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Abstract. Being bordered by the South China Sea and with
long coastline, the coastal zone of Guangdong Province is
often under severe risk of storm surges, as one of a few re-
gions in China which is seriously threatened by storm surges.
This article systematically analyzes the vulnerability factors
of storm surges in the coastal area of Guangdong (from
Yangjing to Shanwei). Five vulnerability assessment indi-
cators of hazard-bearing bodies are proposed, which are so-
cial economic index, land use index, eco-environmental in-
dex, coastal construction index, and disaster-bearing capabil-
ity index. Then storm surge vulnerability assessment index
system in the coastal area of Guangdong is established. Ad-
ditionally, the international general mode about coastal vul-
nerability assessment is improved, and the vulnerability evo-
lution model of storm surges in the coastal area of Guang-
dong is constructed. Using ArcGIS, the vulnerability zoning
map of storm surges in the study region is drawn. Results
show that there is the highest degree of storm surge vulnera-
bility in Zhuhai, Panyu, and Taishan; second in Zhongshan,
Dongguan, Huiyang, and Haifeng; third in Jiangmen, Shan-
wei, Yangjiang, and Yangdong; fourth in Baoan, Kaiping,
and Enping; and lowest in Guangzhou, Shunde, Shenzhen,
and Longgang. This study on the risk of storm surges in
these coastal cities can guide the land use of coastal cities in
the future, and provide scientific advice for the government
to prevent and mitigate the storm surge disasters. It has im-
portant theoretical and practical significance.
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1 Introduction

Storm surges are oscillations of the water level in a coastal
or inland water body in the period range of a few minutes
to a few days, resulting from forcing from the atmospheric
weather systems (i.e., it’s the difference between the ob-
served water level and the predicted astronomical tide). With
global warming and sea-level rising, storm surge disasters
have a trend of increasing in intensity and frequency. For
example, an extraordinarily serious storm surge triggered by
the earthquake and tsunami from the Indian Ocean hit In-
donesia in December 2004, causing more than 300 thou-
sand deaths and disappearances, which is the most serious
storm surge disaster in human history. In August 2005, hur-
ricane Katrina attacked New Orleans in America, leading
to a huge storm surge disaster that caused 1069 deaths and
more than 100 billion dollars of economic losses. Storm
surge is the most serious marine disaster in China, causing
heavy losses to human life and property every year (Feng,
1982). Available data show that the economic loss caused
by the storm surge disasters is much heavier than that caused
by any other marine disasters in China, and the loss from
the severe storm surge disasters is the highest (Yang et al.,
1994). In August 2006, typhoon “Saomei” landed in Cang-
nan county of Zhejiang Province, resulting in a serious storm
surge disaster that caused 326 deaths and 7.1 billion yuan
of economic losses. Lately, Japan’s most powerful earth-
quake since records began struck the north-east coast, trig-
gering a massive tsunami. The terrible disaster caused a huge
death toll of more than 12 000 and an enormous economic
loss of 10 billion dollars. The coastal area of Guangdong
Province is a region faced with the most serious storm surges
in China. During the past century a dozen particularly serious
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storm surge disasters occurred in Guangdong Province, caus-
ing enormous loss of human life and poverty. Since 1949
Guangdong Province has been attacked by tropical cyclones
5–6 times a year. The storm surge disasters mainly occur in
three regions: Shantou Area, the Pearl River Delta, and the
Leizhou Peninsula and Zhanjiang Area (Lu, 1984).

The study area in this paper plays an important role in
Guangdong Province and China. Many researchers have an-
alyzed the characteristics of severe storm surge disasters in
history and done loss assessment (Zhang et al., 2008; Zhao
et al., 2007). In particular, research on effect of sea-level ris-
ing is very prominent in China (Huang et al., 2001; Li et al.,
1993). In the past 20 yr these research efforts in many dif-
ferent disciplines have developed many valuable results gen-
erated from diversified aspects such as ecology, biology, and
oceanography, etc. However, so far few studies have focused
on vulnerability assessment of storm surge disasters. This
article attempts to establish a method to evaluate the vulner-
ability of storm surge disasters in Guangdong Province. It is
meaningful for the government to draw up the urban devel-
opment planning and the emergency response plan.

Vulnerability is broadly defined as “the potential for loss.”
However, there are numerous literature but not always cor-
responding definitions. So vulnerability remains one of the
most difficult aspects in quantity hazard research and often
heavily relies on indicators from available mass data such as
census. As such, current vulnerability assessments do not
take into account all of the possible pressures related to di-
minished capacity and decreased resilience (King and Mac
Gregor, 2000). Many influential writers have seen vulnera-
bility as one of the keys to understanding disaster because
it is correlated with the underprivileged, past losses, and sus-
ceptibility to future losses (Blaikie et al., 1994; Cutter 1996a,
1996b). In 1982, United Nations Disaster Relief Organiza-
tion proposed that vulnerability is the susceptibility to dam-
age or injury. Kasperson et al. (1995) proposed that vulnera-
bility is a product of three dimensions: exposure, resistance
(the ability to withstand impacts), and resilience (the abil-
ity to maintain basic structures and to recover from losses).
Heinz Center in 2002 proposed that vulnerability depends
on the sensitivity of the natural and social system, adaptabil-
ity, and the degree of exposure to disasters; and is seen as
the degree to which a system will respond to a given haz-
ard event and the degree to which adjustments can moder-
ate or offset potential damage. White and Hass (1975) con-
sidered that nations vulnerability to natural hazards in be-
ing increased by four factors. Branch et al. (1984) and Tay-
lor (1990) highlighted community resources, social organi-
zation, and indicators of individual as well as lifestyles, at-
titudes, and values as major factors to show resilience in the
face of danger. Kanbur and Squire (2001) took into account
both exposure to serious risk and defenselessness against de-
privation. Vale and Campanella (2005) proposed that vari-
ations and impediments in recovery time were the impor-
tant concepts in vulnerability. Drawing from the numerous

definitions mentioned above, it is clear that social inequities
along the lines of class, race, ethnicity, gender, age, and na-
tional origin are key elements in people’s vulnerability to en-
vironmental calamities.

2 Study area

The study area is in the middle part of coastal areas of
Guangdong Province, southeast of China (Fig. 1). It is lo-
cated at 21◦33′–23◦25′ N and 110◦42′–115◦37′ E, including
nine big cities–Guangzhou, Shenzhen, Dongguan, Zhong-
shan, Zhuhai, Foshan, Jiangmen, Huizhou, and Yangjiang.
With more than 2.9× 104 km2 and about 20 million of popu-
lation, most of which comes from other less developed areas
of China, this region whose gross domestic product amounts
to 68.4 % of the whole Province is well known for its econ-
omy growth and economy status in China. Hence, it is sig-
nificant and meaningful for the researchers to study the storm
surge disasters in the study area.

There are a lot of tributaries widely distributed in the study
area and its terrain is generally low. There are more than
7.7× 106 acres of arable lands, about one third of them are
1.0 m under the base surface of Pearl River. For example, the
elevation of Guangzhou in total is between 1.5–2.5 m, and
the whole city is completely protected by embankments and
croplands from the storm surge disasters. It is so easy to
be submerged by storm surges that the whole region has to
defend serious threat from storm surge disasters every year.
The government has done much work on the defense and it
is urgent for the region to establish an effective disaster pre-
vention system.

3 Assessment index system and methods

The vulnerability from storm surges occurs at least in three
different ways. First, there is the inundation of the land
by ocean water, pushed up by tangential wind stress at the
ocean surface by the wind field associated with the cyclone
(Murty, 1984). Second, strong winds from cyclones usu-
ally bring on tremendous damage to the coastal structures.
Third, heavy precipitation from cyclones can cause flooding
in rivers. In this study, only the first two physical effects are
considered. Based on the study of evaluation of submerged
scope by storm surges in study area, this article attempts to
establish a synthesized assessment index system of vulnera-
bility to storm surges.

3.1 Data processing

The evaluation object of vulnerability to storm surges is a
complex system, which includes many aspects such as econ-
omy, industry, agriculture, environment, ecology, and popu-
lation, etc. Data sources are very complicated, so it is nec-
essary to carry out reliability test on the historical data and
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Fig. 1. Study area ranged from Yangjiang to Shanwei in Guangdong Province.

status information to avoid the distortion of double counting.
In order to actually reflect the response of the hazard-bearing
bodies to storm surge disasters, the collected data must be
preprocessed.

The social and economic data are counted up by townships
as the smallest statistical units, except for a few regions in
which data of counties and districtsis are counted up. Finally,
we set counties and districts as the standard statistical unit.
The natural environment data is calculated by area, including
areas of land, beach, arable land, and aquaculture. Ports and
moisture embankments are counted by scale or length. The
evaluation units are not unified, so two methods are applied
to preprocess the data, that is, weighted average method and
principal component method.

3.2 Assessment index system

Many factors can affect the vulnerability to storm surges.
Some researchers put forward 7 factors, for example, pop-
ulation, architecture, land, industry, agriculture, lifeline, as-
sets, and so on. Considering the numerous species of hazard-
bearing bodies, it is difficult to constantly partition them,
and there has been no common knowledge of species of
hazard-bearing bodies until now (Yang et al., 2000). Some
researchers propose that the assessment indexes could be di-
vided into two parts: natural indexes and humanistic indexes.
Some other researchers put forward that it should be parti-
tioned into socioeconomic indexes and attributes of hazard-
suffering bodies. The socioeconomic indexes include popu-
lation, resources, environment, infrastructure, and assets, etc.
The attributes of hazard-bearing bodies involve types, quan-
tity, value, and loss ratios. There are many different vulner-
able factors for different hazard-bearing bodies. It is needed

to find out the principle factors of vulnerability which have
crucial impact on the vulnerability assessment.

The vulnerability of storm surges refers to the capacity to
be wounded, i.e., the degree to which a system is likely to
experience harm due to exposure to storm surges. For one
region, the vulnerability assessment indexes may be differ-
ent when it faces different disasters. But the indexes are es-
sentially the same, and just the selection standards are dif-
ferent. According to the features of storm surge disasters,
vulnerability assessment indexes are divided into five parts:
social economic index, land use index, eco-environmental in-
dex, coastal construction index, and disaster-bearing capabil-
ity index.

The social economic index is the most important, because
the concept of vulnerability is closely connected with hu-
mans and society. Without humans and society, vulnerability
assessment is meaningless. In the coastal area of Guang-
dong Province the social economic factors are threatened by
storm surge disasters immediately and it should be consid-
ered preferentially. The social economic index includes fac-
tors of population, industrial output value, agricultural out-
put value, buildings, roads, and so on. The land use index
is secondly important, because storm surge disasters usually
cause flooding and strong winds that submerge the land and
damage the plants. The vulnerability of land and plants is
an indispensable part, having great impact on the vulnerabil-
ity assessment of storm surges. Factors considered in land
use index are farming, forestry, aquaculture, and salt indus-
try. The eco-environmental index is thirdly important, be-
cause the environment and ecosystem are important in or-
der for humans to live and develop. When storm surges
occur, the environment and ecosystem in the coastal area
of Guangdong Province are seriously damaged, restricting
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Fig. 2. The vulnerability-to-storm-surges assessment result in the coastal counties and districts of Guangdong Province.

the sustainable development of Guangdong. So it is nec-
essary to consider the eco-environmental factors. The eco-
environmental index counts in factors of beaches, wetlands,
and mangroves. Besides the above three indexes, there are
two more special indexes for vulnerability assessment of
storm surges. The coastal construction index is mainly about
the construction and architecture near the coastline that are
threatened by huge waves. Storm surge is different from
other disasters, at it usually causes strong wind and huge
waves. So it is important to consider the impact of waves and
wind on the coastline. The coastal construction index consid-
ers factors of seawalls, harbors, wharfs, and coastal facilities.
The disaster-bearing capability index is mainly about the ca-
pability that the government and society bears to resist storm
surge disasters. It is opposite to the above four indexes. It
is an indispensible part for the vulnerability assessment of
storm surge disasters in Guangdong Province. The disaster-
bearing capability index takes factors of financial revenue,
investment of tide-prevention engineering, and labor popula-
tion into account.

The factors mentioned above can be subdivided into more
detailed elements. For example, the population factor can be
calculated by attributes of total number, density, educational
level, and age structure. The industrial output value factor
contains attributes of gross value and per-capita value. These
attributes of factors cover all aspects of vulnerability of storm
surge disasters in a coastal area. In summary, the vulnerabil-
ity assessment index system of storm surge disasters in the
coastal area of Guangdong Province is established (Table 1).

3.3 Assessment method

The hazard-bearing bodies of storm surges are mainly dis-
tributed in the coastal zone. It is very similar to the research
on vulnerability of coastal zone where hazard-bearing bodies

primarily distribute. Similar to the research on vulnerability
of coastal zone, the vulnerability assessment of storm surges
was usually confused with the fragility evaluation of coastal
zone by many researchers. There are a large number of
researchers in costal countries who have conducted studies
on fragility evaluation of coastal zone in depth. But there
are very few studies on vulnerability assessment of storm
surges. The two kinds of studies have a few similarities and
also many differences. First, their study areas are almost
the same, that is, the coastal zone. Second, the methods of
vulnerability assessment are similar. The biggest difference
is the disaster-causing factor. The study objects of coastal
vulnerability under global change are mainly about expo-
sure and fragility caused by sea-level rise, which involves
coastal erosion, saltwater intrusion, storm surge inundation,
loss of wetlands, etc. The research of storm surge vulnerabil-
ity focuses on the capacity to be wounded and the degree to
which a system is likely to experience harm due to exposure
to storm surges. Considering this situation, in order to clarify
the nature of vulnerability of storm surges, the study on vul-
nerability assessment index system of storm surges should be
strengthened.

As mentioned above, the vulnerability assessment indexes
are divided into five parts: social economic index, land use
index, eco-environmental index, coastal construction index,
and disaster-bearing capability index. So far, different mod-
els of vulnerability evaluation are proposed. The model of
Coastal Vulnerability Assessment proposed by Gornitz is
thought to be an appropriate method for most vulnerability
assessment of coastal disasters. The assessment method has
been perfected with years of development, tested in practical
applications many times and the results proven credible.
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Table 1. Vulnerability assessment index system of storm surge disasters.

Index Factor Element Introduction

Vulnerability assessment index system

Social economic
index

Population Total number the total numbers of population
in the evaluation units

Density the densities of population in
the evaluation units

Age structure the proportions of the
aged, young, and children

Educational level the proportion of population
of high school education
and above

Roads Density the ratio between road mileage
and land area

Road grade the constitute of road grades

Industrial and
agricultural
output value

Industrial output value the industrial output values in
the evaluation units

Agricultural output value the agricultural output values in
the evaluation units

Per-capita output value the ratio between output value
and population

Residential land Area the area of residential land in
the evaluation units

Ratio of urban residential land the proportion of land area for
urban residents

Land use index Farming land Area the area of farming land in the
evaluation units

Aquaculture Area the area of aquaculture land in
the evaluation units

Arable land Ratio of low-lying arable land the proportion of low-lying
arable land in the evaluation
units

Eco-environmental
index

Beaches and
wetlands

Area the area of beaches and
wetlands in the evaluation units

Ratio of beaches the proportion of beaches in the
evaluation units

mangroves Area the area of mangroves in the
evaluation units

Rivers Density the ratio between river length
and land area

Coastal
construction
index

Coastal
engineering

Harbors and wharfs the scale of harbors and wharfs
in the evaluation units

Tide-prevention engineering the ratio of tide-prevention
engineering in low grade (<20a
return period)

Coastal highways Ratio of highways the proportion of coastal
highways within 5 km in the
coastal zone

Coastal buildings Density the density of coastal buildings
in the evaluation units

Disaster-bearing
capability index

Seawalls Completion rate the rate of seawalls completed

Ratio of seawalls The ratio between seawalls
length and coastline length

Labor population Ratio of labor the proportion of labor
population in the evaluation
units

Financial revenue Gross income the gross financial revenue in
the evaluation units
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Table 2. The vulnerability indexes of storm surges in 19 coastal counties and districts of Guangdong Province.

Social economic Land use Eco-environmental Coastal construction Disaster-bearing Vulnerability
index index index index capability index index

Yangjiang 3.5 2.25 3.92 3.5 3.5 5.56
Yangdong 2.61 4.33 2.25 1.83 1 6.82
Enping 2.07 3.5 2.67 1.83 1.42 4.99
Kaiping 3.32 3.08 3.08 1.83 2.25 5.06
Taishan 3.86 5.17 3.92 4.75 3.08 11
Jiangmen 2.79 4.75 3.08 3.5 4.33 5.74
Zhuhai 3.5 4.33 5.58 4.75 4.75 9.2
Zhongshan 3.68 4.75 5.17 3.08 4.75 7.65
Guangzhou 4.75 3.08 1.42 2.67 5.58 3.15
Panyu 3.14 4.75 4.75 4.33 4.33 8.42
Dongguan 4.57 4.33 3.5 4.75 5.58 7.68
Shenzhen 4.57 1 3.08 5.17 5.58 3.61
Baoan 3.68 2.67 2.25 4.33 4.33 4.7
Longgang 3.68 1.83 2.67 2.67 3.5 3.7
Huiyang 2.79 5.17 2.67 3.5 2.25 7.74
Huidong 2.79 3.92 2.67 3.5 2.25 6.74
Shanwei 2.96 1.83 4.75 3.5 2.25 6.33
Shunde 3.86 3.08 2.67 1.83 3.92 3.85
Haifeng 2.79 3.92 4.75 3.08 2.67 7.74

Coastal Vulnerability Assessment Model (Gornitz, 1991):

CVI =

[
x1 ·x2...xn

n

] 1
2

(1)

In the formula, CVI is the index of coastal vulnerability; if
the CVI is bigger, the potential loss caused by coastal disas-
ters would be greater.X represents the different assessment
factors;n represents the number of assessment factors.

Comparing the different models of vulnerability evalua-
tion, the advantages and disadvantages of each model are
found out and the essence of vulnerability evaluation is
grasped. Then a conceptual model of comprehensive eval-
uation of storm surges vulnerability in the coastal area of
Guangdong is established:

V = f (A ·L ·E ·C) (2)

where V, A, L, E, Cand K is vulnerability index, social
economic index, land use index, eco-environmental index,
coastal construction index, and disaster-bearing capability
index, respectively.

Based on the conceptual model, the model of Coastal Vul-
nerability Assessment is improved to adapt the characteris-
tics of storm surges. Four indexes – social economic in-
dex, land use index, eco-environmental index and coastal
construction index – are used to reflect the basic features
of disaster-bearing bodies when they are faced with storm
surge disasters. The disaster-bearing capability index repre-
sents the ability that the disaster-bearing bodies have to resist

the damage of storm surges. So there is an inverse relation
between the two kinds of indexes. According to the relation-
ships between these indexes and combination with Coastal
Vulnerability Assessment Model, the model of vulnerability
of storm surges in the coastal area of Guangdong is estab-
lished:

V =

[
A ·L ·E ·C

K

] 1
2

(3)

where variables definition is the same as that in conceptual
model. As described in Table 1, each index includes a certain
number of factors which have several attributes. Calculations
of these evaluation indexes are based on the elements of each
assessment factor. According to correlation among these ele-
ments, the most relevant elements are selected. For the social
economic index, 7 elements are chosen: population density,
road density, road grade, industrial output value, agricultural
output value, per-capita output value, and ratio of urban resi-
dential land. The model is conducted to evaluate the value of
social economic index as follows:

A = f
1

7

7∑
i=1

αij

αij =
5·(xij −xmin)

xmax−xmin
+1(i = 1,2,...7;j = 1,2,...19) (4)

Aj is the social economic index;aij represents the scores
in each factor which is classified into five grades;xij is the
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value of each element;i is the number of elements; andj
is the number of evaluation units. With the same method,
the evaluation models of land use index, eco-environmental
index, coastal construction index, and disaster-bearing capa-
bility index are respectively conducted.

4 Assessment and conclusion

4.1 Vulnerability assessment

The coastal region of Guangdong Province is a region seri-
ously threatened by storm surges in China. To make the vul-
nerability assessment more reasonable, the study area (from
Yangjiang to Shanwei), which is the most dangerous part
of this region in history, is divided into 19 counties and
districts on the basis of administrative division of Guang-
dong Province. According to the data collected from bu-
reaus of statistics, the value of evaluation factors in each
statistical unit (county or district) is counted up. As de-
scribed in Sect. 3.3, the fundamental factors are gathered
and preprocessed in accordance with the requirements of vul-
nerability assessment. Applying the evaluation models es-
tablished above, the values of social economic index, land
use index, eco-environmental index, coastal construction in-
dex, and disaster-bearing capability index are calculated sep-
arately, and the results are shown in Table 2. Based on the
values of evaluation indexes, the vulnerability assessment
model of storm surges is used to calculate the vulnerability
of storm surges in the coastal area of Guangdong Province.
Results of vulnerability indexes are from 3.15 to 11. Because
of the highest values of land use index and coastal construc-
tion index, the city of Taishan is one of the most vulnerable
districts threatened by storm surge disasters in the coastal re-
gion of Guangdong Province. Due to the integral protection
engineering and the blocking function of Fanyu district, the
downtown area of Guangzhou is rated the least vulnerable.
Finally, we divide the values of vulnerability indexes into five
grades, which respectively represent the highest vulnerable
area, the higher vulnerable area, the intermediately vulnera-
ble area, the lower vulnerable area, and the lowest vulnerable
area.

Appling the spatial comparison function of GIS, the vul-
nerability assessment of storm surges in the coastal counties
and districts of Guangdong Province is mapped in Fig. 2. The
19 counties and districts in the study area are depicted by five
different shades of gray to represent their different vulnera-
bility levels. It shows that Zhuhai, Panyu, and Taishan are
classified into the first grade with the highest vulnerability
to storm surges in the whole study area; Zhongshan, Dong-
guan, Huiyang, and Haifeng are in the second grade which
has a relative high vulnerability to storm surges; Jiangmen,
Shanwei, Yangjiang, and Yangdong are in the third grade
which are intermediately vulnerable to storm surges; Baoan,
Kaiping, and Enping are in the fourth grade which has low

vulnerability to storm surges; Guangzhou, Shunde, Shen-
zhen, and Longgang are in the fifth grade with the lowest
vulnerability to storm surges.

In the study area, Guangzhou, Shenzhen, and Shunde are
well developed cities which have highly concentrated pop-
ulations and the most prosperous economies. According to
the assessment, they are the lowest vulnerable regions. Be-
ing compared with other districts, they have enough tide-
prevention engineering and perfect response measures to
emergencies. Due to abundant revenue and large numbers of
labor population, the three cities could effectively resist most
of storm surge disasters. Unless the tide-prevention engineer-
ing is broken or the communities are completely destroyed,
these cities are safe enough. So they are the lowest vulner-
able regions in the coastal area of Guangdong Province. On
the other hand, Zhuhai, Panyu, and Taishan are the most vul-
nerable regions. The major cause is that there are not enough
tide-prevention engineering in the three regions. The social
economic index, land use index, eco-environmental index,
and coastal construction index of the three cities are higher
than other districts. When storm surges attack the three re-
gions, they would be the most vulnerable to damage. The
vulnerabilities of the other districts are between that of the
two regions mentioned above.

5 Conclusion and discussion

In summary, the key area for the defense of storm surges
should be concentrated in the Pearl River estuary, especially
in its west region. The resisting measures could be classified
into two types: engineering and non-engineering measures.
The engineering measures mainly include tide-prevention
engineering, seawalls, ecological protection measures, and
so on. Government should invest more funds to strengthen
the construction of engineering to improve the defense sys-
tem to storm surges. A large number of mangroves, metase-
quoia, and aquatic such as wave dissipation plants should
be planted in the coastal zone outside the seawalls to con-
struct an ecological defense line. The non-engineering mea-
sures are more complicated and there are three main points.
First, the forecasting and early warning system of storm
surges should be carried out in the coastal area of Guang-
dong Province. Second, the government should establish an
emergency response system for storm surges to cope with
the complicated situation in effect. Third, the communities
should be organized to launch various activities or maneuvers
to raise their capacity for resisting storm surge disasters, and
the citizens should be trained to be familiar with the skills of
self-rescue in order to increase the survival possibility when
storm surges come up.

The vulnerability to storm surges not only depends on the
fragility of natural and socio-economic systems of coastal
zones for facing waveswinds and seawater, but is also closely
related to the level of protection that humans can carry
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out to resist disasters. It is important to reasonably se-
lect the vulnerability indexes. There are a large number of
crisscrossed rivers, intensive towns, and complicated micro-
geomorphology in the coastal zone of Guangdong Province.
It is not appropriate to choose vulnerability indexes only
from the socio-economic system. All characteristics of
coastal zone of Guangdong Province must be considered. For
example, the aquaculture factor is more common and signif-
icant in coastal zone of Guangdong than in Shandong; the
oilfield factor is much more important in Shandong than in
Guangdong. So the aquaculture factor must be considered
and the oilfield factor could be ignored in Guangdong. This
article has chosen the most important factors in Guangdong
Province to evaluate the vulnerability of storm surges. There
are still many aspects which need to be improved and con-
summated in the vulnerability assessment index system.
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