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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 flow2rock

slide, typhoon and dust storm) to build and compute the integrated intensity index of major natural haz2
ards (QC). Then through qualitative analysis and sem i2quantitative 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 isworked out. A t 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 natu2
ral hazards; Integrated risk assessment of natural disasters
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1　 Introduction

Since the opening2up and reform, China has been

undergoing a rap id urbanization p rocess with the rap id

econom ic development. The urbanization level in2
creased by 23. 7% during the past 26 years, from 18%

of 1978 to 41. 7% of 2004[ 1 ] . In the“U rban Develop2
ment Report of China”, it says that the Chinese urban2
ization level will reach about 75% at the end of the

2050 s. This means that there would be 10～12 m illion

rural population per year transferred to the cities in the

future[ 2 ] . Nowadays, the urban population and wealth

is highly centralized in the cities and the city develop2
ment depends more and more on the infrastructure sys2
tem s such as traffic, water, electricity system s and so

on, which makes the city risk of all kinds of hazards

more and more serious. Furthermore, most of the Chi2
nese cities are located in the high2frequency districts of

hazards, and 60% of the cities haven′t reached the na2
tional flood control standard

[ 3 ]
; Among the big cities of
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over 500 000 population, there are 54% lying in the

high earthquake intensity ( higher than Ⅶ) districts
[ 4 ]

.

So it’s necessary and urgent to do integrated urban risk

assessment of natural disasters, which is not only a

basic p rocedure of integrated urban disaster risk man2
agement but also a common requirement of city disaster

p revention 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 o
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F ig. 4　The ma jor urban na tura l d isa ster type - in ten sity of Ch ina

earthquake, debris flow2rock slide, typhoon and dust

storm ) as urban natural hazard types for risk research.

Because different hazards have different quantitative in2
dexes, and different indexes have different dimensions,

we have to use ratio classification method to divide haz2
ard intensity into gradeswithout dimension. In thisway

we can unify the dimension of every index, and then

design the digital map s. The foundation of integrated

intensity assessment of major urban natural disasters in

China is to work out the major natural hazards’ intensity

distribution map s.

The assessment p rocedure is as follows: the first

step is to do intensity ratio classification of the five haz2
ards; then considering the adm inistrative integrality of

counties and the characteristics of hazard2formative en2
vironment, especially the continuity of geomorphologic

unit and the evolvement of climate p rocess, we gain the

flood disaster intensity map (W ) , earthquake disaster

intensity map (D1) , debris flow2rock slide disaster in2
tensity map (D2) , typhoon disaster intensity map ( T)

and dust storm disaster intensity map ( S) respectively;

at last these five map s are overlaid together, and the

major urban natural disaster type2intensity map (L2Q )

( Fig. 4) in China is formed[ 9 ] .

4. 3 　 In tegra ted urban r isk a ssessm en t of ma jor

na tura l d isa sters in Ch ina

R isk assessment is a comp licated but important

scientific issue. It involves not only the natural charac2
teristics of hazards, but also the socio2econom ic p rop2
erties of vulnerability. The algorithm of the risk is[ 13 ] :

R isk (R) = Hazard (H) ×Vulnerability (V)

In the p ractical p rocess of analysis and app lica2
tion, integrated risk assessment of major natural disas2
ters is mainly to find out the relative risk level and the

models of risk assessment are qualitative and sem i2
quantitative. According to the above risk algorithm,

having gained the urban vulnerability index and the in2
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 hazard2affected bodies and the integrated haz2
ard intensity grades, which are both divided into five

grades in this paper. The matrix of risk level classifica2
tion are shown as follows ( Fig. 5).
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F ig. 5　C la ssif ica tion ma tr ix of urban r isk level of na tura l d isa sters in Ch ina

1. Very low risk level, 2. Low risk level, 3. Medium risk level, 4. H igh risk level, 5. Very high risk level

F ig. 6　The in tegra ted urban r isk a ssessm en t of Ch ina
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　　Based on sem i2quantitative risk level having been

calculated and the qualitative matrix of integrated dis2
aster risk, the integrated urban risk of natural disasters

is divided into five sections, namely very low risk sec2
tion (0～0. 05) , low risk section (0. 05～0. 79) , me2
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

disp lays a normal distribution. From the integrated ur2
ban risk assessment map ( Fig. 6) , it’s significant that

the natural disaster frequent influenced but econom ic

not well2developed areas, such as the west2east transi2
tional zone and the northwest area of Xinjiang p rov2
ince, are the relatively high2risk centralized regions,

some of the coastal areas also have scattered high2risk

section distribution.

5　Conclusion and D iscussion

On the basis of the urban natural disaster regional2
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“multip ly”algorithm to calculate

and assess the integrated urban risk level of natural

disasters, and the research results accord with the

p ractical situation of China well. Namely, the west2
east transitional zone, the southwest mountainous area

and p lateau area, the northwest area of Xinjiang p rov2
ince, some eastern river2along or lake2along districts

are the relatively high2risk centralized region; the east2
ern areas, especially the coastal areas of well2devel2
oped economy and a natural hazard intensity less than

the m iddle degree, are among the low2risk centralized

region.

Nevertheless, the integrated regional natural dis2
aster is not only consisted of multi hazards, but also

the disaster chains and group s caused by natural haz2
ards, which makes the integrated disaster risk assess2
ment more difficult. D isaster chains demonstrate a se2
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

chains and simultaneous chains
[ 14 ]

. The former kind

means that a certain kind of hazard causes a series of

disaster phenomena; the latter kind means that some

certain inducement cause multi2hazard occurrence in a

period and correspondingly brings about multi series of

disaster phenomena. A t p resent, the integrated disaster

chains’ risk assessment is only carried out through the

GIS overlay technique and the experts ’ emp irical

weight2marking to get the integrated natural hazard in2
tensity. So the difficulties that how to choose the inde2
xes and how to estimate the indirect losses of the disas2
ter chains are still there.

Regional disaster system is an important part of

earth surface system , and it is also a strong dissim ila2
ted system for human development. Its structure system

includes hazards, hazard2affected bodies, and hazard2
formative environment. Its function system consists

threat, risk and vulnerability. Further researches on

the structure and function of regional disaster system,

and disaster risk assessment are needed for the inte2
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 dis2
aster risk assessment is suggested to aim s at establis2
hing the concep tual and modeling methods of disasters

system , and with regard to the assessment results to do

gradation and regionalization works, which can p rovide

scientific information for integrated regional disaster

management. On the basis of integrated regional disas2
ter risk assessment, the construction of integrated re2
gional disaster reduction system should focus on vulner2
ability reduction and resilience construction, regional

public security p lanning and disaster reduction para2
digm s construction, which will be effective in imp ro2
ving integrated regional disaster reduction ability and

the realization of regional sustainable development.
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中国城市主要自然灾害风险评价研究

史培军 1, 2 ,杜　鹃 1, 2 ,冀萌新 1, 2 ,刘　婧 1, 2 ,王静爱 3

(1. 北京师范大学环境演变与自然灾害教育部重点实验室 ,北京 　100875;

2. 北京师范大学资源学院灾害与公共安全研究所 ,北京 　100875;

3. 北京师范大学地理学与遥感科学学院 ,北京 　100875)

摘 　要 :本文依据灾害系统理论和中国自然灾害数据库 ,构建了反映城市承灾体的综合城市化水平

(CL)指标 ,并在此基础上得到城市脆弱性水平指数。考虑对城市具有结构性破坏和易于造成交通

灾情的主要灾种 ,即水灾、地震、滑坡 —泥石流、台风、沙尘暴 ,构建了反映城市主要致灾因子的综合

自然灾害强度 (QC)指标 ,并得到城市综合自然灾害强度指数。据此 ,在定性分析的基础上 ,通过半

定量计算 ,将中国城市主要自然灾害风险划分为高风险、较高风险、中等风险、较低风险、低风险 5

个等级 ,编制了中国城市自然灾害风险评价图 ,并对灾害链的综合风险评价作了进一步的探讨。

关 　键 　词 :综合城市化水平 ;灾害脆弱性 ;综合自然灾害强度 ;综合自然灾害风险评价
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