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Abstract According to disaster system theory and the natural disaster database of China this paper
builds the urban vulnerability index on the basis of the integrated urbanization level index CL  of hazard
— affected bodies and considering the structural damage and the influence on traffic of different natural
disasters this paper chooses five major disaster types including flood earthquake debris flow-rock
slide typhoon and dust storm to build and compute the integrated intensity index of major natural haz-
ards QC . Then through qualitative analysis and semi-quantitative calculation the integrated urban risk
of major natural disasters in china is divided into five grades namely very high high medium low and
very low grades and the corresponding assessment map is worked out. At last some further discussion is
done about the integrated risk assessment of natural disaster chains.

Key words Integrated urbanization level Vulnerability of natural disasters Integrated intensity of natu-

ral hazards Integrated risk assessment of natural disasters

CLC number X820.4 Document code A
. rural population per year transferred to the cities in the
Introduction ) :
future ~ . Nowadays the urban population and wealth
Since the opening-up and reform China has been is highly centralized in the cities and the city develop-
undergoing a rapid urbanization process with the rapid ment depends more and more on the infrastructure sys-
economic development. The urbanization level in- tems such as traffic water electricity systems and so

creased by 23.7% during the past 26 years from 18% on which makes the city risk of all kinds of hazards
of 1978 to 41.7% of 2004 ' . In thé" Urban Develop- more and more serious. Furthermore most of the Chi-
ment Report of China” it says that the Chinese urban- nese cities are located in the high-frequency districts of
ization level will reach about 75% at the end of the hazards and 60% of the cities haven't reached the na-
2050s. This means that there would be 10 ~ 12 million tional flood control standard > Among the big cities of
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over 500 000 population there are 54% lying in the
high earthquake intensity higher than VI districts * .
So it’ s necessary and urgent to do integrated urban risk
assessment of natural disasters which is not only a
basic procedure of integrated urban disaster risk man-
agement but also a common requirement of city disaster
prevention and sustainable development.

Natural disaster risk assessment is defined as the
estimate and assessment of the future possible hazard
intensity and losses through risk analysis method or
appearance observation method > namely considering
the hazard intensity and the vulnerability of hazard-af-
fected bodies to estimate the possible disaster losses
While the classification of natural disaster risk means
that the disaster risk is divided into different grades in
terms of the regional hazard characteristics and consid-
ering regional disaster resistance ability and socio-eco-
nomic condition. Lerner-Lam et al. ° have done multi-
hazard risk assessment research and accomplished the

world risk map of major disasters. Many Chinese schol-

ars have also done some useful research on natural dis-
Liu Xilin 7 dis-
cussed about the algorithm of* Risk = Hazard Vulnera-

aster risk assessment. For example

bility” in detail and assessed the rock slide risk of the
Liangshan county in Sichuan province of China Ding
Yan ®
hazard and assessed the typhoon risk of the 14 cities of

built a fuzzy risk assessment model of typhoon

Guangdong province of China. Then we can conclude
that most present risk assessment work is done to assess
a single disasters risk which is not the real integrated
natural disaster risk assessment. On the basis of the ur-
ban natural disaster regionalization of China °  this
paper aims at classifying integrated urban natural disas-
ter risk and dividing the high-risk areas to provide
scientific information and technical support for govern-
ment emergency management community security con-
struction and enterprise insurance which will be bene-

ficial for the urban disaster reduction and sustainable

development decision-making.

Table 1 Data sources of integrated urban natural disaster risk assessment in China

Database Name Data Type Source Period Range Information Characteristics
Series Maps of ) o
Database of Average County-based information includes hazard types
) ) Natural Hazards in Countrywide Except Taiwan ) o )
Natural Hazards in Attribute value of coverage area index relative intensity and
) China Scale Hong Kong and Macao ) )
China 1949-1990 integrated index of natural hazards etc.
1: 4000 000
Reports Database Chinese Provincial County-based information includes disaster
i Yearly value
of Natural Newspapers Countrywide description lasting time ending time intensity
of 1949-2000 .
Disasters in China Reports disaster effect and newspaper name etc.
Monthly Records of
Database of i ) ) ) o o )
) ) Disasters on Yearly value | Countrywide Except Taiwan County-based information includes event$ starting
Disaster Reduction ) ) ) o ) ) )
L Chi Disaster Reduction | of 1949-2000 Hong Kong and Macao time ending time type intensity and disaster effect
in China
in China
Some Provinces data is County-based information includes affected area
Database of ) ) lacked in Tianjin Liaoning by natural disasters disastrous area building
) Ministry of Civil o ) ) ) )
Natural Disaster Al 1998 Shanghai  Sichuan Shanxi collapsed  food production reduction livestock
airs
Effects in China Xizang Xinjiang Taiwan death direct economic loss relief finance relief
Hong Kong Macao resources etc.
Socioeconomic Chinese Provincial 2000 Countrywide Except Taiwan County-based information includes over
Database in China Statistic Annuals Hong Kong and Macao 20 indexes with complete data
Urban County-based information includes total
) ) Chinese Urban - ) ) ) )
Socioeconomic o 2000 663 Cities of China population non-agricultural population whole
) ) Statistic Annual ) )
Database in China area built-up region area etc.
L Related Information includes country boundary province
Administrative ) L 1993 L.
) Spacial Publications of ) boundary district boundary ~county boundary
Map Database in Countrywide
) data Sino Maps Press in provincial capitals cities main rivers
China 2000
China and lakes etc.
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2 Data Source

Data source and quality is one of the key points to
ensure the precision and objectivity of disaster pattern
analysis and disaster risk classification and also the
basic foundation of integrated urban natural disaster
risk assessment. The Data Sources of this paper con-
sists of five main parts including Series Maps of Natu-
1949-1990  Natural Disasters
Reports on Provincial newspapers in China 1949-
2000  Monthly Records of Disasters in Disaster Re-
1990-2000

nual at Provincial Level 2000

ral Hazards in China

duction in China Chinese Statistic An-
and Chinese Adminis-
trative Map for regional mapping analysis etc. Table 1
displays the data properties which contains database
name data type information source information peri-

od information range and information characteristics.

3 Principles and Technical Flow of In-
tegrated Urban Natural Disaster Risk

Assessment in China

Integrated urban natural disaster risk assessment
is based on the theory of regional natural disaster sys-
tem and accorded with the differentiation rules of re-
gional natural hazards. There are five main aspects to
be considered in the assessment process

1 Take the administrative counties as basic as-
sessment unit.

2 Design intensity index of urban integrated
natural hazard assessment considering the major haz-
ards that could cause structural damage to cities.

3 Take the urbanization degree that is derived
from the counties” comprehensive economic and social
level as the vulnerability degree index of integrated ur-
ban natural disaster.

4 According to the regional disaster system the-
ory take natural hazard intensity and vulnerability lev-
el into account synthetically.

5 Due to the uncertainty of Risk Degree clas-
sify risk into different degrees by relative risk ordering
method.

According to these principles and methods a

technical flow is designed for urban integrated natural

disaster risk division in China Fig. 1

[Urbanization Maps| : Natural Disaster Maps
_____/r"-l" Apriority [; llr‘:l saster 11{.‘,’

.

.\I;q} of Integrated Urban Natural Disaster
Risk Assessment

Fig.1 Technical flowchart of integrated urban natural

disaster risk assessment in China

4 Integrated Urban Natural Disaster

Risk Assessment in China

4.1 Urban Vulnerability Assessment to major
natural disasters in China

Vulnerability is a common socioeconomic phenom-

enon which determines the poor and the handicapped

11

is the major disasters victims " Integrated Urban

Natural Disaster Vulnerability is a state variable of dis-
aster system interaction process among hazards haz-
ard-affected bodies and hazard-formative environment.
It mainly depends on urban economic development de-
gree and community security construction level. Gener-
ally speaking a region with high urbanization level
may be likely to have a relative low vulnerability level
and high resilience. Therefore we use the index CL
Fig.2

assess integrated urban natural disaster vulnerability.

that reflects integrated urbanization level to

Based on the integrated urbanization level index

CL  the integrated urban Vulnerability index to nat-
ural disasters is calculated by the transform formula
e "’ and then the Vulnerability index map of inte-
Fig. 3 is

worked out. The urban vulnerability level of major nat-

grated urban natural disasters in China

ural disasters in china is divided into five grades
namely very high high medium low and very low
grades.
4.2 Integrated intensity assessment of major ur-
ban natural hazards in China
Considering the structural damage and the influ-
ence on traffic of different natural disasters this paper

chooses five major disaster types including flood
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Fig.3 The integrated urban natural disaster vulnerability assessment in China
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Legend
m Key areas of earthquake
General areas of carthquake
. . Key areas of landslide and debis flow
General areas of landslide and debis flow
E Key arcas of flood disaster
General arcas of flood disaster
BRZR Center of typhoon disaster
Z Key areas of typhoon disaster
[/ //A General arcas of typhoon disaster
m Center of sandstorm disaster
Key arcas of sandstorm disaster
L7 7A General areas of sandstorm disaster

Fig.4 The major urban natural disaster type — intensity of China

earthquake debris flow-rock slide typhoon and dust

storm as urban natural hazard types for risk research.
Because different hazards have different quantitative in-
dexes and different indexes have different dimensions

we have to use ratio classification method to divide haz-
ard intensity into grades without dimension. In this way
we can unify the dimension of every index and then
design the digital maps. The foundation of integrated
intensity assessment of major urban natural disasters in
China is to work out the major natural hazards”intensity
distribution maps.

The assessment procedure is as follows the first
step is to do intensity ratio classification of the five haz-
ards then considering the administrative integrality of
counties and the characteristics of hazard-formative en-
vironment especially the continuity of geomorphologic
unit and the evolvement of climate process we gain the
flood disaster intensity map W earthquake disaster
intensity map D1 debris flow-rock slide disaster in-
tensity map D2  typhoon disaster intensity map T
and dust storm disaster intensity map S respectively
at last these five maps are overlaid together and the

major urban natural disaster type-intensity map L-Q

Fig. 4 in China is formed ° .
4.3 Integrated urban risk assessment of major
natural disasters in China

Risk assessment is a complicated but important
scientific issue. It involves not only the natural charac-
teristics of hazards but also the socio-economic prop-
erties of vulnerability. The algorithm of the risk is "

Risk R = Hazard H x Vulnerability V

In the practical process of analysis and applica-
tion integrated risk assessment of major natural disas-
ters is mainly to find out the relative risk level and the
models of risk assessment are qualitative and semi-
quantitative. According to the above risk algorithm
having gained the urban vulnerability index and the in-
tegrated intensity index of major natural hazards it’s
feasible to calculate the risk level of every county unit.

Taking county as basic assessment unit the risk
level is classified with regard to both the vulnerability
grades of hazard-affected bodies and the integrated haz-
ard intensity grades which are both divided into five
grades in this paper. The matrix of risk level classifica-
Fig.5

tion are shown as follows
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Fig. 5 Classification matrix of urban risk level of natural disasters in China
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Integrated risk index of
natural disasters ol cities
B 2.05 to 5.056(233)

B 1.65 0 2.65(599)
007210 1L.OK716)

0 0.05 o 0.79(579)
ao 1o 0.05(232)

0 no human

kin

AT

! itk

Fig.6 The integrated urban risk assessment of China
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Based on semi-quantitative risk level having been
calculated and the qualitative matrix of integrated dis-
aster risk the integrated urban risk of natural disasters

is divided into five sections namely very low risk sec-

tion 0~0.05 low risk section 0.05~0.79  me-
dium risk section 0.79 ~1.65  high risk section
1.65 ~2.65 and very high risk section 2. 65 ~

5.05 . The involved counties numbers of each grade
displays a normal distribution. From the integrated ur-
ban risk assessment map Fig.6 it’ s significant that
the natural disaster frequent influenced but economic
not well-developed areas such as the west-east transi-
tional zone and the northwest area of Xinjiang prov-
ince are the relatively high-risk centralized regions

some of the coastal areas also have scattered high-risk

section distribution.

5 Conclusion and Discussion

On the basis of the urban natural disaster regional-
ization of China given the integrated natural hazards
intensity level and the integrated urban vulnerability
level which is transferred form the urbanization level
this paper uses the® multiply” algorithm to calculate
and assess the integrated urban risk level of natural
disasters and the research results accord with the
practical situation of China well. Namely the west-
east transitional zone the southwest mountainous area
and plateau area the northwest area of Xinjiang prov-
ince some eastern river-along or lake-along districts
are the relatively high-risk centralized region the east-
ern areas especially the coastal areas of well-devel-
oped economy and a natural hazard intensity less than
the middle degree are among the low-risk centralized
region.

Nevertheless the integrated regional natural dis-
aster is not only consisted of multi hazards but also
the disaster chains and groups caused by natural haz-
ards which makes the integrated disaster risk assess-
ment more difficult. Disaster chains demonstrate a se-
ries of disaster phenomena caused by a certain kind of
hazard or the change of ecological environments which
can be classified into two kinds of series disaster
The former kind

means that a certain kind of hazard causes a series of

. . . 1
chains and simultaneous chains

disaster phenomena the latter kind means that some
certain inducement cause multi-hazard occurrence in a
period and correspondingly brings about multi series of
disaster phenomena. At present the integrated disaster
chains’risk assessment is only carried out through the

-

GIS overlay technique and the experts ~ empirical
weight-marking to get the integrated natural hazard in-
tensity. So the difficulties that how to choose the inde-
xes and how to estimate the indirect losses of the disas-
ter chains are still there.

Regional disaster system is an important part of
earth surface system and it is also a strong dissimila-
ted system for human development. Its structure system

hazard-affected bodies and hazard-

formative environment. Its function system consists

includes hazards
threat risk and vulnerability. Further researches on
the structure and function of regional disaster system

and disaster risk assessment are needed for the inte-
grated regional disaster risk management. Namely it’s
important to assess the possible risk of disaster system
but not just risk of hazards. So integrated regional dis-
aster risk assessment is suggested to aims at establis-
hing the conceptual and modeling methods of disasters
system and with regard to the assessment results to do
gradation and regionalization works which can provide
scientific information for integrated regional disaster
management. On the basis of integrated regional disas-
ter risk assessment the construction of integrated re-
gional disaster reduction system should focus on vulner-
ability reduction and resilience construction regional
public security planning and disaster reduction para-
digms construction which will be effective in impro-

ving integrated regional disaster reduction ability and

the realization of regional sustainable development.
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