions from the
debt structure angle rather than cash holdings. We mainly fo-
cus on two ratios: current debt to total debt ratio and the ratio
of long-term borrowing financing to total assets. From previ-
ous research, we know that extreme disasters are accompan-
ied by powerful destruction. The firms near the disaster zone
cannot guarantee whether they are affected by the disaster.
Generally, neighborhood firms may take precautions to man-
age such risks. In our paper, we examine the above two ratios
to observe neighborhood firms’ responses. The decrease in
current debt to total debt reflects that the short-term debt re-
payment pressure of enterprises has been mitigated. The in-
crease in long-term borrowing to total assets implies that
firms may respond to sudden short-term risks by increasing
long-term capital.

3 Data and methodology

3.1 Typhoon data

We obtain the names, dates, city locations, deaths, economic
loss, and landfall strength of the main typhoons landing in
mainland China from the Yearbook of Meteorological Dis-
asters in China and Baidu Wikipedia. We restrict the list to
typhoons from 2003 to 2018 because there are many missing
quarterly financial data for listed firms and missing informa-
tion for typhoons before 2003. However, many disasters may
not be severe enough to affect the stock market and firms’
managers in China. Thus, we consider a typhoon disaster to
be “major” when its first landing strength is “STY” and “Su-
per TY” “. A typhoon is “minor” if its first landing strength is
“TY”and its damages (adjusted for CPI) are higher than 10
billion RMB. The summary statistics of these typhoons are
presented in Table 1. In this paper, the main results are based
on the “major” typhoons “. In Section 4.3, we focus on
typhoons with total direct damages (adjusted for CPI) above
25 billion RMB when investigating the firms’ response, to en-
sure that the event is sufficiently salient.

3.2 Stock data and financial data

We aggregate accessible stock returns and financial data with
all listed A-share firms in the Chinese mainland from the
CSMAR database. Besides, we require all firms to be public
for more than six months and exclude stocks that are “ST”,
“*ST”, and “PT”. We restrict our samples to non-financial
firms.

Two main firm-level accounting variables are market
equity (ME) and earning-price ratio (EP). A firm’s size is
measured as the stock’s market capitalization at the end of
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June each year. We calculate the EP ratio as the fraction of
net profit and the stock’s market capitalization at the end of
December in the previous year. We rank all stocks by size as
of 30 June each year, where we allocate the stocks to three
size groups: small stocks (small), middle stocks (middle), and
big stocks (big). The breakpoints are the 30th and 70th per-
centiles of the stock’s market capitalization. We also sort
stocks into quintiles for the value factor, and the breakpoints
are determined based on the 20th, 40th, 60th, and 80th per-
centiles. The portfolios are rebalanced at the end of June each
year.

To further illustrate the impact of typhoons, we also sort
the stocks into different groups by other non-firm level classi-
fication indicators, including industry © and the type of the
firm’s ownership.

3.3 Methodology

3.3.1 Stockreturns

In this subsection, we use the standard event study approach
to examine the impact of typhoons on the Chinese stock mar-
ket, and the detailed procedures are as follows:

Event window First, we need to identify our event win-
dows of interest. Heavy rainfall, storm surge, and gale are the
primary aspects of typhoon disaster threatening human life
and the ecological environment. Meanwhile, extreme weath-
er conditions fuel anxiety and fear. Therefore, in this article,
we design five different event windows to capture typhoons’
effect on the Chinese stock market in different periods. Nor-
mally, a warning about the typhoon will be issued by the
Central Meteorological Observatory approximately three days
before landfall. Hence, we use the three days before landing
as the first event window, and abbreviate it as [-3, —1]. Next,
we measure the immediate, short-term, and long-term effects
of post-landfall separately. The corresponding event win-
dows can be abbreviated as [0, 1], [0, 10] and [0, 30]. Finally,
we design a full-scale event window that starts from the warn-
ing day and finishes on the post 30 days after landfall. This
event window is abbreviated as [—3, 30].

Estimation period Next, we should set up an estimation
window. In China, typhoon disasters are inherently very local
and seasonal. For the most part, typhoons occur between June
and October. To avoid contamination of the estimated win-
dow as much as possible, we choose March, April and May as
our estimation period. The period includes approximately 90
calendar days, or 65 trading days

Abnormal return There are many methods for calculating
abnormal returns in the previous literature from the single-
factor model to the multi-factor model. Our paper selects the

( The tropical cyclones in the South China Sea and the northwest Pa-
cific Ocean are divided into six grades according to the maximum aver-
age wind speed near the center of the bottom. "STY" and "Super TY" are
typhoons whose wind grade is above 14. We eliminate the typhoons oc-
curring during the National Day period.

® The detailed comparison between major and minor typhoons and the
regional effect of the typhoons can be found in the supporting informa-
tion.

@ The industry groups are based on the China Securities Regulatory
Commission two-digit SIC classification.
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Table 1. Summary statistics: typhoon disasters.

Name Start Finish  Landing Time Landing Province Landing City Deaths Economic Loss (Billion RMB) Landing Strength
Rananim  2004/8/5 2004/8/13  2004/8/12 Zhejiang Taizhou 184 32.49 STY
Haitang ~ 2005/7/12  2005/7/20  2005/7/19 Fujian Fuzhou 16 16.61 TY
Matsa ~ 2005/7/31  2005/8/9 2005/8/6 Zhejiang Wenzhou 29 27.79 STY
Talim  2005/8/26  2005/9/3 2005/9/1 Fujian Putian 148 23.66 TY
Khanun  2005/9/7 2005/9/13  2005/9/11 Zhejiang Taizhou 25 21.74 STY
Damrey  2005/9/21 2005/9/28 2005/9/26 Hainan Haikou 25 18.81 STY
Chanchu  2006/5/9  2006/5/19  2006/5/18 Guangdong Chaozhou 36 12.43 TY
Prapiroon  2006/8/1  2006/8/5 2006/8/3 Guangdong Yangjiang 96 11.66 TY
Saomai  2006/8/2 2006/8/12  2006/8/10 Zhejiang Wenzhou 483 29.14 SuperTY
Sepat 2007/8/12  2007/8/20  2007/8/19 Fujian Huizhou 63 11.88 TY
Wipha  2007/9/13 2007/9/20 2007/9/19 Zhejiang Wenzhou 9 11.46 STY
Krosa ~ 2007/10/2 2007/10/8  2007/10/7 Zhejiang Wenzhou 0 13.31 TY
Hagupit  2008/9/15 2008/9/26 2008/9/24 Guangdong Maoming 35 17 STY
Morakot ~ 2009/8/2  2009/8/11 2009/8/9 Fujian Ningde 12 16.37 TY
2011/9/29 Hainan Haikou
Nesat ~ 2011/9/24 2011/9/30 8 15.31 STY
2011/9/29 Guangdong Zhanjiang
Damrey 2012/7/28 2012/8/4 2012/8/2 Jiangsu Yancheng 50 55.14 TY
Usagi 2013/9/17 2013/9/23 2013/9/22 Guangdong Shanwei 34 27.85 STY
Fitow  2013/9/29 2013/10/7  2013/10/7 Fujian Ningde 11 66.61 STY
2014/7/18 Hainan Haikou
Rammasun 2014/7/10 2014/7/21 2014/7/18 Guangdong Zhanjiang 73 46.71 SuperTY
2014/7/19 Guangxi Fangchenggang
Kalmaegi 2014/9/12 2014/9/17  2014/9/16 Hainan Haikou 9 18.47 TY
Mujigae  2015/10/1 2015/10/5 2015/10/4 Guangdong Zhanjiang 20 31.37 STY
Nida 2016/7/30  2016/8/3 2016/8/2 Guangdong Shenzhen 1 1.14 STY
Megi 2016/9/23  2016/9/29  2016/9/28 Fujian Quanzhou 39 10.71 TY
2016/10/18 Hainan Haikou
Sarika  2016/10/13 2016/10/19 1 5.29 SuperTY
2016/10/19 Guangxi Fangchenggang
Hato 2017/8/20 2017/8/24  2017/8/23 Guangdong Zhuhai 23 29.03 STY
Maria 2018/7/4  2018/7/11 2018/7/11 Fujian Fuzhou 1 4.16 STY
Mangkhut 2018/9/7 2018/9/17  2018/9/16 Guangdong Jiangmen 6 13.83 STY

This table reports the main information on major and minor typhoon disasters during our sample period (2003 to 2018). We obtain data from the

Yearbook of Meteorological Disasters in China. There are 17 major typhoons and 10 minor typhoons.

single-factor market model. The reason is that we want to ob-
serve the portfolios’ anomalous excess returns separately. By
design, we can discuss the sensitivity of abnormal returns to
other factors separately and see how the returns from the an-
omaly are affected by extreme weather events.

The formula for the market model is as follows:

Rieweny = @ + BiR eveny + Eirs (1)

where Elg;] =0, Var[g,] =07 . In this formula, Rie.., and
R,y Tepresent the returns of stock i and market return for
day t, respectively. &, is the disturbance term. @; and §; can

(D It is noted that although November and December are not included in
the typhoon season, they are most likely in the event window.
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be estimated by OLS.
The expected stock return can be calculated by:

E [Rir(evr:nl)] = &i +ﬁiRmz(evenl)' (2)
We can calculate the abnormal return in the event period:

AR,-, = Rir(evem) - E [Rit(evem)] =
Rit(evenl) - (ﬁ’ i +BiRmt(evenl)) . (3 )

The average abnormal return of N stocks for day ¢ is:

1 N
AAR = D AR, (4)

i=1
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Then the average cumulative average abnormal return for
portfolios over the event period is:

1 S
PAAR=—— > AAR.
L-t+1 ; )

Testing Our ultimate objective is to determine if the abnor-
mal return is significantly different from zero. There are two
main methods to test it: parametric test “>~*” and non-paramet-
ric test ¥, The results of these two methods are both repor-
ted in our tables.

3.3.2 Firms’ response

In this part, we concentrate on the responses of firms’ man-
agement facing typhoons. We know that managers will take
measures to protect themselves against salient risks. Mean-
while, the perceived risk decreases as the distance from the
disaster area becomes longer. Therefore, we assume that the
behavior of managers in the neighboring area will be more
prominent than that of managers in remote areas. As the num-
ber of attacks increases, managers near the disaster zone will
learn from previous experiences and become more experi-
enced little by little. The psychological shock of disasters will
decrease. As a result of managers’ learning behavior, they
will be less likely to overreact to typhoons.

We examine the effect of typhoons using a difference-in-
difference estimation. Our baseline specification is as follows:

Y, =
Bo+BiPost, +B,Treat; + 55 (Treat; X Post,) +

(6)

Controls;,_, + Firm — seasonF E+

Year — quarterFE +¢,,

where Y, is the related financial indicator of firm i at the end
of quarter ¢, and we focus on the two calendar quarters prior
to two quarters after the disaster in the baseline tests. Post,
takes the value 1 for the disaster quarter and the two follow-
ing quarters, and 0 for the two quarters before. Controls;, ,
are vectors of lagged firm-level covariates measured at the
end of the quarter r— 1. Moreover, firm-season fixed effects
and year-quarter fixed effects are both included in the for-
mula. We use firm-season fixed effects because the typhoon
disaster is seasonal and some financial indicators also fluctu-
ate seasonally. Year-quarter fixed effects are used to control
for aggregate macroeconomic changes.

First, we examine the reactions of firms’ managers among
different areas. We compare the difference between disaster
zone and neighbor, neighbor and far in specific analysis.
Therefore, Treat; becomes Disaster; and Neighbor, in their
respective cases. The model is as follows:

Y, =B, + B, Post, + 3, Disaster(Neighbor),+
Bs (Disaster(Neighbor); X Post,) + Controls;,_,+

Firm— seasonFE + Year — quarterFE + ¢, (7

where Disaster; takes the value 1 for the firms in the disaster
zone and 0 for the firms in the neighborhood; Neighbor, takes
the value 1 for the firms in the neighborhood and 0O for the
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firms in the far area. The cross term reflects the difference
between the two sides before and after the disaster. The main
dependent variables we are concerned with are as follows:
CashRatio, Liquidity, LongDebt, RecTurn, InvTurn, and
A.PTurn.

Next, we want to explore whether there is also learning be-
havior in management. In China, the regions most affected by
typhoons are located in the southeastern coastal areas. There-
fore, some cities have disaster propensity. In our study, we
also design three dummy variables to better examine the rel-
evant actions of firms. First, Second and More are dummy
variables that are utilized in our empirical examination. They
equal 1 if the firm is located in the disaster zone or neighbor-
hood area for the first time, second time, and third time (or
more), respectively. The regression we estimate is:

Y, =B, + B, Post, + 8, Disaster(Neighbor),+
6, (Disaster(Neighbor), X Post, X First)+
6, (Disaster(Neighbor), X Post, X S econd) +
0, (Disaster(Neighbor); X Post,x More) +
Controls;, , + Firm — seasonF E+
Year — quarterFE +¢,. ®)

Finally, we investigate the variation in firms’ performance.
We mainly want to examine the difference between the neigh-
borhood and far area. The regression we estimate is:

Y, =B, + B, Post, + B,Neighbor, + B; (Neighbor; X Post,) +
0, (Neighbor, X Post, X First) +
6, (Neighbor; X Post, X S econd) +
0; (Neighbor,; X Post, X More) +
Controls;,_, + Firm — seasonF E+
Year — quarterFE +¢,. )

We keep the firms if their “Age” is more than one year. All
variables are winsorized at the 1st and 99th percentiles. The
control variables which comprise in the next analysis are Age,
S OE, and lagged variables including Size, CashRatio, Lev,
SalesGrowth, ROA, NWC, BM, PPE, and INTANG. We
report the definition of variables in Appendix IV.

4 Results

4.1 Typhoons’ effect, size and value factors

4.1.1 Size anomaly

We first examine the effect of the event on the Chinese stock
market. In the previous section, we calculate the abnormal re-
turns using the single-factor market model. As we all know,
many factors cause market anomalies. It is widely accepted
that size and value proxies are two important asset pricing
factors in the Chinese stock market 1. To better inspect the
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impact of typhoon events, we sort stocks into different portfo-
lios by these two factors. It is known that the Chinese stock
market has unique characteristics: growing rapidly with a
short history, a high proportion of retail investors, low for-
eign participation, etc. Recently, Liu et al. ¥ proposed the size
and value factors in China. They find that the bottom firms
are valued significantly as potential shells in reverse merges
that circumvent tight IPO constraints, so that the size factor
can exclude the smallest 30% of firms. In our article, we
provide more evidence for this finding. We compare the res-
ults sorted by the size factor between the full samples and the
samples that exclude the bottom 30%. The results are repor-
ted in Table 2.

There are several findings in Table 2. First, as shown in
Panels A and B of Table 2, the arrival of typhoons has a sig-
nificant negative impact on Chinese A-share listed firms in
the gross. Second, there is a clearer size effect when we elim-
inate the smallest 30% of firms from the sample. Generally,
small firms, which suffer from high financial leverage and

Table 2. Abnormal returns: three portfolios classified by size.

more cash flow problems, should react more sharply to sud-
den risks. However, we find that the bottom 30% of firms are
not affected heavily from Panel A. This result is in line with
Liu et al.”! where the authors find that the smallest 30% have
returns less related to operating fundamentals when com-
pared to other firms, proxied by earnings surprises. We re-
port a clearer firm-size effect in panel B. In the first two days
after the typhoon made landfall, we observe a negative effect
with statistically significant abnormal returns of —0.153% on
small firms, —0.135% on middle firms, and —0.082% on large
firms, respectively. Compared to the average daily returns of
0.226%, 0.236% and 0.263%, these abnormal returns are
also economically significant. This result suggests that small
firms are more sensitive to typhoons in the short term. We
can see that the effect of typhoons is weakening over time.
Small companies initially overreacted and quickly recovered.
These results are also consistent with those of Lanfear et al.'¥,
who find that micro stocks tend to overreact when hurricanes
make landfall and then recover very quickly in the US mar-
ket. Furthermore, we can observe a significant negative ef-

Panel A: The whole sample

Small Middle Big
Event window
MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat
[-3,-1] 0.102 —0.151 —8.980*** —13.986*** 0.037 —0.184 —13.661*** —18.401*** 0.112 —0.118 —7.456*** —8.979%**
[0, 1] 0.321 —0.072 —3.589*** —10.466*** 0.228 —0.143 —8.677*** —17.035*** 0.256 —0.099 —5.882*** —]]1.16]1***
[0, 10] 0.164 —0.076 —8.015*** —12.070*** 0.113 —0.121 —15.769*** —20.430***  0.116 —0.111 —12.781*** —]5734%**
[0, 30] 0.079 0.038  6.299%**  5480%**  0.018 —0.049 -9.633*** —9.804*** —0.001 —0.087 —14.892%** —14.164***
[-3,30] 0.081 0.021  3.738***  2.821***  0.019 —0.061 —12.486*** —12.613***  0.009 —0.090 —15.851*** —]14.654***
Panel B: Eliminate the smallest 30% firms
Small Middle Big
Event window
MDR PAAR 1-stat z-stat MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat
[-3,-1] 0.047 —0.180 —9.593*** —13.619*** 0.028 —0.188 —11.588*** —14.504***  0.146 —0.092 —4.847*** —5813***
[0, 1] 0.226 —0.153 —6.738*** —13.154*** 0.236 —0.135 —7.015%** —13.239***  0.263 —0.082 —4.087*** —8.404***
[0, 10] 0.124 —0.111 —10.407*** —14.006*** 0.115 —0.124 —13.630*** —17.180***  0.106 —0.111 —10.673*** —13.137***
[0, 30] 0.032 —0.027 —3.910*** —3.964***  0.007 —0.072 —11.621*** —11.366*** —0.009 —0.093 —13.510%** —13.180%**
[-3,30] 0.033 —0.040 —6.148*** —6.225%**  (0.009 —0.082 —13.687*** —13.117***  0.005 —0.093 —13.951*** —]3.345%**
Panel C: Difference (Small-Big)
The whole sample Eliminate the smallest 30% firms
Event window
MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat
[-3,-1] —0.010 —0.033  —1.414 —4.075%**  —0.099 —0.088 —3.230%** —5.689%**
[0, 1] 0.066 0.027 1.047 —0.988 —0.037 —0.071 —2.342%*  —4.627***
[0, 10] 0.048 0.036  2.777*** 1.873* 0.018  0.000 —0.012 —-1.132
[0, 30] 0.080 0.125 14.869*** 13.849***  0.040  0.066  6.763***  6.560%**
[-3,30] 0.072  0.111 13.789***  12.370***  (0.028  0.052  5.589%** 5 ]78***

This table reports main results sorted by market equity for the major typhoons. MDR is the mean daily percentage return of the event window. PAAR

is the average abnormal percentage return of the portfolios. The size groups are formed based on top 30%, middle 40%, and bottom 30% of the market

capitalization at 30 June of each year. Panel A reflects all the samples and Panel B just reflects the samples which exclude the smallest 30% firms.

This table presents five different event windows and the expected abnormal return is calculated using a market model. #-stat is the statistical

significance based on the 7-test statistic. z-stat is the statistical significance based on the Wilcoxon signed-rank test. Note: *** significant at the 1%

level, ** at the 5% level, * at the 10% level.
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fect on the event window before the typhoon makes landfall
in Panel A and Panel B". This result may have something to
do with investor sentiment. When the National Meteorologic-
al Center issues a typhoon warning, people feel anxious and
fearful.

4.1.2 Value anomaly

In the next work, we explore the response of the value factor
to typhoon disasters. Much previous literature has studied the
value premium phenomenon of the Chinese stock market.
Firms with a high book-to-market ratio are more likely to ex-
perience financial distress and are exposed to bankruptcy risk,
so companies need more compensation for risk “**7. In China,

Table 3. Abnormal returns: five portfolios classified by value factor.

A-shares exhibit a strong value effect ***’. Generally, in-
vestors are willing to pay a premium for stocks with a higher
book-to-market ratio. Ng and Wu"” find that Chinese retail
investors prefer holding growth stocks. It seems plausible that
the growth stocks of A-shares are overvalued. Lately, Bai et
al.’" find that disasters can help explain the value premium
puzzle. When a disaster occurs, value firms are burdened with
more unproductive capital, so they are more exposed to the
disaster risk than growth firms. In our paper, we use the earn-
ing-price ratio (EP), which performs better than the book-to-
market ratio in capturing all Chinese value effects ™, to fur-
ther examine the typhoons’ effect. In Table 3, we examine the
value effect in the event period.

Portfolio .1 19, 19] 19301
MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat
Q1 (Low) 0.150 —0.217 —7.297*** —12.206%** 0.101 —0.132  —9.415%** —]1.919%** 0.009 —0.062 —6.600%*** —6.568***
Q2 0.241 —0.160 —5.395%** —Q237%** 0.079 —0.170 —11.797*%* —13.772%** 0.003 —0.082 —8.316*** —7.970%**
Q3 0.260 —0.134 —4.833%**  —Q ]77%** 0.121 —0.136 —10.109%%* —12.973*** 0.019 —0.078 —8.833*** —87]7***
Q4 0.260 —0.092 —3.663***  —7.989%** 0.112 —0.115 —9.455%** —]1.618*** 0.004 —0.076 —9.421*** —93]7***
Q5 (High) 0.264 —0.018 —0.774 —4.9]14%** 0.134 —0.033 —2.880*** —5188*** 0.010 —0.019 —2.558** —2.957**
Difference (Q1-Q5) —0.114 —0.198 —5288*** —7.255%*%*  —0.034 —0.099 —5.476%** —6.433*** —0.002 —0.043 —3.582%** —3.249%**

This table reports main results sorted by value factor (EP ratio) for the major typhoons. MDR is the mean daily percentage return of the event window.
PAAR is the average abnormal percentage return of the portfolios. The value groups are formed based on quintiles of EP at 30 June of each year. The
panel is the result of smallest 30% elimination. This table presents three different event windows and the expected abnormal return is calculated using a
market model. #-stat is the statistical significance based on the 7-test statistic. z-stat is the statistical significance based on the Wilcoxon signed-rank test.
Note: *** significant at the 1% level, ** at the 5% level, * at the 10% level.

As shown in Table 3, five portfolios are arranged by EP ra-
tio. In accordance with the apparent negative relation between
size and abnormal returns, we observe a significant negative
effect between value and abnormal returns of portfolios sor-
ted on the EP ratio. For the first two days after landing, the
portfolio with the lowest EP ratio (P1) has an average abnor-
mal return of —0.217%, while the portfolio with the highest
EP ratio (P5) has an average abnormal return of —0.018%.
This result suggests that the higher the EP ratio of stocks is,
the more negligible the effect caused by typhoon disasters is.
This conclusion is also confirmed in subsequent short- and
long-term event periods. The results seem to differ from Bai
et al.®", but actually, it is reasonable if we think about it from
another perspective. In China, value stocks exhibit lower de-
fault risk than growth firms, contradicting the usual risk-
based rationalization of the value premium ™. This finding
might explain the phenomenon of the stock market when
typhoons strike. Moreover, the value firms’ business is more
stable than growth firms, and they seem to be not very sensit-
ive to perturbation of future outlook.

4.2 Other effects of typhoon disasters

4.2.1 Typhoon effects on various industries

The prior literature finds that natural disaster risk will influ-
ence insurance markets tourism industry “**, Lanfear et al.!”
have documented that almost all industries will be influenced
by natural disasters. Elliott et al."” explore typhoons’ effect
on Chinese manufacturing factories’ turnover. To further test

0202-8

the relation between the event effect and the characteristics of
the affected stocks, we report the results corresponding to
portfolios classified by industry in Table 4. In fact, we can in-
tuitively perceive that the different industries can react differ-
ently to typhoon events. Overall, the major typhoons bring
about remarkable adverse results on most industries in Table 4,
especially, “Manufacturing”, “Utilities”, “Information and
Technology”, “Social Service” and “Entertainment and Cul-
ture” industries. Moreover, not all industries suffer a negative
impact. We discover that the performance of “Agriculture,
forestry and fishing”, “Mining”, “Real Estate” and “Con-
glomerates” industries is not outstanding. It is worth noting
that the hardest-hit industries seem not to have a more pro-
nounced negative effect, such as “Agriculture, forestry and
fishing” industry. During the typhoon season, fishers are
barely able to work, while heavy rains and storm surges des-
troy crops. However, we do not observe a significant negat-
ive effect in the event windows. This result is improbable in-
tuitively. According to news reports, the government seems to
be particularly concerned about the impact of the natural dis-
asters on the "Agriculture, Forestry and Fishing" sector. The
government does much work to prevent and subsidize pro-
duction before and after disasters. This may also be one reas-
on why it seems that it is not impacted seriously. Further-

@ The results of [-3, —1] are similar in other cases. The result of [-3, 30]
is consistent with [0, 30]. To save space, we present only the other three
event windows to show the difference between different cases.
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Table 4. Abnormal returns: portfolios classified by industry.
Industry [0, 1] [0, 10] [0, 30]
MDR PAAR  t-stat z-stat MDR PAAR  t-stat z-stat MDR PAAR t-stat z-stat
Agriculture, forestry and fishing 0.291 —0.034 —0.278 —-1.576 0.201 0.066 1.010 0.556 0.020 —0.035 —0.851 —0.086
Mining 0.072 =0.167 —2.645%** —4.543*** (0.194 0.033 0.844 1.894* 0.037 0.001 0.022 0.290
Manufacturing 0.205 —0.165 —10.657*** —17.841%** 0.110 —0.145 —19.534*** —23.602***  0.007 —0.082 —16.210*** —16.083***
Utilities 0.286 —0.102 —2.171*%*%  —=3.907*** 0.042 —0.068 —3.194*** —3.912*** (0.029 0.001 0.087 —0.426
Construction 0.290 0.043 0.583 —-1.067 0.216 0.009 0.260 —0.183 0.076 0.049  2.103%*  2.454%*
Transportation and storage  0.334 0.028  0.550 —1.490 0.041 —0.074 —3.328*** —3.617*** —0.029 —0.055 —3.810%** —3.050%**

Information and technology
0.389 -0.012 —0.239
0.430 0.100 1.954%*
0.246 —-0.117 —-1.913*
0.158 —0.215 —2.462**
0.369 —0.027 —0.172

Wholesale and retail Trade
Real estate —0.276

Social service
Entertainment and culture

Conglomerates -1.010

0.215 —0.239 —4.979*** —8.051*** 0.193 —0.200 —7.707*** —9.572%** (0.007 —0.115 —7.060%** —7.346%**
—3.336*%** 0.126 —0.032 —1.334
0.089 —0.026 —1.073
—3.457*%*%% 0.110 —0.165 —5.889*** —6.212*** 0.007 —0.070 —3.577*** —3.238%**
—3.371%*%*% 0.108 —0.156 —3.562*** —5176*** —0.030 —0.090 —2.944*** —2.66]***
0.098 —0.046 —0.726

—4.009%**  0.001 —0.058 —4.100%** —4.274%**
—2.689%*%* 0.032 0.008 0.532 0.209

—1.490 0.051 0.008 0.178 0.198

This table reports main results sorted by industry for major typhoons. MDR is the mean daily percentage return of the event window. PAAR is the

average abnormal percentage return of the portfolios. The industry groups are based on the China Securities Regulatory Commission two-digit SIC

classification. All the panels are the results of smallest 30% elimination. This table presents three different event windows and the expected abnormal

return is calculated using a market model. #-stat is the statistical significance based on the 7-test statistic. z-stat is the statistical significance based on the

Wilcoxon signed-rank test. Note: *** significant at the 1% level, ** at the 5% level, * at the 10% level.

more, there may be some abnormal factors that have not yet
been found.

Another notable point is that the industry categories cannot
directly reflect whether the enterprise is low-carbon or
"green". Our results indicate that some industries do not show
a significant negative effect as investors perceived these com-
panies to be less sensitive to climate events.

4.2.2 SOEs versus non-SOEs

State-owned enterprises play an important role in all coun-
tries, particularly in China. Compared with non-SOEs, the
labor productivity and total factor productivity of SOEs are
significantly higher®. Better human capital, more market
power and better management are huge advantages for SOEs.
In addition, the current Chinese policy regime also features
financial repression, under which banks are required to ex-
tend funds to SOEs™. Li et al.*" find that SOE managers
have less incentive to sustain high stock prices, and highly-
valued SOEs have significantly lower levels of abnormal ac-
cruals than highly-valued non-SOEs during the period of high
valuation. According to prior literature, compared to SOEs,
non-SOEs are more sensitive to the market and more likely to
react strongly to external shocks””**. In this part, we examine
the impact on different ownership structures. We divide the
firms into SOEs and non-SOEs. The results are presented in
Table 5.

From Table 5, we find that there is a significantly negative
effect with an abnormal return of -0.212% for non-SOEs in
the first two days after landfall. This negative effect lasted for
at least 30 days. For SOEs, the values of negative abnormal
returns are smaller than those for non-SOEs. The results im-
ply that the response to typhoons is quite different because of
the difference in ownership types. Non-SOEs are more sensit-
ive to extreme events. Our findings confirm the conclusion
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from Wu et al.”*!, who point out that the industry carbon emis-
sion, local abnormal temperature, state ownership, institution-
al shareholding, and dividend payout are important moderat-
ors which shape the association of corporate climate risk and
the adverse market reaction.

4.3 Firms’ response

4.3.1 Financial health

We have documented that firms’ stock prices suffer a negat-
ive effect when typhoons strike. In addition, we have verified
that companies face climate risks in Sections 4.1 and 4.2.
How then do companies manage these risks? In this section,
we begin to investigate typhoons’ impact on firms’ funda-
mental operations.

First, we examine the firms’ responses and managers’ reac-
tions. Our first interested issue is the changes in debt struc-
ture. The main proxy variables are the ratio of current debt to
total debt (Liquidity) and the ratio of long-term borrowing to
total assets (LongDebt). We also examine the variation of
cash holdings using a firm-level variable of CashRatio. We
keep the firms if their "Age" is more than one year. All vari-
ables are winsorized at the Ist and 99th percentiles and are
defined in Appendix IV.

In Columns (2) and (3) of Table 6, we test these two ratios:
LongDebt ratio and Liquidity ratio. Prior literature points out
that natural disasters can increase financial risks "\ For these
enterprises, liquidity risk is an essential part of firms’ risk
management. Ramirez and Altay™™ find that firms hold more
cash in countries with greater exposure to natural disasters.
Dessaint and Matray™ document that firms will increase their
cash holdings just because they are near the disaster zone al-
though they are unaffected actually. These are two methods
for companies to manage liquidity risk in the face of natural
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Table 5. Abnormal returns: SOEs vs. non-SOEs.

[0,1] [0, 10] [0, 30]
Type of ownership
MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat
SOEs 0.309 —0.037 —2.193**  —8.481*** (.075 —0.047 —5.880*** —9.154*** (.016 —0.020 —3.909*** —4 273***
NonSOEs 0.172 —0.212 —12.587*** —20.008*** 0.155 —0.186 —22.426*** —26.738*** (0.004 —0.110 —19.289*** —]8.888***

Difference (NonSOEs - SOEs) —0.137 —0.175 —7.391%%* —9.238*** (.080 —0.140 —12.195%** —14.425%** —0.012 —0.091 —11.877*** —]1.575%**

This table compares the results in SOEs and non-SOEs for major typhoons. MDR is the mean daily percentage return of the event window. PAAR is the
average abnormal percentage return of the portfolios. An observation is classified as “SOE” if these firms are state-owned enterprises and “non-SOE”
otherwise. All the panels are the results of smallest 30% elimination. This table presents three different event windows and the expected abnormal return
is calculated using a market model. ¢-stat is the statistical significance based on the 7-test statistic. z-stat is the statistical significance based on the
Wilcoxon signed-rank test. Note: *** significant at the 1% level, ** at the 5% level, * at the 10% level.

Table 6. Typhoons’ impact on firms: firms’ response.

Panel A: Disaster zone VS Neighbor

M @ 3) “ (%) (6)
CashRatio Liquidity LongDebt RecTurn InvTurn A.PTurn
Post —0.000 0.001 —0.002 —0.523 —0.052 —0.096
(=0.118) (=0.162) (=0.916) (-0.382) (=0.160) (—0.443)
Disaster 0.01 1*** —0.008** 0.002 0.002 —0.386 —0.503%**
(—4.050) (—2.024) (—1.355) (0.001) (-1.382) (=2.717)
Disasterx Post —0.003 0.005 —0.000 0.495 —0.006 0.082
(—1.083) (1.129) (—0.208) (0.366) (=0.019) (0.383)
Controls Yes Yes Yes Yes Yes Yes
Firm-season FE Yes Yes Yes Yes Yes Yes
Year-quarter FE Yes Yes Yes Yes Yes Yes
N 15212 15288 15289 15261 15091 15277
Adj. R-sq 0.651 0.659 0.694 0.711 0.782 0.726
Panel B: Neighbor VS Far
M @ 3 “ (5 (6
CashRatio Liquidity LongDebt RecTurn InvTurn A.PTurn
Post —0.004 —0.002 0.003 —1.242 —-0.277 —0.061
(—1.506) (=0.611) (1.541) (—0.690) (=0.810) (-0.381)
Neighbor 0.002 0.014%** —0.008%** 3.836%** 0.238 0.259%*
(1.088) (4.513) (—6.074) (2.709) (0.891) (2.065)
Neighborx Post —0.003 —0.009** 0.005%** —0.732 —0.064 0.203
(—1.196) (—2.527) (3.446) (—0.467) (—0.218) (1.462)
Controls Yes Yes Yes Yes Yes Yes
Firm-season FE Yes Yes Yes Yes Yes Yes
Year-quarter FE Yes Yes Yes Yes Yes Yes
N 57221 57453 57454 57279 56983 57400
Adj. R-sq 0.628 0.644 0.693 0.585 0.716 0.687

In this table, we focus on two quarters before to two quarters after the disaster. The dependent variable Y is replaced by CashRatio, Liquidity ratio,
LongDebt ratio, RecTurn, InvTurn, A.PTurn. Disaster takes the value 1 for the firms that are less than 250 kilometers away from the landing city and
0 for the firms in the near disaster zone (more than 250 kilometers and less than 500 kilometers away from the landing city). Neighbor takes the value 1
for the firms in the near disaster zone and 0 for the firms far from the disaster zone (more than 500 kilometers away from the landing city). Post takes the
value 1 for the disaster quarter and the two following quarters, and 0 for the two quarters before. The data spans the period 2003-2018. ¢-values are
reported in parentheses. Note: *** significant at the 1% level, ** at the 5% level, * at the 10% level.

disasters. In our paper, we investigate two other approaches to ence between the disaster zone and neighborhood, neighbor-
managing liquidity risk. In Table 6, we investigate the differ- hood and the far area, respectively. There is no clear differ-
0202-10 DOI: 10.52396/JUSTC-2022-0157

JUSTC, 2024, 54(2): 0202



Zzsrg "

Shao et al.

ence between disaster zone and neighborhood. However, a
significant difference is manifested between the neighbor-
hood and the far area in Panel B. We find that the current debt
to total debt ratio decreases and the long-term borrowing to
total assets ratio increases after damaging typhoons for the
firms in the neighborhood compared to the distant firms. Both
indicators reflect the preventive motivation of management.
Neighborhood firms want to reduce short-term capital repay-
ment pressure through these measures.

At the same time, we look into the change in cash holdings
among different areas. From Panel A of Table 6, we observe
that the firms in the disaster zone tend to keep a higher cash
holding level, compared to the neighborhood regardless of
whether there is a typhoon or not. It is not difficult to explain
that the disaster zone itself is more prone to be struck by
typhoons due to its geographical location. Therefore, the
managers in the disaster zone will perform more forms of pre-
vention for fear of a negative external shock compared to the
far area. However, the occurrence of typhoons does not
prompt management to increase cash holdings significantly,
regardless of whether the firms are in the disaster zone or
neighborhood. These results support the view that there has
been no significant change in cash holdings from an account-
ing angle.

4.3.2 Managers’ learning behavior

Dessaint and Matray™ and Alok et al.”” have documented that
managers can learn, or otherwise become less impacted by sa-
lience, and they exhibit less overreaction as they become
more disaster-experienced. Noth and Rehbein™ note that
firms that suffered from major disasters in the past will learn
from previous experience. Therefore, when they are attacked
the next year, the impact is negligible. In Table 7, we report
similar results. For panel A, the results are not significantly
different from Table 6. We do not find a significant differ-
ence between disaster zones and neighbors for CashRatio and
LongDebt. Firms between neighborhood and disaster zones
exhibit a significant difference only for the Liquidity ratio.
This phenomenon may be caused since the typhoon is a kind
of short-term dramatic event. Therefore, it is more apparent
for the variation of the neighborhood firms’ short-term finan-
cial decision. Now, we turn our attention to panel B. Columns
2 and 3 reveal that the firms’ liquidity ratio decreases and the
long-term borrowing ratio increases when the firms are loc-
ated in the neighborhood area for the first time, that is, the
disasters for managers are new and unusual. The second time,
firms’ response is the same as the first time. When this event
repeats for the third time or more, the coefficient on the inter-
action between Treat, Post and MoreTime is lower than the
first and second time and is even statistically insignificant.
This result is in accord with the availability heuristic hypo-
thesis. When risks are less salient, the overreaction decreases.
If managers know the risk and ignore it, this learning behavi-
or may decrease the cost of overreaction . The Columns (4)
to (6) in Table 7 present the variation of the other three
turnover ratios (RecTurn, InvTurn, and A.PTurn). The cap-
ital turnover of enterprises is also examined and shows a
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stable pattern after typhoons. This result is consistent with Ta-
ble 6.

4.3.3 Financial performance: neighbor vs. far

In this section, we further observe the firms’ impact of
typhoons. We compare the performance of different regions
before and after typhoons. ROA, ROE, SalesGrowth, and
Tobin's Q are the four proxies for firms’ performance in the
regression. Table 8 shows us the main results. We compare
the difference between neighborhood and remote areas. As
shown in Table 8, the coefficients are not statistically signific-
ant, in particular, the ROA and ROE. The coefficients are not
significant both statistically and economically. For
SalesGrowth, although the neighborhood is worse off after
multiple attacks, it is not significant statistically. For Tobin’s
Q, we find that neighborhood firms experience a negative ef-
fect for the first time, and then they perform no difference in
other cases. In summary, we do not obtain enough evidence
to prove that typhoons cause a significant difference in firms’
performance between neighborhood and remote areas. We
know that neighborhood firms take measures to prevent dis-
aster risk. However, there is no significant difference in the
performance between the two areas. This result indicates that
managers seem to overreact to external shocks although they
are actually not affected. The managers near the disaster zone
do not have access to superior information regarding future
performance, and they make excessive risk assessment mis-
takes because they rely on intuition.

5 Conclusions

Much of the previous literature on the impact of natural dis-
asters has tended to focus on national or regional effects. In
our paper, we take typhoon events in China as a quasi-experi-
ment and explore the impact on the Chinese A-share stock
market. Meanwhile, we investigate the typhoons’ effect from
the firm level and observe the managers’ reactions facing
damaging disasters.

We first examine the impact of the typhoon disaster on the
stocks of firms in the Chinese A-share market. We find that
stocks with a smaller size and a lower earning-price ratio are
vulnerable to typhoon disasters. When we exclude the bot-
tom 30% of the sample in this paper, the explanatory power
of the size factor does indeed increase. The phenomenon is
now well understood according to Liu et al., that is, the fun-
damental operations of the bottom 30% of firms do not pre-
cisely reflect the firms’ returns. The story for value stocks is
consistent with Lanfear et al.") who point out that not all dis-
asters impact value stocks negatively. These results are ro-
bust to a non-parametric test. We also explore other factors
such as distance, industries and type of ownership.

Next, we investigate the responses of firms’ managers. We
find that managers are inclined to take precautions such as al-
tering the debt structure rather than increasing firms’ cash
holdings. This result is further evidence of the differences
between the Chinese and US markets. Managers’ learning be-
havior and managerial overreaction warrant further investiga-
tion. We document a waning trend for managers’ reactions
along with an increase in the number of strikes. There is no

DOI: 10.52396/JUSTC-2022-0157
JUSTC, 2024, 54(2): 0202



Z“;tsrg "

Stock market and managers’ responses to typhoons Shao et al.
Table 7. Typhoons’ impact on firms: firms’ response.
Panel A: Disaster zone vs. Neighbor
) @ 3) “ (5) (6
CashRatio Liquidity LongDebt RecTurn InvTurn A.PTurn
Post —0.001 0.000 —0.002 —0.898 —0.105 —0.072
(-0.218) (0.099) (-0.982) (—0.655) (-0.319) (-0.332)
Disaster 0.01 [*** —0.008* 0.002 0.101 —0.394 —0.505%**
(4.071) (—1.937) (1.307) (0.086) (—1.409) (—2.726)
Disaster x Postx First -0.004 —-0.003 0.002 -1.011 0.355 0.061
(—1.148) (-0.532) (0.926) (—0.657) (0.962) (0.250)
Disaster x PostxS econd —-0.005 0.010* —0.003 —0.502 —0.636 0.247
(-1.225) (1.805) (-1.389) (-0.302) (-1.592) (0.935)
Disaster x PostxMore 0.000 0.016%** —0.002 5.303%%* 0.104 —-0.109
—-0.025 (2.626) (—0.649) (3.017) (0.246) (=0.390)
Controls Yes Yes Yes Yes Yes Yes
Firm-season FE Yes Yes Yes Yes Yes Yes
Year-quarter FE Yes Yes Yes Yes Yes Yes
N 15212 15288 15289 15261 15091 15277
Adj. R-sq 0.651 0.659 0.694 0.712 0.782 0.726
Panel B: Neighbor vs. Far
) (@) (3) “ (5) (6)
CashRatio Liquidity LongDebt RecTurn InvTurn A.PTurn
Post —0.004 —-0.003 0.003 —1.285 —0.286 —0.063
(-1.500) (-0.624) (1.562) (-0.713) (—0.839) (=0.397)
Neighbor 0.002 0.015%** —0.0087#* 3.888%x 0.254 0.266%*
(1.082) (4.560) (=6.156) (2.743) (0.948) (2.124)
Neighbor x Postx First —0.002 —0.010%** 0.006%** —1.505 —-0.257 0.136
(-0.993) (—2.634) (3.717) (—0.865) (-0.782) —0.886
Neighbor xPostxS econd -0.003 ~0.010%* 0.006%** ~0.135 0.010 0.160
(-1.059) (—2.266) (3.171) (—0.069) (0.028) (0.923)
Neighbor * Postx More -0.003 —0.006 0.003* —0.154 0.129 0.317%*
(-1.062) (—1.568) (1.925) (—0.085) (0.376) (1.968)
Controls Yes Yes Yes Yes Yes Yes
Firm-season FE Yes Yes Yes Yes Yes Yes
Year-quarter FE Yes Yes Yes Yes Yes Yes
N 57221 57453 57454 57279 56983 57400
Adj. R-sq 0.628 0.644 0.693 0.585 0.716 0.687

In this table, we focus on two quarters before to two quarters after the disaster. The dependent variable Y is replaced by CashRatio, Liquidity ratio,

LongDebt ratio, RecTurn, InvTurn, A.PTurn. Disaster takes the value 1 for the firms that are less than 250 kilometers away from the landing city and

0 for the firms in the near disaster zone (more than 250 kilometers and less than 500 kilometers away from the landing city). Neighbor takes the value 1

for the firms in the near disaster zone and 0 for the firms far from the disaster zone (more than 500 kilometers away from the landing city). Post takes the

value 1 for the disaster quarter and the two following quarters, and 0 for the two quarters before. First, Second and More are dummy variables. They

take the value 1 when the firms located in the disaster zone (neighbor) for the first time, second time and third (or more) time, respectively and 0

otherwise. The data spans the period 2003-2018. ¢-values are reported in parentheses. Note: *** significant at the 1% level, ** at the 5% level, * at the

10% level.

performance difference among different areas, which sug-
gests that the managers exhibit overreaction.

Policymakers, investors and firm managers can also learn
from the reported findings about optimal disaster decisions.
One thing we do know is that the impact of disasters on soci-
ety is severe, so the stock market and firms reflect clearly.
However, we have not yet concluded whether such measures
will be costly for businesses. There is still much uncertainty
about whether investors and firms’ overreactions are detri-
mental to post-disaster reconstruction. Furthermore, the geo-
graphical distance of the company headquarters is used to di-
vide the groups in this paper. In fact, the distance of the fact-

ory from the disaster zone could be more accurate. In future
research, we intend to further explore the costs and benefits of
disaster prevention measures and more analytical methods to
provide better insights.

Supporting information

The supporting information for this article can be found on-
line at https://doi.org/10.52396/JUSTC-2022-0157. It in-
cludes three tables.
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Table 8. Typhoons’ impact on firms: firms’ performance (neighbor vs. far).
€)) (2) (3) 4) (%) (6) ) (3) ) (10) (11) (12)
ROA ROA ROA ROE ROE ROE SalesGrowth SalesGrowth SalesGrowth Tobin’s Q Tobin's Q Tobin's Q
Post 0.001 0.001 -0.001 0.002 0.002 -0.002 -0.221 -0.206 0.205 -0.102%*  -0.104%* (.179%%*
(0.749) (0.728) (-1.430) (0.964) (0.929) (-1.380) (-0.108) (-0.101) (0.190) (-2.151)  (-2.193) (-4.269)
Neighbor 0.000 0.000 0.000 0.001 0.001 0.001 -2.062 -2.087 -0.213 0.121%%% 0, 123%%* (,140%%**
(0.125) (0.082) (0.388) (0.856) (0.836) (0.629) (-1.291) (-1.305) (-0.252) (3.275) (3.322) (4.231)
Neighbor > Post -0.000 -0.000 1.951 -0.021
(-0.110) (-0.210) (1.102) (-0.515)
Neighborx Postx First -0.000 -0.000 -0.001 -0.000 2.245 0.136 0.054  -0.088**
(-0.216) (-0.166) (-0.574) (-0.256) (1.143) (0.131) (-1.191)  (-2.162)
Neighborx PostxS econd 0.001  0.001 0.002  0.002 1.918 -0.197 0.013 -0.004
(1.131) (1.270) (1.178) (1.330) (0.868) (-0.169) (0.262)  (-0.077)
Neighborx Postx More -0.001 -0.001 -0.001 -0.001 1.599 -0.335 -0.002 0.010
(-0.846) (-0.633) (-0.699) (-0.551) (0.778) (-0.308) (-0.044)  (-0.229)
Controls No No Yes No No Yes No No Yes No No Yes
Firm-season FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year-quarter FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 57826 57826 57446 57834 57834 57454 57809 57809 57435 57834 57834 57454
Adj. R-sq 0.409 0.409 0.541 0.400 0.400 0.526 0.008 0.008 0.477 0.460 0.460 0.575

In this table, we focus on two quarters before to two quarters after the disaster. The dependent variable Y is ROA in columns 1, 2 and 3, ROE in columns
4,5 and 6, SalesGrowth in columns 7, 8 and 9, and Tobin’s Q in columns 10, 11 and 12. Neighbor takes the value 1 for the firms in the neighborhood
area (more than 250 kilometers and less than 500 kilometers away from the landing city) and 0 for the remote firms (more than 500 kilometers away from
the landing city). The data spans the period 2003-2018. t-values are reported in parentheses. Note: *** significant at the 1% level, ** at the 5% level, * at

the 10% level.
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Appendix

A.1 Robustness test

In Table A1, Panel A and Panel B show the results of the
three-factor model. Because of the financial crises in 2008
and 2015, the typhoons in 2008 and 2015 are eliminated from
Panel C. In these three cases, our results are still robust. Fur-

Table A1l. Robustness test

thermore, we also try the other event windows in the process
of analysis, and the results are robust.

A.2 Parallel trend test

In Table A2, we present the results of the Parallel Trend Test.
From Panel A and Panel B, we can both find that the coeffi-
cients of the cross terms before the event are not statistically
significant. Therefore, the analysis in this paper satisfies the
premise of a parallel trend.

A.3 Other related factors

In this table, we calculate the abnormal returns of different
portfolios sorted by return-in-equity (ROE), investment-on-
assets (I/A) and momentum. We first eliminate the smallest
30% firms and then divide the stocks into groups following
Lanfear et al.”l. From Table A3, first we find the higher the
ROE is, the lower the typhoons’ effect on the profitability
factor in the short-term, while the long-term picture is the op-
posite. There seems to be some similarity with the size effect.
For the investment factor, it is clear that the short-term re-
sponse of typhoons is more dramatic. The above two factors
are also mentioned in the FF five-factors model. For the mo-
mentum factor, the immediate effect is not significant.
However, high momentum portfolios perform more negat-
ively as time goes by.

A.4 Definition of variables

Panel A: The whole sample(Three-factor model)

Event window MDR PAAR t-stat z-stat
[0, 1] 0.264 —0.012 -1.202 —10.987%**
[0, 10] 0.130 —-0.013 —2.681%** —8.184%**
[0, 30] 0.031 —0.004 -1.340 —2.608%**

Panel B: Eliminate the smallest 30% firms(Three-factor model)

Event window MDR PAAR t-stat z-stat
[0, 1] 0.240 —-0.029 —2.468** —9.920%**
[0, 10] 0.115 —-0.027 —4.7758%** —8.598%**
[0, 30] 0.010 —0.029 —7.861%%* —8.397***

Panel C: Eliminate the smallest 30% firms & Eliminate typhoons happened in 2008 and 2015(Single-factor market model)

Event window MDR PAAR t-stat z-stat
[0, 1] 0.149 —0.112 —9.307%** —19.083%**
[0, 10] 0.170 -0.120 —21.174%** —26.734%**
[0, 30] 0.031 —0.069 —17.824%** —17.451%%*

This table reports the robustness test for the major typhoons. MDR is the mean daily percentage return of the event window. PAAR is the average

abnormal percentage return of the portfolios. Panel A reflects all the samples and Panels B and C reflect only the samples that exclude the smallest 30%

firms. Panel A and Panel B show the results when we calculate the abnormal return using the three-factor model. Panel C shows the result when we

eliminate the two years when the financial crisis occurred. 7-stat is the statistical significance based on the 7 -test statistic. z-stat is the statistical

significance based on the Wilcoxon signed-rank test. Note: *** significant at the 1% level, ** at the 5% level, * at the 10% level.
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Table A2. Parallel trend test.

Panel A: Disaster zone VS Neighbor

(O] ()] 3) “4)
Liquidity LongDebt Liquidity LongDebt
Dispre[—2, —1] —0.005 0.000 —0.005 0.000
(-1.166) (0.025) (-1.122) (=0.058)
Dispost[0, 2] —0.004 0.003**
(-1.097) (2.019)
Disaster —0.002 0.001 —0.001 —0.000
(—0.958) (0.995) (-0.291) (=0.067)
Pre[-2, 1] 0.005 —0.002 0.006 —0.003
(1.060) (=0.963) (1.435) (-1.729)
Post[0, 2] 0.007** —0.006%**
(2.109) (-4.136)
Controls Yes Yes Yes Yes
Firm-season FE Yes Yes Yes Yes
Year-quarter FE Yes Yes Yes Yes
N 24456 24457 24456 24457
adj. R-sq 0.650 0.693 0.650 0.693
Panel B: Neighbor VS Far
(O] ()] 3) “4)
Liquidity LongDebt Liquidity LongDebt
Neipre[-2, —1] —0.002 —0.000 —0.002 0.000
(=0.737) (=0.127) (=0.802) (0.015)
Neipost[0, 2] —0.005%* 0.003***
(-1.972) (3.402)
Neighbor 0.008*** —0.004** 0.011%*** —0.006%**
(4.733) (-5.494) (4.843) (—6.350)
Pre[-2, 1] 0.003 —0.001 0.002 —0.001
(0.657) (—0.649) (0.589) (=0.699)
Post[0, 2] —0.003 0.001
(-1.093) —0.845
Controls Yes Yes Yes Yes
Firm-season FE Yes Yes Yes Yes
Year-quarter FE Yes Yes Yes Yes
N 72908 72909 72908 72909
adj. R-sq 0.629 0.684 0.629 0.684

In this table, we focus on two quarters before to two quarters after the disaster. The dependent variables Y are Liquidity ratio and LongDebt ratio.
Disaster takes the value 1 for the firms that are less than 250 kilometers away from the landing city and 0 for firms in the near disaster zone (more than
250 kilometers and less than 500 kilometers away from the landing city). Neighbor takes the value 1 for firms in the near disaster zone and 0 for the
firms far from the disaster zone (more than 500 kilometers away from the landing city). Pre takes the value 1 for the two quarters before the disaster
quarter, and 0 otherwise. Post takes the value 1 for the disaster quarter and the two following quarters, and 0 otherwise. Dispre, Dispost, Neipre and
Neipost are the cross terms. The data spans the period 2003-2018. ¢-values are reported in parentheses. Note: *** significant at the 1% level, ** at the
5% level, * at the 10% level.
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Table A3. Abnormal returns: Five portfolios classified by other related factors.

Panel A: ROE
[0,1] [0, 10] [0, 30]
portfolio
MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat

QI (Low) 0.146 —0.142 —3.930%** —7.585***  0.112 —0.075 —4.337**%* —6.847***  0.038 0.002 0.189 0.604
Q2 0314 -0.069 —1.482 —4.718***  0.178 —0.067 —2.928*** —5063***  0.061 -0.021 -1.579 -1.920*
Q3 0.229 -0.107 —2.398** —4379%%* (0,157 —0.102 —4.405%%* —5726***  (0.094 —0.017 -1.166 -1.124
Q4 0.260 —0.085 —2.068** —3,988***  (.179 —0.111 —5.825%*%* —6451***  (0.065 —0.074 —5.502%*** —57]3%%*

Q5(High) 0.347 -0.059 —1.868 —3.955%%%  0.138 —0.173 —10.483*** —[1.275%** 0.009 —0.153 —13.747*** —13.072%**

Dif(Q1 - Q5) —0.200 —0.083 —1.731*  —2.801*** —0.026 0.098  4.111*** 3.640%** 0.030  0.155  9.676*** 9.887***

Panel B: /A

[0, 1] [0, 10] [0, 30]

portfolio
MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat

QI (Low) 0.259 —0.067 —2.473** —7305%¥**  0.150 —0.065 —5.228*** —7.640***  0.040 -0.020 —2.339** —2.113%*

Q2 0.206 —0.146 —5.313*** —10.092***  0.123 —0.105 —8.264*** —11.135*** 0.010 —0.060 —7.391*** —7.008***
Q3 0.295 —0.072 —2.852%** —7.065***  0.151 —0.078 —6.087*** —9.161***  0.023 —0.055 —6.474*** —6.939%***
Q4 0.266 —0.110 —4.135¥** —8275¥**  0.109 —0.123 -9.439*** —11.615*¥** 0.008 —0.068 —8.051*** —8.146%**

Q5(High) 0.210 —0.169 —5.751*** —9.626%**  0.076 —0.165 —11.811*** —13.935*** —0.015 —0.096 —10.288*** —10.006***

Dif(Q1 - Q5) 0.049 0.102  2.538** 2.854%%* 0.075 0.100  5.350%** 6.397%%* 0.056 0.075  5.896%** 6.050%**

Panel C: Momentum

[0,1] [0, 10] [0, 30]
portfolio
MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat MDR PAAR t-stat z-stat
QI (Low) 0.073 —0.140 —2.222** —4.,720%**  0.259 0.019 0.642 -0.754 0.103  0.110  5.447%%* 5.234% %%
Q2 0.010 -0.062 —0.791 —2.220%** 0.192  0.009 0.282 —-0.147 0.096 0.080  3.540%*** 3.786%***
Q3 0.325 0.041 0.526 —0.629 0.263 —0.037 —-1.161 —2.177%* 0.189  0.069 2.466%* 2.008**
Q4 0.105 —0.157 —1.992%*  —2.464** 0.163 —0.128 —3.302%*%*  —4241***  (0.030 —0.122 —4.463*** —4.546%**

Q5(High) 0.217 —0.213 —3.941*** —5133***  0.169 —0.277 —10.037*** —10.753*** —0.016 —0.271 —14.180%** —13.171%**

Dif(Q1 - Q5) —0.144 0.073 0.865 0.015 0.090 0.296  7.056%** T.TTTRRE 0.119 0381  13.176%**  12.9]13%**

This table presents the results on other related factors for the major typhoons, including ROE, investment, and momentum. MDR is the mean daily
percentage return of the event window. PAAR is the average abnormal percentage return of the portfolios. We rank the stocks based on corresponding
firm-level variables and split the samples into quintiles. This table reports three different event windows and the expected abnormal return is calculated
using a market model. 7-stat is the statistical significance based on the T'-test statistic. z-stat is the statistical significance based on the Wilcoxon signed-
rank test. Note: *** significant at the 1% level, ** at the 5% level, * at the 10% level.
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Table A4. Definition of variables.
Measure Description
Post A dummy variable equal to 1 for the disaster quarter and the two following quarters, 0 for the previous two quarters.
Disaster A dummy variable equal to 1 if a firm is in the disaster zone, and 0 if a firm is in the neighborhood.
Neighbor A dummy variable equal to 1 if a firm is in the neighborhood, and 0 if a firm is in the far area.
First A dummy variable equal to 1 when the firms are located in the disaster zone (neighborhood) for the first time; otherwise, 0.
Second A dummy variable equal to 1 when the firms are located in the disaster zone (neighborhood) for the second time; otherwise, 0.
More A dummy variable equal to 1 when the firms are located in the disaster zone (neighborhood) more than two times; otherwise, 0.
ROA The ratio of net profit to total assets.
ROE The ratio of net profit to total equity.
SalesGrowth Percentage annual change in division sales.
Tobin’s Q The ratio of market equity to total assets.
CashRatio The ratio of cash holdings defined as the value of cash and cash equivalent divided by the value of total assets.
Liquidity The ratio of book value of current debt to book value of total debt.
LongDebt The ratio of long-term borrowing to the book value of total assets.
RecTurn The ratio of operating income divided by the average of accounts receivable at the end and beginning of the period.
InvTurn The ratio of operating income divided by the average of inventory at the end and beginning of the period.
A.PTurn The ratio of operating income divided by the average of accounts payable at the end and beginning of the period.
Age The natural logarithm of the number of years the company has been listed.
Size The natural logarithm of total assets.
Lev The ratio of leverage defined as total debts divided by total assets.
NWC The ratio of net working capital defined as the net working capital divided by the value of total assets.
BM The ratio of a stock's book equity to the market equity.
PPE The ratio of book value of fixed assets to the book value of total assets.
INTANG The ratio of book value of intangible assets to the book value of total assets.
SOE A dummy variable equal to 1 if the type of ownership of the firms is state-owned; otherwise, 0.

The definition of varibles are shown in Table A4.
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