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Tropical Cyclone Impacts on Cities:
A Case of Hong Kong
Muhammad Sajjad* and Johnny C. L. Chan

Guy Carpenter Asia-Pacific Climate Impact Centre, School of Energy and Environment, City University of Hong Kong,
Hong Kong, China

The Pearl River Delta region in South China is known as a significant hotspot of
tropical cyclone (TC) risk, which calls for an in-depth evaluation of TC damages and
its determinants to support mitigation of associated impacts (e.g., loss of lives and
infrastructure, and economic damages). Hence, in the context of TCs and cities,
this study examines the historical impacts of TCs in Hong Kong and evaluates the
association between economic losses and different TC hazards/parameters (i.e., wind,
rainfall, and storm surge). An analysis of the reported TC-caused damages during
1988–2018 suggests a strong positive relationship between the normalized economic
damages (Damage/GDP) and TC rainfall (p < 0.001, R2 = 0.43). This relationship
for TC wind (explained by the power dissipation index—PDI) is positively statistically
significant (>90% confidence) but insignificant for TC-induced storm surge. These
results ascertain that among all three TC hazards, rainfall is the most significant factor
for economic losses in Hong Kong followed by the PDI. However, it is further found
that TC rainfall has significantly decreased (p < 0.01), while PDI has increased (93%
confidence) during 1988–2018. Hence, it is obvious that the increasing economic
losses in Hong Kong cannot be associated with TC rainfall intensification as it has
decreased while the damages are still increasing. The increasing PDI, population
rise over the past few decades and growing number of buildings in Hong Kong to
accommodate this population are likely the major reasons behind these increasing
damages. However, further in-depth evaluations are recommended in this regard to
improve our understanding regarding tropical cyclones and cities. This study further
calls for such evaluations in other coastal cities to identify the city-specific significant
determinants of TC-related damages in the context of supporting damage mitigation in
the future.

Keywords: economic damage, cities, typhoon impacts, risk reduction, coastal development

INTRODUCTION

Regardless of the debate on the increase in the frequency or intensity of natural hazards worldwide,
the damages caused by them have potentially increased in different regions of the world (Neumayer
and Barthel, 2011; Elsevier, 2017; Munich Re, 2017). Among these natural hazards, tropical
cyclones (TCs), because of their strong wind, heavy rainfall, and high storm surge, are one of the
most destructive hazards in terms of economic damages and impacts on socio-ecological systems
particularly in the coastal regions of the most active TC basins such as the Western North Pacific
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and North Atlantic (Weinkle et al., 2018; Pugatch, 2019; Lee
et al., 2020; Sajjad et al., 2020b). However, different regions (i.e.,
highly urbanized coastal cities, sub-urban areas, and rural areas)
are not equally sensitive to the three hazards of TCs (i.e., wind,
rainfall, and storm surge) due to specific environmental settings,
and the threats of these hazards are spatially dynamic (Boyd
et al., 2017; Hsiang et al., 2017). For example, in some coastal
areas, TC wind is a major concern than the storm surge and vice
versa. Therefore, understanding TC-related impacts along with
the relationship between the damages and TC-induced hazards
(i.e., wind, rainfall, and storm surge) is a critical concern in the
context of future risk reduction.

Coastal cities, especially those being the hubs of economic
activities and hence generally having a higher population density,
bear the brunt of these impacts. Given the climate change
influence on global TC activity, these impacts could multiply
rapidly in the future (Gettelman et al., 2018; Marsooli et al.,
2019; Lee et al., 2020; Liu and Chan, 2020). In order to manage
(mitigation and reduction) the worsening impacts of these
weather systems and increase future vigilance, it is essential
to assess area-specific higher spatial-resolution trends of TC-
related damages and to estimate the significance/sensitivity of
different TC-related hazards (i.e., wind, rainfall, and storm surge)
to damages. While the former is an operative way of assessing
the effectiveness of different efforts made to reduce the impacts
and, thus, has high policy relevance, the latter is helpful in
designing strategies and action plans for the future. Furthermore,
assessing the relationship between economic losses and different
TC-induced hazards can progressively identify the driving forces
behind the damages, making it easy for risk planners and
decision-makers to come up with appropriate counter measures.

Along the China coast, the Pearl River Delta region, situated
in the most active global TC-basin (i.e., the Western North
Pacific), has been found to be a hotspot of TC risk (Wen et al.,
2018; Sajjad and Chan, 2019; Sajjad et al., 2020a). This situation
necessitates the evaluation of TC-related damages, economic
losses, and its different determinants to articulate operational
strategies for future vigilance and TC-related cost reduction.
This need is particularly imperative for coastal cities due to
rapid urbanization-induced huge capital investments, population
growth, and infrastructure development. While many studies
have been dedicated to assess the TC activity along the China
coastline (e.g., Lin and Chan, 2015; Li et al., 2017; Liu and Chan,
2020), few, if any, have assessed trends in the economic losses
caused by TCs in urban regions and its relationship with different
TC-induced hazards (i.e., wind, rainfall, and storm surge).
Therefore, in this study, we analyze the TC-related impacts and
its relationship with the aforementioned TC hazards, if any,
using Hong Kong as a case study. For this purpose, TC-caused
impacts (i.e., vessels damaged/sunk and person missing/died)
and economic losses data are used and a standard least squares
regression model is proposed to identify the significant driving
factors of the damages in Hong Kong. While the results from
trend analysis will help to explore the state of impacts and
economic losses through time, the identification of the most
significant TC-induced hazard toward these impacts will be
particularly useful in TC risk reduction.

MATERIALS AND METHODS

The data for this study are compiled from websites of the
Hong Kong Observatory (HKO),1 the Census and Statistics
Department2 and the Buildings Department3 of the Hong Kong
Special Administrative Region of China, and the China
Meteorological Administration (CMA).4 The data on economic
damages caused by each individual TCs during 1988–2018 are
retrieved from the annual reports of specific years available at the
HKO website. Based on the information available for Hong Kong,
we complied three types of datasets to analyze the trends in TC-
related impacts, including the number of vessels damaged/sunk
due to TCs (1961–2018), number of people dead/went missing
(1961–2018), and total economic losses due to TCs (1988–
2018). To examine the long-term trends (upward or downward)
in these impacts in Hong Kong (i.e., vessels damaged/sunk,
people missing/dead, and economic losses), we estimate the linear
correlation of all three series of impacts with time, individually.

For TC-related damages, many researchers have found that
the significant increasing trends for actual losses from natural
hazards become insignificant after “normalization” (Neumayer
and Barthel, 2011; Barthel and Neumayer, 2012; Martinez, 2018;
Weinkle et al., 2018). This situation implies that recent larger
reported damages due to landfalling TCs might not only be
related to more intense TCs but also the increasing development
in coastal regions, which could have resulted in increased
exposure. There are typically several approaches adopted by
different researchers to normalize the economic losses (e.g.,
Pielke and Landsea, 1998; Pielke et al., 2003; Neumayer and
Barthel, 2011; Weinkle et al., 2018; Grinsted et al., 2019). In this
study, we follow Neumayer and Barthel (2011) and normalize
the damages by dividing the losses of each year with that year’s
gross domestic product (GDP). It is noted that as the GDP refers
to the monetary value of all the goods produced and services
provided, it is used as a proxy of wealth for a specific year, but not
as a full representation of the total wealth in a city. For instance,
rather than representing the total wealth of a city, GDP describes
the changes in socio-economic aspects resulting in higher or
lower market values for a specific year. This method is relatively
robust and does not necessitate a base-year as required in other
conventional approaches (Neumayer and Barthel, 2011).

To determine the relationship between normalized economic
damages (NDam.) and a TC hazard, we propose the regression
model as:

ln (NDam.i) = α + β ln (ϕ)+ µi (1)

where the dependent variable is the natural-log of the normalized
economic damage, and ϕ is the independent variable represented
by any TC parameter [i.e., wind (km/h), rainfall (mm), and storm
surge (m)] of TC i, and µi the random error. The purpose of
using the log-transformed variables is to convert the data to near-
normal distribution as it reduces the skewness of the distribution
from 5.6 to−0.5.

1www.hko.gov.hk/
2www.censtatd.gov.hk
3www.bd.gov.hk/
4http://www.cma.gov.cn/
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In order to determine the most significant hazard/parameter
for the economic damages, the above model can be modified to
account for all the TC hazards as:

ln (NDam.i) = α + β1 × ln (PDIi)+ β2 × ln
(
rainfalli

)
+ β3 × ln

(
storm surgei

)
+ µi (2)

where µi and i are the same as above. In Eq. 2, PDI is the power
dissipation index (unit: 105 knots3 in this study) estimated as the
cube of the maximum sustained wind. This index is introduced
by Emanuel (2005) to represent the wind-related destructiveness
of a landfalling TC, which characterizes the TC wind hazard, and
has been adopted by many researchers (e.g., Liu and Chan, 2017;
Sajjad et al., 2019). The PDI for TC i is calculated as:

PDIi =
t
∫
0
V3
maxdt (3)

where Vmax represents the maximum sustained wind
speed of TC i.

The wind observation at the HKO station is used to calculate
the PDI. The rainfall (mm) is the total rainfall during the passage
of a TC observed at the Airport station in Hong Kong. Storm
surge hazard is represented by the maximum storm surge in
meters (above astronomical tide) at the Quarry Bay station in
Hong Kong. Although it would be ideal to use the data of these
parameters from the same station, we were unable to find the data
for the same period for the study area. Using the only available
data at the same station would have reduced the number of
observations significantly, which could have compromised the
regression model. Therefore, for the sake of reliability, we use the
data from the available stations to have a longer time period series
of the observations and to best fit the regression model.

RESULTS

Tropical Cyclone-Related Impacts on
Hong Kong
The trends in three different types of impacts from TCs (i.e.,
damage to vessels, persons dead/missing due to TCs, and
total economic damages) are analyzed (Figure 1). While the
impacts of TCs on vessels have been fluctuating throughout the
time period (Figure 1A), the number of vessels sunk/damaged
due to TCs during 1960–2019 shows a statistically significant
increase (99% confidence, solid line in Figure 1A). On the
other hand, a significant decrease in the number of people
died/missing due to TCs over the past half century is observed
(99% confidence, Figure 1B).

The total economic damages due to TCs in Hong Kong
shows an overall increasing trend during 1988–2018, which is
statistically significant at p = 0.05 (Figure 1C). This increasing
trend is continuous, much obvious during the recent decade
(i.e., after 2005). The largest damages in Hong Kong to date are
caused by Super Typhoon Mangkut in 2018 (HK$ ∼910 million,

or close to US$ 120 million5) before normalization, which
remains the largest even after normalizing with the GDP for the
year 2018 (i.e., normalized value = 0.02). Based on these data,
Hong Kong has experienced approximately HK$ 30 million TC-
related economic losses each year on the average during 1988–
2018. The average annual losses before 2005 were approximately
HK$ 15 million and increased to approximately an average
of HK$ 48.2 million after 2005. This reflects a significant
increase in the TC-related economic losses in Hong Kong over
the past decades.

Normalized Damages and Its
Relationship With Different TC-Induced
Hazards
Although the actual observed damages caused by TCs in
Hong Kong show an overall upward trend during 1988–2018
(see Figure 1C), this trend becomes statistically insignificant
(p = 0.35) after normalizing the total damages by the GDP of
the corresponding year (Figure 2). However, even the trend is
insignificant, one cannot neglect the fact that the damages have
increased and been more frequent, particularly in the recent
decade (i.e., after 2005).

The Standard Least Squares regression (S-LSR) between NDam.
and the individual TC-induced hazards reveals a statistically
significant relationship (95% confidence, Table 1) between the
damages and all the parameters (i.e., PDI, rainfall, and storm
surge). The goodness-of-fit values (R-squared values) for these
individual models (0.22, 0.26, and 0.2 for wind, rainfall, and
storm surge, respectively) suggest that the relationship involving
rainfall is the strongest.

We further model the relationship between normalized
damages (NDam.) and TC-induced hazards using a multivariate
S-LSR model using the log-transformed NDam. as the dependent
variable. This multivariate model performs better than the
individual models (Table 2), with the goodness-of-fit for the
multivariate model being much higher (explaining 43% variance
in the data) than the individual models. The estimate value
(β-coefficient) for wind is the largest (3.29) followed by rainfall
(1.46) and storm surge (0.8), which indicates that TC-related
damages in Hong Kong are relatively more sensitive to wind.
However, the significance of rainfall is higher than wind (t-
value being the larger), which ascertains that rainfall parameter
of TCs is the most relevant in the case of Hong Kong when
it comes to economic damages, followed by PDI. Whereas,
TC storm surge has the least effect on TC-related economic
damages in Hong Kong.

TC Characteristics in Hong Kong
In view of the above, we analyze TC characteristics in Hong Kong
to investigate whether the increase in damages is due to change in
the frequency of TCs affecting Hong Kong and in associated wind
strength, rainfall amount, and/or storm surge height.

5Hereafter, all monetary data are in HK$. Readers can convert this to US$ using
the approximate exchange rate of 1 US$ = 7.75 HK$ as of June 2020.
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FIGURE 1 | Time series of TC-related impacts in Hong Kong. (A) number of vessels (sunk/damaged), (B) number of persons died/missing, and (C) actual observed
TC-related damages (millions HK$). The solid purple lines show the long-term trend (correlation between the series and time). The dotted black line is the 5-year
moving average.
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FIGURE 2 | Normalized time series of TC-related damages (NDam.) in Hong Kong. The solid purple line shows the long-term trend (correlation between the series
and time). The dotted black line is the 5-year moving average.

Frequency Analysis
On the average, approximately 16 TCs come within 600 km
radius of Hong Kong annually (the area of Hong Kong
jurisdiction described in the Tropical Cyclone Annual
Publications from the HKO) (Figure 3A). However, there

TABLE 1 | Individual Standard Least Squares regression (S-LSR) models to
explore the relationship between normalized damages (NDam.) caused by TCs in
Hong Kong and different TC parameters (i.e., PDI, rainfall, and storm surge).

Variables t-ratio Prob. > |t| R-squared

PDI (wind hazard)

Constant −5.74 <0.0001 0.22

PDI 3.99 0.0002

Rainfall hazard

Constant −9.23 <0.0001 0.26

Rainfall 4.34 <0.0001

Storm surge hazard

Constant −15.92 <0.0001 0.20

Storm surge 3.61 0.0007

TABLE 2 | Regression results based on multivariate S-LSR for TC-related
damages and different TC parameters (i.e., wind, rainfall, and storm surge).

Variable ln (NDam.i) = α + β1 × ln (PDIi)+ β2 × ln (rainfalli)

+β3 × ln
(
stormsurgei

)
t-Ratio Prob. > |t|

Constant −4.08 0.0002

PDI 1.96 0.0559

Rainfall (mm) 4.01 0.0002

Storm surge (m) 1.06 0.2962

Regression fit (R-Squared) 0.43

Sample size 56

is an overall statistically significant decreasing trend (p < 0.05)
during 1960–2018. Based on the Mann-Kendall monotonic trend
estimation, there is a decrease of ∼2 TCs (Test Z-value = -1.8,
significant at 90%) between 1961 and 2018. On the other hand,
around six TCs (averaged over 1960–2018) affect Hong Kong
each year (TCs which required the issuing of the Tropical
Cyclone Warning Signal from the HKO, Figure 3B). The time
series for the same period shows an overall decreasing trend
of TCs affecting Hong Kong although it is not statistically
significant (p = 0.23 > 0.05). A closer examination of the
TC frequency below-/above-average number of TCs during
1960–2018 suggests a multi-decadal variation (Figure 3C), with
relatively more above-average TCs (No. of TCs > 6) during
1960–1990 but more below-average TCs for most of the years
after 1990 (No. of TCs< 6).

Temporal Variation of TC-Related Wind, Rainfall, and
Storm Surge
Among all three TC-induced hazards, PDI and storm surge show
an increasing trend (Figures 4A,C). However, this increasing
trend is only significant for PDI (93% confidence), reflecting that
the TC affecting Hong Kong during 1988–2018 have become
more destructive in the context of TC-induced wind hazard.
On the contrary, rainfall has a statistically significant decreasing
trend (p = 0.039). The 5-year moving average for the rainfall also
shows a decadal behavior of TC-induced rainfall in Hong Kong,
which in recent years has experienced an increase. This recent
increase in the rainfall might be the potential reason behind
increasing TC-related damages, recently, as rainfall is the most
significant hazard to explain the damages (Tables 1, 2).

DISCUSSION

Reducing economic damages is a key indicator of progress
toward disaster risk reduction and the mitigation of hazards
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FIGURE 3 | (A) Total number of TCs within the jurisdiction of Hong Kong (600 km radius as described in the Tropical Cyclone Annual Publications: www.hko.gov.hk).
(B) Number of TCs affecting Hong Kong, and (C) number of TCs above or below overall average. The solid purple lines in (A,B) show the long-term trend (correlation
between the series and time) at a confidence interval of 95% (p = 0.05) and the dotted black lines are the 5-year moving averages. All the data are for the period
1960–2018.

Frontiers in Built Environment | www.frontiersin.org 6 September 2020 | Volume 6 | Article 575534

http://www.hko.gov.hk
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org/
https://www.frontiersin.org/journals/built-environment#articles


fbuil-06-575534 September 25, 2020 Time: 18:35 # 7

Sajjad and Chan Tropical Cyclone Impacts on Cities

FIGURE 4 | Time series of different TC-induced hazards (A) PDI, (B) rainfall, and (C) storm surge associated with TCs affecting Hong Kong. The solid purple lines
show the long-term trend (correlation between the series and time) at a confidence interval of 95% (p = 0.05) and the dotted black lines are the 5-year moving
averages.

impacts as described by the United Nations Sustainable
Development Goals framework (Clark and Wu, 2016; Prajal
et al., 2017; Peduzzi, 2019). In this context, an investigation

of trends in damages can help progressively to assess the
sustainable development. Considering the large and significant
contribution of landfalling TCs to disaster losses, our study
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not only provides the first assessment on the long-term
trends in TC-related impacts in Hong Kong but goes a
step-ahead to identify the relationship of these impacts
with different TC-induced hazards (i.e., wind, rainfall, and
storm surge). It is important to note that through there
is a significant increase in the TC-related non-normalized
damages (95% confidence), this trend becomes insignificant
after normalizing the damages with the corresponding years
GDP. This finding is in line with the existing literature
such as Neumayer and Barthel (2011).

It is notable that despite the decrease in TC frequency and
rainfall in Hong Kong (Figures 3, 4B) the economic damages
has increased (Figures 1C, 2). These increasing damages in
Hong Kong can be explained by the increase in PDI (Figure 4A)
to some extent. However, the significance of PDI is much
lower than TC rainfall (Table 2). Another likely reason for this
increasing damages could be an increase in the city’s population
and the number of buildings (Figure 5), which have grown
significantly (99% confidence) in recent decades resulting in
higher exposure to landfalling TCs.

The increasing number of damaged/sunk vessels (99%
confidence) are significantly related to PDI (t-Ratio = 3.53,
p = < 0.01, R-squared = 0.35) and storm surge (t-Ratio = 3.22,
p = < 0.01, R-squared = 0.31) based on the analysis of the
relationship individual TC-induced hazards and the impacts on
vessels. On the other hand, the multivariate S-LSR between
damaged/sunk vessels (dependent variable) and the TC hazards
(i.e., wind, rainfall, and storm surge) reveals that the impacts of
TCs on vessels are positively significantly related to PDI only (t-
Ratio = 2.86, p =< 0.01, R-squared = 0.55). However, one cannot
neglect that a potential reason behind this increasing trend of
impacts on vessels could be due to the increase in total number
of vessels in Hong Kong as the city is an economic hub with one
of the highest tourism activity in the world.

Similarly, a probable reason behind the continuous and recent
(after 2005) increasing TC-related damages (Figure 1C) could
be the growing annual TC frequency since 2008 and the annual
maximum landfalling intensity (MLI) since 2012 (Liu and Chan,
2020) in South China. This increase in MLI is related to rapid
intensification of TCs over South China Sea. Yet, it is still

FIGURE 5 | Time series of number of buildings in Hong Kong (A) and population (B).
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difficult to say for sure if the increase in TC-related damages
in Hong Kong is due to this phenomenon as the significant
TC hazard for economic losses in Hong Kong is found to be
rainfall (Table 2). TC rainfall is likely to intensify in a warmer
climate and with a possible reduction in the translational speed
of landfalling TCs, cities that are the most sensitive to rainfall
(i.e., Hong Kong) are expected to experience higher TC rainfalls,
and consequently a larger threat of flooding, particularly in the
most active TC basins and the most developed coastlines in the
world (Geert-Jan-Van et al., 2017; Kossin, 2018; Trenberth, 2018;
Lai et al., 2020).

As coastal development continues, cities should thus expect
to be at greater risks to landfalling TCs in the future under
the global environmental change. Implementation of robust, yet
sustainable, risk mitigation policies under an uncertain future
climate requires governments and societies to seek solutions to
be more resilient. The Chinese coastline is dominated by hard
engineered defenses (i.e., seawalls) since 1970, and Pearl River
Delta region is no exception. Liu et al. (2019) conducted an
analysis to evaluate the potential of hard engineered defenses
vs. nature-based solutions (i.e., coastal wetlands) to mitigate the
TC-related economic damages along Mainland China’s coast.
They concluded that while the hard defenses in China provide
3.18 million per km on average for TC-related protection,
coastal wetlands outweigh these hard defenses as they are
more cost-effective. Similarly, adopting natural solutions to risk
mitigation has been recognized as a progressive way-out globally
(Temmerman et al., 2013; Sajjad et al., 2018; Mabon, 2019).
Hence, adopting nature-based urban development or hybrid
approaches (integrated natural and engineered) in Hong Kong
should be explored and considered to cope with the increasing
damages from TCs rather engineering-based defenses.

Regardless of the influence of climate change on TC
frequencies and intensities in the future, the priority
of communities should remain focused on addressing
vulnerabilities and exposures to landfalling TCs. Thus, not
only TC-/hazard-characteristics but development-induced
societal changes in coastal regions particularly urbanization
and related phenomenon (i.e., increase in urban population
and building, economic activities, and businesses) needs to be
considered when modeling future impacts and designing action
plans, policies, and risk reduction strategies (Bakkensen and
Larson, 2014; Aerts et al., 2018; Sajjad et al., 2020b).

CONCLUSION

In recent years, estimations of economic losses and impacts from
landfalling TCs often focus on more intense and frequent TC
events while neglecting the influences of societal changes. These
societal changes (e.g., increasing socioeconomic development
and capital investments) in coastal cities typically result in an
increased exposure, and should be considered in evaluating the
TC-related impacts in addition to the identification of signals in
the changes in TC frequency, destructive potential, rainfall, and
storm surge. The present study provides observational evidence
on the trends in the historical damages and impacts caused by

tropical cyclones (TCs) in Hong Kong to support this approach.
Furthermore, a regression model is proposed to identify the
relationship between the observed historical economic damages
and different TC-induced hazards (i.e., wind, rainfall, and storm
surge), if any. This regression model also helps to identify
the most significant TC-induced hazard to explain economic
damages in Hong Kong, providing a progressive opportunity to
take appropriate actions.

The results show that while there is a significant increasing
trend in the actual observed economic damages in Hong Kong
during 1988–2018, this trend becomes insignificant after
normalizing the damages with GDP of the corresponding year.
Furthermore, among all three TC-induced hazards (i.e., wind,
rainfall, and storm surge), wind and rainfall are statistically
significantly (confidence 94 and 99.99%, respectively) related
to economic damages in Hong Kong. On the other hand, TC
rainfall has a significant decreasing trend (95% confidence).
This decreasing trend in the most significant TC hazard to
cause economic losses leads to the conclusion that rather than
the changing TC characteristics, societal changes might have
caused the recent increasing observed damages in Hong Kong,
which should not be overlooked. The observed increasing
economic losses might also be linked to an increase in the
PDI of landfalling TCs though the increasing trend in the
PDI is insignificant at p = 0.05. Similarly, though there is
a positive relation between the storm surge and economic
losses, this relationship is insignificant. To the best of our
knowledge, this study is the first of its kind to provide a
comprehensive assessment of TC-related damages in Hong Kong
and put forth a discussion regarding the need for a city-specific
identification of significant TC-induced hazard[s] to cause
damages. Such identification could help corrective decision-
making and designing appropriate measures more effectively
considering local situations, which is often overlooked by
the coarser national-scale studies. The approach adopted (i.e.,
regression model) in this study is equally important for other
cities in Mainland China and beyond.

The authors do acknowledge the presence of several
limitations in this study. Firstly, only 43% of the variance of
the total TC-related damages is explained by the TC-induced
hazards. A possible reason behind could be the larger variance
(9.9) of ln(Damage/GDP), which is a relatively large variance
for a variable that is log-transformed—as discussed in Liu et al.
(2019). Additionally, due to the constraint of data availability
regarding the TC-related historical damages, the sample size is
relatively small (n = 56). A larger sample size might provide
better result. Similarly, we use GDP to normalize the economic
damages in this study, which is a proxy of the actual economic
wealth of a city. Therefore, GDP might have understated the
actual wealth status of Hong Kong. However, as the purpose
here is to normalize the damages, GDP serves the purpose well
and has been used in various studies globally (Neumayer and
Barthel, 2011; Weinkle et al., 2018; Liu et al., 2019). Lastly,
for the sake of proposing the model and highlighting the need
of such studies, we only focus on Hong Kong in this study.
However, it is of great importance and will be an interesting
future research topic to conduct similar studies for other coastal
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cities to explore how different urban areas are more sensitive to
different TC-induced hazards.
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