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Abstract

Natural catastrophes represent a significant financial burden for the (re)insurance in-
dustry, which can affect both the profitability and the financial stability of companies. 
This paper analyzes the impact of five significant natural events on the share prices of 
36 (re)insurance companies listed in the MSCI World Index. The analysis is conducted 
using the event study methodology and examines the extent to which insured losses from 
natural catastrophes lead to abnormal returns on share prices. The results show a signif-
icant short-term impact of catastrophes on share prices and confirm the tendency for 
investors to overreact.

Zusammenfassung

Naturkatastrophen stellen für die (Rück-)Versicherungsbranche eine erhebliche finan-
zielle Belastung dar, die sowohl die Rentabilität als auch die finanzielle Stabilität von Un-
ternehmen beeinträchtigen kann. Der vorliegende Beitrag widmet sich der Analyse der 
Auswirkungen von fünf bedeutenden Naturereignissen auf die Aktienkurse von 36 im 
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MSCI World Index gelisteten (Rück-)Versicherungsunternehmen. Die Analyse erfolgt 
unter Anwendung der Event Study-Methodik und untersucht, inwiefern versicherte 
Schäden aus Naturkatastrophen zu abnormalen Renditen der Aktienkurse führen. Die 
Ergebnisse verdeutlichen einen signifikanten kurzfristigen Einfluss der Katastrophen auf 
die Aktienkurse und bestätigen die Tendenz zu Überreaktionen der Investor:innen.

1.  Introduction

Due to the severe damages they cause all over the world, and especially because 
of the consequences, they have for the insurance and reinsurance industry natu-
ral disasters have become a global problem. Numerous studies were carried out 
on the prevention of natural catastrophe risk, risk management, and risk mini-
mization (e. g. Benson and Twigg 2004; Benson et al. 2007; Blau et al. 2008; Cam-
bridge Centre for Risk Studies, 2018; Von-Dahlen and Von-Peter 2012). Further, 
many studies were conducted to investigate the effect of natural catastrophes on 
the stock prices of insurance companies (e. g. Shelor et al. 1992; Takao et al. 2013, 
p. 449; Lamb 1995, p. 120; Born and Viscusi 2006; Chen et al. 2008).

Shelor, Anderson and Cross (1992) examined the Loma Prieta Earthquake on 
17.10.1989 and found positive abnormal returns on stock performance of insur-
ance companies during 10 days after the occurrence of the event its impact. Ai-
uppa and Krueger (1995) analyzed the 1994 Los Angeles Earthquake in terms of 
its effect on the stock prices of insurance companies. Contrary to the results in 
the Loma Prieta Earthquake on 17.10.1989, there were no positive stock prices 
reactions following the 1994 Los Angeles Earthquake (Aiuppa and Krueger 
1995). The influence of the Great East Japan Earthquake on 11.03.2011 on stock 
prices of nonlife insurance companies was thoroughly analyzed by Takao, 
Yoshizawa, Hsu and Yamasaki. During the study, it was found, that the earth-
quake did have a negative impact on the stock prices of local non-life insurers. 
Additionally, it was found that the companies with a higher level of capitaliza-
tion had higher stock prices (Takao et al. 2013, p. 449).

Lamb (1995) examined the Andrew Hurricane in August 1992 and its impact 
on the stock prices of property insurers, categorizing them into ‘exposed’ and 
‘not exposed’ insurers. He found that the hurricane had a significantly negative 
effect on stock prices of the exposed insurers, whereas there was no significant 
influence on stocks performance of unexposed insurers (Lamb 1995, p. 120). 
The subsequent studies in respect of major hurricanes and their influence on 
the firm value of an insurance company also show a negative reaction of stocks 
to those natural catastrophes.

The problem of the phenomenon ‘natural catastrophe’ lies in the fact that it 
has a low frequency but causes such severe losses which might endanger the fi-
nancial stability of insurers and reinsurers (Nguyen 2008, p. 189). So, it is in the 
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interests of a (re)insurance company to run a reliable and profitable business in 
order to attract and to increase the interest of investors, thereby increasing the 
equity of the company and its value.

The aim of this article is to investigate, whether three successive destructive 
hurricanes named Harvey, Irma and Maria (in the (re)insurance industry called 
HIM) have an impact on stock prices of the (re)insurance companies and if such 
events influence the investors’ behavior. The selected events were chosen be-
cause they were the costliest natural catastrophes in terms of economic and in-
sured losses in the past five years. After introduction the methodology section is 
presented, the third section brings results and the fourth conclusion. 

2.  Methodology

The analysis was conducted based on the event study methodology. The mar-
ket model is a statistical one-factor model, it represents a regression of the indi-
vidual company stock returns and the returns of the whole market (Event Study 
Tools 2018). Thus, it illustrates the dependence of an individual stock return on 
the market portfolio. In the course of the analysis of the stock prices the follow-
ing steps have been performed:
1.	 The calculation of log returns based on historical prices
2.	 The calculation of the expected returns based on the market model formula
3.	 The calculation of the abnormal returns (AR), average abnormal returns 

(AAR), cumulative abnormal returns (CAR) and cumulative average abnor-
mal returns (CAAR). The graphic illustration of AAR and CAAR results is 
provided for each event separately.

4.	 The definition of hypotheses and assumptions
a)	 H0: the natural catastrophe has no significant impact on the stock prices 

of the sample portfolio within the event window, meaning that the abnor-
mal returns are equal to zero.

b)	 H1: the natural catastrophe has a significant impact on stock prices of the 
sample portfolio within the event window period the event window 

5.	 To answer the second research question, if the investors anticipate the natu-
ral catastrophe and, therefore, overreact, the following assumption A1 was 
formulated:

	 A1: the investors anticipate the forthcoming natural disaster and thus over-
react prior to the event and after the event within the defined period 

6.	 Testing of the hypotheses by means of selected statistical significance tests
7.	 The interpretation of the results
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To avoid the repetitive description of the calculations necessary for the analy-
sis, the main formulas are given below and should be referred to in all the three 
events. In order to calculate the abnormal returns in the event window, the ex-
pected returns have to be calculated in the first step. The expected or normal 
returns show the behavior of stock prices on condition that the event has not 
taken place. For the expected return the daily returns in the defined estimation 
window are used. The expected returns shall be calculated as follows:

rit = ai + bi rMt ,
where rit is the stock return on a given day, rMt is the market return on a given 
day, and αi and bi are estimates from a regression of the stock return against the 
market index. The abnormal returns (AR) will then be defined as follows:

ARit = Rit − (αi + bi Rmt)
The average abnormal returns (AAR) are denoted as follows:

	 ,
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The following formula defines the cumulative average abnormal returns 
(CAAR):
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The technical part of the analysis (the calculation of AR, AAR, CAR, AAR 
and statistical significance tests) is performed by using the research web-appli-
cation of the website Event Study Tools (Event Study Tools 2018). The following 
statistical parametric and non-parametric tests were considered for testing the 
hypotheses for all five events:
–	 The parametric Patell Z-test
–	 The parametric Standardized Cross-Sectional Z-test
–	 The non-parametric Generalized Sign Z-Test
–	 The non-parametric Generalized Rank Z-Test

To examine the stock reactions of the (re)insurance companies to the events in 
question, the sample of 36 (re)insurance companies has been collected. The 
MSCI World Index has been chosen as a benchmark index, which represents 
large and mid-cap equity performance in 23 developed markets countries. The 
selected sample companies comprise mainly of global reinsurance companies, 
global insurance companies and also local insurance companies from the ex-
posed areas, which run property and casualty business and are supposedly ex-
posed to the events in question. 33 out of 36 companies are listed on the MSCI 
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World Index, the 3 companies which are not listed on this index were included 
in the sample due to their exposure to some of the events. The list of selected 
companies is provided in the Annex 1 to the article. One of the main criteria 
considered for the sample selection was the exposure of (re)insurance compa-
nies to the events in question. The information whether a company was affected 
by one of the selected natural catastrophes, as well as the amount of sustained 
losses, is to be found in the annual reports of the given (re)insurance companies 
for the respective year of the occurrence of the event. The financial dataset com-
prises of historical data of daily stock prices (adjusted close price) for the se-
lected (re)insurance companies and the MSCI World Index, which were selected 
from the financial portals Yahoo Finance and Reuters.

3.  Results

Hurricane Katrina

Hurricane Katrina belongs to the category of the costliest and most destruc-
tive hurricanes in the USA in terms of economic and insured losses. Hurricane 
Katrina was formed as tropical depression in the south-eastern Bahamas on 
24.08.2005. The intensity of the hurricane rapidly grew from the Category 3 into 
Category 5 after it entered the Gulf of Mexico on 27.08.2005. The intensity of 
storm decreased to Category 3 before making the landfall in southeast Louisiana 
and then on the Gulf Coast on 29.08.2005. According to the National Weather 
Service of the USA, Hurricane Katrina was considered one of the five deadliest 
hurricanes in the history of the USA (National Weather Service 2005).

For the analysis of the reaction of the stock prices in the period around Hur-
ricane Katrina, a sample of 32 of 36 selected (re)insurance companies has been 
analyzed. This sample does not include 4 companies, since the information on 
stock prices for the observed period is missing for these companies. For the data 
preparation for the analysis, according to the event study methodology, the fol-
lowing time periods have been defined:
–	 The estimation window of 120 trading days (01.03.2005–15.08.2005).
–	 The event day 29.08.2005 (day ‘0’).
–	 The event window of 11 trading days [–5; 0; +5] for observing the abnormal 

returns is defined, which is extended to 30 days [–5; 0; +23] to observe the 
cumulated abnormal returns.
In the Figure 1 below the results of the average abnormal returns are pre-

sented.
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Fig. 1: Average abnormal returns generated by Katrina within the period [–5; 0; +5]
Source: own diagram

As it can be seen from Figure 1, the average abnormal returns were generated 
5 days prior to the event, on the event day and 4 days after the event day. During 
the period [–3; 0; +4] (except days –2 and +1) the values for the average abnor-
mal returns become statistically significant (see Table 1). Table 1 provides the 
p-values (the probability values) for the statistical tests at all the significance lev-
els of 1 %, 5 % and 10 %. On day –3, the average abnormal return dropped to 
–0.37 % at the significance level of 1 %. On day –2, the values slightly rebounded 
up to –0.11 %, but none of the tests showed that it was significantly different 
from zero. On day –1 and 0, a negative response of stock prices of –0.48 % and 
–0.49 % respectively can be observed. According to Table 1, these values are sta-
tistically significant at the level 1 %, which gives enough evidence to reject the 
H0 hypothesis and to support the H1. It can be concluded, that the investors 
start reacting on the forthcoming natural catastrophe a few days prior to the 
event and on the event day.

On day +1 after the event, the average abnormal returns rebounded to –0.06 %, 
which was quite close to zero. However, statistical testing does not show the sta-
tistical significance on that day. 
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On day +2, a substantial decrease up to –0.98 % can be observed which is 
much lower than on day 0 (the event day). All statistical tests show that this 
value is statistically different from zero at 1 % significance level, which gives the 
evidence to believe that the values were not randomly generated and the H0 can 
be rejected. On day +3, the average abnormal returns slightly rebounded to 
–0.56 %, but still remained negative, which is statistically significant at 1 % level. 
On day +4, the average abnormal returns drop again up to –0.91 %, which is sta-
tistically significant at 1 % level, which gives an evidence to reject the H0 and to 
support the H1.

In order to test the assumption A1 whether the investors anticipate the forth-
coming hurricane, it is useful to observe the development of CAAR. The cumu-
lative abnormal returns show the cumulative effect of the impact of an event on 
the stock prices and demonstrate the behavior of investors within the time 
frame around the event.

Figure 2 shows the cumulative abnormal returns within the event window 
[–5; 0; +23]. It can be seen from the diagram starting from day –3 and until day 
+4 the cumulative aver- age abnormal returns drop essentially reaching the level 
of –4.24 %. This is a sign of a negative overreaction of the investors, which is 
consistent with the assumption A1. The uncertainty regarding the exposure of 
(re)insurance companies to the hurricane and its extent can also be the reason 
of investors’ overreaction. 

Fig. 2: The cumulative average abnormal returns generated by Katrina  
within the event window [–5; 0; +23]

Source: own diagram
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On day +10 CAAR start rebounding and reach –0.96 % on day +23, but still 
remain negative. The fact that the cumulative abnormal returns rebound can be 
a sign that investors realize, that the (re)insurance sector is has enough financial 
resources to cover the losses incurred as a result of Hurricane Katrina, thus 
bringing the feeling of certainty and trust in the invested companies. 

To summarize the above described observations, it can be concluded that 
stock process start reacting already a few days prior to the hurricane, which re-
sulted in the significant negative average abnormal returns in the period [–3; 0], 
which gives the evidence to reject the H0 and to support the H1. This can be 
also explained by the press releases regarding the forthcoming hurricane and 
the uncertainty of losses and consequences.

On the subsequent days after the hurricane, in the period [+2; +4] a stronger 
negative response of the abnormal returns can be observed. Statistical testing 
shows that the negative AAR during this period were significantly different 
from zero, which the sign that this negative effect was caused by Hurricane Ka-
trina, thus the H0 can be rejected. The negative stocks reaction could be caused 
by the first estimations of losses and the extent of destructions, since investors 
are concerned, whether the (re)insurance companies are able to cover those 
losses and how this can affect their financial stability.

Despite a significantly negative reaction of the sample portfolio in the period 
[–3; +4], certain sample companies showed positive abnormal returns This 
could be explained by the fact, that some of these companies could be less ex-
posed to the damages.

The above described observations show that Hurricane Katrina had an impact 
on stock reaction of the sample portfolio and generated negative average abnor-
mal returns within the period [–3; 0; +4] , which gives enough evidence to reject 
the H0 and to support the H1.

The Great East Japan Earthquake (Geje), Tōhoku

Two days before the main earthquake there was a 7.2 magnitude earthquake 
not far from the epicenter. The powerful 9.0 magnitude earthquake occurred on 
11.03.2011 in the region of Tōhoku, on Honshu Island in Japan, triggering tsu-
nami waves, which shortly reached the regions on the coastline. The waves in 
the affected areas (Iwate, Miygi, and Fukushima) varied between 5 and 15 me-
ters. This event is considered to be the largest humanitarian catastrophe, causing 
more than 13.390 killed people and 15.130 missing people went missing. The 
2011 Tōhoku magnitude 9.0 Earthquake and Tsunami was named the third 
highest ever recorded in the world (RMS, 2011, p. 2) (Norio, Ye, Kajitani, Shi, 
and Tatano, 2011, p. 34).
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The 2011 Tōhoku Earthquake and Tsunami caused a record economic loss in 
the amount of US$210 billion, of which approximately US$40 billion were cov-
ered by (re)insurance companies. This event is the largest catastrophe in the his-
tory in terms of insured losses and it caused an impact on financial results of the 
exposed (re)insurance companies, as well as affected the global and insurance 
equity indexes (Munich Re, 2012).

The selected sample comprises of 36 (re)insurance companies, including 
global (re)insurance companies, companies from the USA insurance markets 
and a few companies from Asian insurance market. The following time periods 
around the event were defined:
–	 The estimation window of 110 trading days (01.10.2010–03.03.2010)
–	 The event day 11.03.2011 (the day ‘0’)
–	 The event window of 12 trading days for observing the abnormal returns 

(04.03.2011–21.03.2011), which is extended to 30 days to observe the cumu-
lated effect of abnormal returns (04.03.2011–14.04.2011)
In order to investigate, whether the 2011 Tōhoku Earthquake generated an ef-

fect on stock returns, the average abnormal returns were calculated within the 
event window [–5; 0; +6]. The result of AAR is demonstrated in Figure 3. Table 2 
provides statistical significance of AAR during the event window [–5; 0; +6].

As it can be observed in Figure 3, two days prior to the main earthquake the 
stocks reacted positively resulting in AAR of +0.40 %, which is statistically sig-
nificant at 1 % level. It should be mentioned that a few days before the main 

Tōhoku EQ

Fig. 3: The average abnormal returns generated by the Tōhoku earthquake  
within the event window [–5; 0; +6]

Source: own diagram
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earthquake a magnitude 7.2 foreshock took place. It could be the case that it was 
expected that a subsequent earth- quake might occur. On the day prior to the 
event a slightly negative average abnormal return of –0.19 %, but this result not 
significantly different from zero. On the day of the event, the day 0, a consider-
able negative average abnormal return of –1.56 % was generated and this reac-
tion is statistically significant at 1 % level. This means that the probability that 
this outcome could happen by chance is very low (less than 1 %).

This observation gives a strong evidence to reject the H0 and to support the 
H1, meaning that the earthquake did have a negative significant effect on stock 
prices of the sample portfolio on the event day. This outcome is also comparable 
with findings in the research from Takao&Yoshizawa&Hsu&Yamasaki (2013).

On 11.03.2011 it was clear that this disaster would cause enormous losses and 
consequences on the long term and there was high uncertainty in the estimation 
of losses, given the fact that the triggered tsunami has led to the nuclear crisis.

However, the losses caused by nuclear energy are as a rule excluded from the 
(re)insurance coverage. On 11.03.2011, the global leading reinsurance company 
Munich Re released a statement, according to which the damages caused by nu-
clear plants would not be a subject of private insurance. In that press release, it 
was also mentioned that, only a small portion of Japanese personal insurance 
risks was transferred abroad. Munich Re also stated that it would contribute to 
the settlement of losses being a reliably partner in the business relations with the 
Japanese insurance market (Munich Re, 2011).

On the event day there were more statements issued by other (re)insurance 
companies announcing their preliminary exposure to the damages caused by 
the earthquake. The largest insurance company in Australia, QBE Insurance 
Group, issued a statement with the preliminary estimation of their exposure in 
the payment of losses in the amount of US$125.28 million, which was within 
their allowance of US$1.65 billion net of reinsurance (QBE Insurance Group, 
2011).

On the day after the event the average abnormal returns slightly rebounded, 
but still remained negative at the level of –0.77 %, which is not statistically sig-
nificant. Day +2 exhibits an essential increase of the abnormal up to +0.68 % 
and it is statistically significant, which gives the evidence that this outcome 
could be caused by the event, which supports the H1 and rejects H0. During the 
period [+3; +5] there was a decrease in AAR, but the values were not signifi-
cantly different from zero. On day +6 the average abnormal returns were also 
positive at the level of +0.64 % and this result is significant at 1 % level. This pos-
itive stock prices response can be associated with a reaction to the published in 
the media after the earthquake regarding the estimation of losses, as well as the 
more accurate assessment of the exposure of (re)insurance companies to this 
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event. This result is also consistent with findings in the study from Takao & 
Yoshizawa & Hsu & Yamasaki (2013).

An interesting observation can be made when considering the abnormal re-
turns of indi- vidual companies. On day –2, where AAR of the sample portfolio 
were significantly pos- itive, 14 companies out of 36 companies exhibited nega-
tive abnormal retunes. On the event day 0, where the average abnormal returns 
for the whole sample were significantly negative, 15 companies out of 36 had a 
positive reaction to the event. Two days after the event, on day +2, where AAR 
of the sample portfolio were significantly positive, 9 companies out of 36 had a 
negative response to the event. This finding means, that not all the sample com-
panies faced a similar response to the event due to different reasons; however, 
the average result for the whole sample is statistically significant.

Figure 4 provides the information on the cumulative effect of stocks’ reactions 
within the event window [–5; 0; +24]. It can be observed that on day –2, there 
was a favorable reaction and the cumulative average abnormal return reached its 
positive level of 0.81 %. This could be a sign of investors’ awareness about the 
earthquake two days before it. How- ever, as it was mentioned before, the earth-
quake is not easy to predict in advance, so there could be other also other rea-
sons for this response. On the event day 0 the cumulative abnormal returns be-
came negative and dropped down to –0.94 % and on the day after the earth-
quake, day +1, it reached its peak negative level of –1.71 %. On day +2 the 
cumulative abnormal returns have started rebounding and reached their posi-
tive level on day +15, and regained their value.

Fig. 4: The cumulative average abnormal returns generated by the  
Tōhoku earthquake within the event window [–5; 0; +24]

Source: own diagram
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In summary, the acquired findings show both positive and negative response 
of the stock prices of the sample portfolio around the event and it is statistically 
significant at 1 % level. Therefore, there is a significant evidence to reject the H0 
and to support the H1 assuming that the Tōhoku Earthquake had a significant 
impact of stock prices of the sample companies. The results on the cumulative 
average abnormal returns indicate a similar result, exhibiting positive cumula-
tive abnormal returns a few days prior to the event and a strong negative reac-
tion on the event day and after, regaining the value to the positive level on the 
day +15. These findings can support the assumption A1 that the investors antic-
ipate the event and overreact.

It is essential to mention, that the Japanese government, the non-life insur-
ance companies and Japan Earthquake Reinsurance were actively involved in 
recovering the insured losses after the earthquake in Tōhoku (Takao, Takuya, 
Shuofen, & Yamasaki, 2013, p. 450). Therefore, the extent of the exposure of for-
eign (re)insurance companies in this event was reduced by payments made by 
the Japanese government, the Japanese earthquake insurance and reinsurance 
scheme. It is assumed that a positive stock prices response a few days after the 
earthquake could be the result of investors’ awareness of the probable exposure 
of the (re)insurance companies they invested in. It can be also the case that, af-
ter such an earthquake, it is expected that the (re)insurance companies might 
increase the premium rates for the earthquake risk and thus offset the losses 
sustained as a result of Tōhoku earthquake, which will also have a positive effect 
on the financial results of (re)insurance companies. It can be also expected, that 
the demand of earthquake coverage will increase due to the awareness of people 
of the necessity to have the insurance coverage in case of such devastating ca-
tastrophe (Takao, Takuya, Shuofen, & Yamasaki, 2013). This could also result in 
the increase of premium volumes of the (re)insurance companies, which is pos-
itively considered by their investors.

Harvey, Irma and Maria sizably affected the USA and Caribbean Islands in 
the Atlantic hurricane season during the period August-October 2017. This trio 
of hurricanes is considered to be the costliest hurricanes in terms of economic 
and insured losses, which amounted to US$ 215 billion and US$92 billion re-
spectively. The (re)insurance industry has not experienced such extraordinary 
insured losses caused by a series of successive hurricanes before (MunichRe, 
2018). However, the significant part of losses was not insured, resulting in the 
protection gap of US$ 123 billion, meaning that more than a half of total losses 
will not affect the financial stability of the (re)insurance industry.

An essential part of losses was caused by flooding, which was triggered by 
hurricanes. In this context, it is to be noted that flood risk does not form part of 
a standard homeowners’ insurance policy and is covered by the National Flood 
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Insurance Program, which will reduce the burden of covering the insured losses 
by local and global (re)insurance companies.

Hurricanes Harvey and Irma had an impact on financial markets in different 
fields, including (re)insurance industry. The stock prices of several domestic in-
surance companies like Progressive, Allstate, Berkshire Hathaway, AIG, Travel-
ers and Chubb Limited dropped after the landfall of Hurricane Harvey (Low, 
2017). According to Financial Times the stock price of the reinsurance company 
Everest also experienced an essential de-cline, but then rebounded on 08.09.2017.

The trio of hurricanes HIM is considered as a cluster event due to the fact that 
they occurred shortly one after another. In the following sections the impact of 
each of the three hurricanes Harvey, Irma and Maria on the stock prices of the 
sample portfolio will be analyzed separately.

Hurricane Harvey

Harvey was formed as a tropical wave on the African coast on 13.08.2017 and 
on 17.08.2017 it grew into a tropical storm moving to the Caribbean Sea. On 
23.08.2017 the storm grew into Tropical Depression Harvey with the Category 1 
hurricane and then moved towards Texas with increasing intensity. On 
24.08.2017 Harvey was assigned the Category 4 hurricane by The National Hur-
ricane Center. Harvey made its landfall in southeast Texas on Friday 25.08.2017 
late in the evening as a Category 4 hurricane. The hurricane resulted in heavy 
rains and enormous flooding, damaging two flood-control reservoirs and sig-
nificantly raising the level of water in Houston area (National Weather Service, 
2017). Hurricane Harvey caused US$85 billion economic losses, among which 
US$30 billion was insured (MunichRe, 2018).

For the analysis of the effect of Hurricane Harvey on stock prices of (re)insur-
ance companies the sample portfolio compounded of 36 (re)insurance compa-
nies was used.

The time line was defined as follows:
–	 The estimation window of 135 trading days (08.02.2017–15.08.2017)
–	 The event day 25.08.2017 (the day ‘0’)
–	 The event window of 15 trading days for observing the abnormal returns 

(16.08.2017–05.09.2017), which is extended to 30 trading days to observe the 
cumulated effect of abnormal returns (16.08.2017–29.09.2017). It should be 
noted here, that this event window includes all the three hurricanes as they 
occurred very close to each.
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In the Figure 5 behavior of AAR generated by Hurricane Harvey within the 
period [–7; 0; +7] is presented, while in the Table 3 statistical testing of the ef-
fects on stock prices caused by Harvey is presented.

Fig. 5: Average abnormal returns generated by Harvey  
within the event window [–7; 0; +7]

Source: own diagram

Figure 5 shows the decline in the average abnormal returns on days –6, –4 and 
–2 to –0.41 %, –0.41 % and –0.21 % respectively and these results as is shown in 
the Table 3 are statically significant at 1 % level. 
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This outcome gives the evidence that those negative reactions could be caused 
by the hurricane, therefore the H0 can be rejected and the H1 can be supported. 
It should be also taken into consideration that during those days there were 
warnings about the forthcoming hurricane and its growing intensity. On day 0 
the average abnormal returns were negative at the level –0.11 %, but this value is 
not statistically significant. On day +1 there was a substantial decrease of AAR 
to –1.09 % and this value is statistically significant at 1 % level. The significant 
result on day +1 (and not on the day of the event 0) can be explained by the fact, 
that the landfall of the hurricane took place late in the evening on Friday 
25.08.2017, when the stock exchange was closed. Day +1 (28.08.2017) was the 
first trading day after the landfall of Harvey. Since the negative effect on that day 
is statistically significant, it gives enough evidence to consider that it was caused 
by hurricane Harvey, therefore the H0 can be rejected and the H1 can be sup-
ported. On day +2 the abnormal returns slightly rebounded, but still stayed neg-
ative at –0.88 % and this value is statistically significant at 1 % level. On these 
days the statements with the first estimations of large losses were announced, 
still there was a lot of uncertainty. This information could affect the decisions of 
investors. On day +3 positive AAR can be observed, but this result is not statis-
tically significant. On the subsequent days +4 and +5, AAR dropped again to 
–0.19 % and –0.63 % respectively, which is statistically significant at 5 % and at 
1 %. A strong negative average abnormal returns of –2.02 % at significance level 
1 % can be observed on day +7 (05.08.2017). However, this can be an effect of 
the following devastating Hurricane Irma, which made its landfall on 06.09.2017. 
This effect will be described in the section about Hurricane Irma. The length of 
the event window was restricted in order to avoid the overlapping of event days 
of the three hurricanes. In the Figure 2 the cumulative average abnormal returns 
within the period [–7; 0; +22] is illustrated. This information is helpful to see 
the cumulative impact of Hurricane Harvey on the stock prices of the sample 
portfolio. It can be observed that CAAR essentially declined and reached a neg-
ative value starting with day –4 and it kept gradually dropping until the event 
day 0 reaching the level of –1.36 %. This can be a sign that investors anticipated 
the hurricane, which supports the assumption A1. Starting with the trading day 
after the event (28.08.2017), CAAR significantly dropped to –2.45 %. CAAR 
kept falling until day +6 and constituted –4.22 %, which indicates that the over-
reaction of investors continued and this supports the assumption A1. On day 
+7, a strong negative reaction of –6,24 % can be observed and it kept essentially 
decreasing to –8.63 % on day +9. However, the observation during the days +7 
till the day +9 can be associated more with the effect, caused by the next coming 
major Hurricane Irma, which occurred on day +8 (landfall on 06.09.2017).
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Fig. 6: Cumulative average abnormal returns generated by Harvey  
within the event window [–7; 0; +22]

Source: own diagram

Figure 6 illustrates that the cumulative negative effect in stock prices lasted 
until the last day of the event window and still did not rebound to the positive 
level. However, it should be mentioned here, that the 22 days after the event in-
clude also the effects caused by the two subsequent major hurricanes occurred 
close to each other, namely hurricanes Irma and Maria. The impact of these two 
hurricanes will be analyzed in the following sections.

Summarizing the stocks effects generated around Hurricane Harvey during 
the event window [–7; 0; +7], it can be concluded that the negative stocks prices 
response a few days prior to the hurricane (days –6, –4 and –2) was not by 
chance due to the statistical significance at 1 % level. This gives the evidence to 
reject the H0 and to support the H1, assuming that this negative effect was 
caused by Hurricane Harvey. On the day of the event, the day 0, the average ab-
normal return stayed at the negative level of –0,11 %, which was not statistically 
significant. A possible reason for this result might be the uncertainty concerning 
where and when Hurricane Harvey was going to make its landfall, as well as 
which impact in terms of inflicted damages it could have. Therefore, a signifi-
cant stocks reaction on the event day is not seen on Friday 25.08.2017.

The results in the after-event periods [+1; +2] and [+4; +5] show a negative 
stocks’ reaction at the significance level 1 % (except day +4 at significance level 
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5 %). These findings give enough evidence to believe that this negative response 
was not generated randomly, but caused by Hurricane Harvey, which rejects the 
H0 and supports the H1.

An interesting observation can be made on day +1. Only 3 sample companies 
from 36 still had positive abnormal returns on that day, which means that the 
stocks of 91,6 % of the whole sample companies reacted negatively. This infor-
mation can be seen as a contribution to the H1, that Hurricane Harvey caused 
the negative stock prices response of (re)insurance companies on that day. These 
results are also consistent with the statements of financial and investments ana-
lysts made after the landfall of Hurricane Harvey. The investment bank Morgan 
Stanley issued a statement on 28.08.2017 published by a financial and business 
news website Business Insider, mentioning the impact of Hurricane Harvey on 
the stock prices of certain domestic insurance companies, which were exposed 
to the damages caused. According to Morgan Stanley, an essential share of losses 
will be borne by the ten largest domestic homeowner’s companies. The com-
pany Allstate and Travellers experienced a negative stock prices reaction on 
28.08.2017, dropping by 1.53 % and 2.63 % respectively. The stocks of Progres-
sive and Berkshire Hathaway also declined by 2.1 % and 0.77 % respectively. Ad-
ditionally, it was stated that the (re)insurance industry had sufficient capital to 
face the losses (Rapier, 2017).

On 28.08.2017, the first estimations of the insured losses were provided by 
Wall Street analysts and published by Reuters, according to which the property 
and casualty insurers will cover approximately US$20 billion and named Hurri-
cane Harvey the ‘costliest storm in history for U.S. insurers’ (Reuters, 2017). The 
announcement of such enormous losses could have influenced the reaction of 
investors, which resulted in negative effects.

Answering the question, if investors anticipated the hurricane and overre-
acted, it can be noted that 4 days prior to the event there was a negative reaction 
in the cumulative average abnormal returns and it remained negative till day 
0 approximately at the same level. Considering the warnings and permanent up-
dates on the news about the hurricane, it can be assumed that the investors were 
aware of the coming event. The negative response of the cumulative abnormal 
returns shows a slight overreaction. Starting from day +1 and lasting until day 
+6 after the event, an essential strengthening of the cumulative negative effect of 
–4.22 % can be observed.

These findings give reasons to believe that the investors overreacted prior to 
and a few days after the event and the stock prices did not regain their value, 
which gives reasons to support the assumption A1.
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Hurricane Irma

Hurricane Irma was the next major hurricane following Hurricane Harvey. 
Irma was formed as a tropical wave off the African coast on 27.08.2017 and then 
grew into a hurricane with strength category 2 and 3 on 01.09.2017. The hurri-
cane was assigned the highest category 5 in east-southeast of Barbuda Island on 
05.09.2017 and later on 06.09.2017 made its first landfall on Barbuda as a cate-
gory 5 hurricane at its highest intensity with a speed of 285km/h. On the same 
day, Irma made its next landfall in the British Virgin Islands. During three days, 
the hurricane maintained the highest intensity. On 09.09.2017, Irma made an-
other landfall in Cuba and then moved to south-west coast of Florida, where it 
made its last landfall as a Category 3 hurricane on Sunday 10.09.2017 at 
19:30UTC (NationalHurricaneCenter, 2018). As a result of the damages caused, 
one fourth of the population of Florida had to be evacuated.

Hurricane Irma caused US$67 billion economic losses, including US$32 bil-
lion insured losses. The protection gap constituted USD$35 billion. According 
to Munich Re, Irma was the most expensive natural catastrophe in terms of in-
sured losses in the year 2017 (MunichRe, 2018). The number and the compo-
nents of the sample portfolio remained the same as for Hurricane Harvey.

The following observation periods were considered for the analysis:
–	 The estimation window of 140 trading days (09.02.2017–23.08.2017).
–	 The event day 06.09.2017 (the day ‘0’), the day of the first landfall. The last 

major landfall took place on 10.09.2017, which will be also taken into consid-
eration in the analysis.

–	 The event window of 13 trading days for observing the abnormal returns 
(29.08.2017–14.09.2017), which is extended to 30 trading days to analyze the 
cumulated effect of abnormal returns during the period 29.08.2017–
09.10.2017. The later period includes the third destructive hurricane Maria, 
which made its landfall on 19.09.2017.
The hypotheses were tested based on statistical testing. As in previous events 

the Generalized Rank Z-Test was used as a reference test.
The average abnormal returns generated by Hurricane Irma in the event win-

dow [–6; 0; +6] are presented in the Figure 7.
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Fig. 7: Average abnormal returns generated by Irma  
within the event window [–6; 0; +6]

Source: own diagram

Figure 7 shows significant negative AAR of –0.88 % on day –6, which is asso-
ciated with the effect of previous Hurricane Harvey. On day –3 before the event 
a significantly negative AAR of –0.64 % can be observed, which can be associ-
ated with Hurricane Irma. This result gives the evidence that this effect was not 
caused randomly, but was the result of the reaction caused by the forthcoming 
landfall of Hurricane Irma, due to the information published on the hurricane 
gaining the intensity and becoming a Category 3 hurricane. However, it is not 
excluded, that this stocks’ decline could still be the result of the impact caused 
by Harvey due to more realistic estimation of the incurred damages and the ex-
posure of the (re)insurance industry to those damages. In both cases, due to the 
statistical significance on such a high level, it can be assumed, that it was the 
effect caused either by Harvey or by Irma. One day before the first landfall of 
Irma a strong negative reaction down to –2.01 % can be observed and is statisti-
cally significant at 1 % level. This evidence allows assuming that such a drop in 
stock prices could be caused by the coming Hurricane Irma and that it was an-
ticipated, hence the H0 can be rejected and the H1 is supported. Such a decline 
could be a sign of investors’ fears regarding the damages this Category 5 hurri-
cane could lead to. It has to be stated that on that day only one sample company 
had a positive abnormal return and the rest 35 were negative, so this was a 
strong impact almost on all sample companies. Detailed results of statistical 
testing of the effects on stock prices caused by Irma are shown in Table 4.
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On day 0, the day of Irma’s first landfall, AAR slightly rebounded to –0.58 %, 
but still remained negative at the significance level 5 %. The day after the event 
(day +1), AAR fell again to –1.80 % and this change is statistically significant at 
1 % level. It can be assumed that this drop in stock prices could be caused by this 
event, which is the evidence to reject the H0 and to support the H1. Such a neg-
ative response could be also caused by the expectations that a Category 5 hurri-
cane could cause enormous destructions also in its further landfalls it was going 
to make. Looking at the reactions of the individual sample companies, it can be 
observed that 33 companies had negative abnormal returns and 3 companies 
had a positive reaction, so this event negatively affected almost all the sample 
companies. 

A noteworthy stocks’ reaction can be observed on day +2 (on 08.09.2017) af-
ter the event, the average abnormal returns have sharply increased and reached 
the level of +1.25 % in comparison with the day before with –1.80 %. This in-
crease is statistically significant at 1 % level and is the evidence, that this reaction 
was caused by Hurricane Irma and thereby the H0 can be rejected. On that day, 
25 analyzed companies had a positive abnormal return and 11 companies had a 
decline in their stock prices. 

On Sunday 10.09.2017, Irma made its last and the most destructive landfall in 
Florida. This day was a non-trading day therefore the eventual effects can be 
seen on 11.09.2017, which is day +3 in the analysis. According to the obtained 
results, AAR continued increasing and reached the level of +1.5 % on that day. 
This result is statistically significant at 1 % level, meaning that this positive re-
sponse was still the effect of Hurricane Irma. Such a positive stocks’ reaction on 
days +2 and +3 could be associated with the reaction to statements made in 
press regarding the fact, that insurance industry was strong enough to cover the 
damages without having an impact on the capital, which means that (re)insur-
ance companies are financially strong and have enough earnings (Financial 
Times, 2017). Examining the stock reaction of the sample companies, it can be 
observed that 31 companies had a positive abnormal return and 5 of them were 
negative. Overall, this event had a positive effect on the stocks of majority sam-
ple companies on trading days +2 and +3. In order to analyze, if the investors 
anticipated the hurricane, the cumulative average abnormal returns during the 
period [–6; 0; +23] were calculated and they are illustrated in the Figure 8. 

Figure 8 shows that the average abnormal returns were already at the negative 
level of –2.20 % on day –6. As it was previously mentioned, this negative effect 
could be associated with the impact of previous Hurricane Harvey. Starting with 
day –3, the cumulative average abnormal return started falling essentially and 
reached the level of –5.11 % on day –1, when the average abnormal returns had 
the lowest level. This can be a sign that investors anticipated the forthcoming 
hurricane.
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Fig. 8: Cumulative average abnormal returns generated by Irma  
within the event window [–6; 0; +23]

Source: own diagram

On the event day 0 and the day after the event, CAAR kept falling down to 
–5.69 % and 7.49 % respectively. This strongly negative cumulative effect indi-
cates the overreaction of investors, which supports the assumption A1. During 
the period [+2; +4] CAAR rebounded from –6.24 % to –4.43 %, even consider-
ing the last most devastating landfall on 10.09.2017. However, it seems that the 
impact of Hurricane Irma was quite strong (also considering the effect of Hur-
ricane Harvey) and the stock prices did not get back to a positive level within 
the observed event window.

Summarizing the behavior of AAR of the sample portfolio around Hurricane 
Irma, it can be concluded that this event had a significant effect on each day 
during the period [–1;+4], resulting in both negative and positive stocks’ reac-
tions. The significant negative reaction can be observed during the period [–1; 
0;+1]. This result is also consistent with the statements made by the large Amer-
ican business and financial news Chanel CNBC on 05.09.2017, declaring that 
this day showed a very large decline in insurance stock prices (CNBC, 2017). 
During the period [+2; +4] there was a significantly positive effect of the stock 
prices, even prior and after the last the most destructive landfall of Irma in Flor-
ida on 10.09.2017. In that period, many statements were published in the media, 
which might have also influenced the behavior of investors. On 08.09.2017, CBS 
News stated that due to the fact, that flood coverage was not included in the 
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standard home- owners’ insurance policy, insurance companies would not be 
exposed to these kind of damages. It was also stated that according to the esti-
mations of the USB Group AG analysts, insurance companies were strong 
enough to cover the losses without the need to raise the capital (Mirhaydari, 
2017).

On 11.09.2017 (day +3), the American business and finance magazine For-
tune published a statement based on insurer’s view of hurricanes Harvey and 
Irma, in which it was declared that the damages caused by Irma in Florida might 
affect the financial result of insurance companies, but would not affect their 
capital and their ratings (Fortune, 2017). This information could be seen as fa-
vorable by investors.

On 13.09.2017 Munich Re made a statement that the losses caused by Harvey 
and Irma threat profit guidance for the year 2017. However, even experiencing 
such record losses, Munich Re has enough capital and resources to continue 
providing the reinsurance protection to the clients (MunichRe, 2017).

Analyzing the cumulative effect of AAR it can be concluded that there were 
signs of investors anticipating the event and overreacting right prior to and a 
few days after the event. The cumulative average abnormal returns did not re-
bound to the positive level during the observed event window.

Hurricane Maria

The next devastating subsequent hurricane was Maria, which was considered 
the third costliest hurricane in the history of the USA. Maria took its start as a 
tropical wave on the west coast of Africa on 12.09.2017 and then grew into a 
tropical storm on 16.09.2017. On 18.09.2017 Maria got a status of a Category 5 
hurricane, as it approached Dominica, where it made its landfall on 19.09.2017. 
Maria moved then towards Puerto Rico and made its landfall on 20.09.2017 as 
a Category 4 hurricane (National Hurricane Center, 2019, pp. 1–3).

As a consequence, Maria caused enormous damages to the Caribbean Islands, 
resulting in the destruction of the infrastructure and production plants of Puerto 
Rico. Maria was a relatively small, but a very intensive hurricane. The economic 
damages constituted approximately US$65 billion, including insured losses in 
the amount of US$30 billion (MunichRe, 2018, p. 2). As in previous events, the 
same data sample consisting of 36 (re)insurance companies was used for the 
analysis.

The following observation periods have been defined:
–	 The estimation window length is 140 trading days (21.02.2017–04.09.2017)
–	 The event day is 19.09.2017 (the day ‘0’)
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–	 The event window of 12 trading days for observing the abnormal returns 
(12.09.2017–27.09.2017) and 30 trading days for watching the cumulative ef-
fect of abnormal returns during the period 12.09.2017–23.10.2017.

Fig. 9: Average abnormal returns generated by Maria  
within the event window [–5; 0; +6]

Source: own diagram

Figure 5 shows a positive result of 0.34 % on day –5 and it is statistically sig-
nificant at 1 % level. However, it should be kept in mind that this positive effect 
could still be the result of the previous Hurricane Irma, which generated posi-
tive abnormal returns after the event day. Starting from day –4, the average ab-
normal returns fall and reach a negative result of –0.38 % on day –3, which is 
statically significant at 1 % level. This can be a sign that this outcome is associ-
ated with the coming Hurricane Maria and was not generated randomly. There-
fore, the H0 can be rejected and the H1 supported, although this negative de-
cline is not as strong as in case of hurricanes Harvey and Irma.

Further it can be observed that AAR rebound to –0.06 % by day –1 and fall to 
–0,16 % on the day 0, the day of Maria’s landfall. Detailed results of statistical 
testing of the average abnormal returns is given in Table 5.
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According to the results presented in the Table 3 the values during the days 
[–1; 0;+1] do not represent a strong statistical significance, therefore the H0 
cannot be rejected. It means that even if Maria caused AAR these days, the val-
ues are not convincing to conclude that it had a significant impact. When look-
ing at the reactions of stock prices of the individual sample companies, it is use-
ful to mention that 22 out of 36 companies had negative abnormal returns on 
the day of the event, but in average, the decline was not very strong. A few com-
panies lost, however, 1.8 % and this can be associated by the event. The media 
statements on the event day also provide the information about the fall in stock 
prices of several (re)insurance companies (a few of them are included in the 
sample) due to their exposure which was caused by Hurricane Maria. However, 
the average abnormal return for the whole sample portfolio does not seem to be 
significant. Few companies, whose stocks gained value on that day, can also in-
fluence this result.

Two days after the event day the average abnormal returns rebounded and 
reached a positive level of 0,38 % and it is statistically significant at 1 %. This 
provides an evidence to consider that this rebound in stock returns could be 
caused by Hurricane Maria.

During the days [+3; +5] AAR again fell and reached a negative level of 
–0.15 %, but this is not statistically significant, therefore, the H0 cannot be re-
jected. On day +6 AAR re- bounded to 0,39 % and it is statistically significant at 

Fig. 10: Cumulative average abnormal returns generated by Maria  
within the period [–5; 0; +24]

Source: own diagram.
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level 1 %. Figure 10 illustrates the cumulative average abnormal returns within 
the event window [–5; 0; +24]. 

As it can be seen from the Figure 6, Hurricane Maria did not have a strong 
cumulative effect on stock returns. On day –3 CAAR fell down to –0.03 % and 
then kept falling reaching the level of –0.4 % on the event day. The day after the 
event, it remained on the same level and on day +3 CAAR turned positive. On 
day +9 CAAR essentially increased up to +1.12 % and on day +24 it reached 
+2.36 %, so the stocks regained their value quite fast in comparison with the 
other two hurricanes. This result means that the investors did not demonstrate 
a significant overreaction around Hurricane Maria (although this hurricane 
caused enormous economic and insured losses), which does not provide enough 
information support the assumption A1. It is noteworthy to mention despite the 
fact that Hurricane Maria caused enormous economic and insured losses com-
parable with hurricanes Harvey and Irma, it had a different effect of stock prices.

To summarize the results on Hurricane Maria, it can be concluded that this 
natural catastrophe had a considerably less significant impact on the stock re-
turns of the sample portfolio. Three days before the event, there was a statisti-
cally significant decline in AAR. This result can be associated with the fact that 
investors were anticipating of Hurricane Maria, which supports the assumption 
A1. During the period [–2; 0; +1] there was no evidence to consider that Maria 
had an impact on stock returns and hence did not generate significant excess 
returns, which supports the H0 and rejects the H1. A positive significant reac-
tion is observed on day +2, where the average abnormal returns constituted 
0.38 % and this can be associated with the effect caused by Maria two days after 
its landfall, which supports the H1.

Such a considerably different effect of Maria on stock prices of the (re)insur-
ance companies in comparison with Harvey and Irma, could be explained by 
the fact that investors have already seen the consequences of the two previous 
hurricanes, but despite this fact, the (re)insurance companies were able to face 
such devastating losses and to fulfill their obligations resulting from the natural 
disasters without affecting their capital. This means that investors believe that 
the companies they have invested in have enough earnings and they are finan-
cially strong, thus they build sufficient technical reserves to cover losses arising 
out of such major natural disasters.

The results of the quantitative analysis show clear evidence that there was a 
short- term significant effect of the analyzed natural disasters on the selected 
sample portfolio, resulting in abnormal returns and overreaction of investors 
within the period around the events. The findings indicate both negative and 
positive impacts of those natural disasters on stocks returns shortly prior to the 
event day, on the event day and several days after the event.
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4.  Conclusion

Results of the analysis show that natural catastrophes have a short-term im-
pact on stocks prices of (re)insurance companies. Further results show that the 
impact resulted in both negative and positive excess returns during the short- 
term event window around the event. Results also show that investors antici-
pated the natural disasters and overreacted. However, the strength of the reac-
tion is not the same for all the analyzed events. The magnitude of the effect on 
stock prices is, however, different from one event to another. 

It should be noted that the (re)insurance industry is strictly regulated and ac-
cording to Solvency II or comparable regimes, the (re)insurance companies are 
required to build sufficient capital and technical reserves to be able to fulfill 
their contractual obligations. This implies also that the catastrophe risk and the 
related worst scenarios in case of a natural disaster should be included in the 
underwriting and pricing process using the NatCat modelling, as well as build-
ing the technical reserves.

Additionally, it should be mentioned the publicly traded (re)insurance com-
panies issue quarterly and annually reports on their activity and financial situa-
tion, including the information on their exposure to insured losses caused by 
natural catastrophes and them on the financial stability of the company. These 
reports are used by the investors to assess the financial health of a company and 
are contributing to the decision-making process. This means that not only the 
announcement of a natural disaster and its severe consequences can influence 
the investors’ behavior, especially in the long-term perspective.

For future work, it could be of interest to analyze and to compare the effect of 
natural disasters on stocks of reinsurance industry and insurance industry sep-
arately. Additionally, it would be interesting to investigate the effect on stocks of 
the individual companies, since the analysis in the present article showed the 
opposite reaction of stock prices of certain companies in comparison with the 
average values of the sample portfolio. This task might be more complex, since 
such analysis implies collecting and access more comprehensive information on 
each individual company, which is not always publicly available.
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