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Quantitative analysis of typhoon hazard in the Yangtze River Delta region

CHEN Wenfang' > FANG Jian' > XU Wei'® SHI Peijun' > NIE Jianliang' ’

(1. State Key Laboratory of Earth Surface Processes and Resource Ecology Beijing Normal University Beijing 100875 China; 2. Key Laboratory of
Environmental Change and Natural Disaster of Ministry of Education Beijing Normal University Beijing 100875 China; 3. Academy of

Disaster Reduction and Emergency Management Ministry of Civil Affairs & Ministry of Education Beijing 100875 China)

Abstract: Typhoon disaster is one of the most major natural disasters influencing China. Being located in the west—
ern side of the northwest Pacific Ocean the Yangtze River Delta region in China is particularly vulnerable to ty—
phoon hazards. This study proposed a quantitative method to assess the typhoon hazard of specified typhoon prone
regions. With the best track data of northwestern Pacific typhoon ( 1949 —2010) published by China Meteorological
Administration ( CMA)  this paper first extracted the maximum wind speed data of the typhoons affecting 16 cities
in the Yangtze River Delta Region then analyzed the risk of the typhoon disaster in different cities with respect to
typhoon frequencies intensities and extreme maximum wind speeds and through comparison and analysis ob-
tained the spatial distribution of the risk of the typhoon disasters in the Yangtze River Delta Region. Results indica—
ted that typhoon influence frequencies and intensities both show a trend of decrease from southeast to northwest.

Integratedly considered typhoon frequency intensity and return period of extreme typhoon events the 16 cities can
be classified into three grades of hazard  “high-hazard” cities including Taizhou ( in Zhejing Province) Shaox-

ing Ningbo and Zhoushan = “moderate-hazard” cities including Hangzhou Shanghai Jiaxing Huzhou Wuxi
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and Suzhou and “low-hazard” cities including Nantong Changzhou Zhenjiang Nanjing Taizhou ( in Jiangsu
Province) and Yangzhou. Because hazard assessment is an important part in disaster risk assessment the results of
the research will provide a reference for typhoon risk assessment and typhoon disaster prevention and control plan—
ning of the Yangtze River Delta region.

Key words: typhoon disaster; hazard analysis extreme value theory the Yangtze River Delta region
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Fig. 1
Yangize River Delta Region (1949 —2010)
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Table 1  Frequency statistics of different typhoon intenstiy (m * s~') groups for each city
in the Yangize River Delta Region (1949 —2010)
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50 ~58 1 0 0 0 0 0 0 0 0 1 3 1 1 2 3 3
59 ~69 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 2
=70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2.3
GPD
R extRemes &
(1)
3 10 ~25 o u=26
o 4 20 ~25
o u=20 o
e 3L
20 & 0060060040 . *H
& IIMETREAREAY! *
14 \
15+ & 50
H
& B 100
W T T T T T
% 101 10 15 20 30 35
= BI{E
2
B 54 2
RE
0 X 04 ¥
£ | MMMMM¢+++++++~++++H’"HH
T T T T T T
10 20 30 40 50 1 L 20 24 =
u BIfE
3 4
Fig.3  Mean residual life plots of typhoon Fig.4 Parameter estimates against threshold for typhoon
maximum wind speeds in Shanghai Municipality maximum wind speeds of Shanghai Municipality
(2) GPD
20 GPD o =11.22( £2.44) £=-0.23( =0.15) .
(3)
5 o ;
95% ;
o GPD o
GPD X p=0.54 0.05 o
20m s o
15 GPD 2 o



. G 21
MR S
1.0
0.8
%H 0.6
% 04-
0.2 °
0'O_I T T T T T » - T T T T T
00 02 04 06 08 10 20 25 30 35 40 45
25 it
EYAKTE 2 R
80+ 0.08-
70
B 60 A0.06—
B
§ 50+ < 0.04
40 —
30- 0.02-
20_ T T T T T 000_ [ T T T T T T 1
0.1 1 10 100 1000 20 25 30 25 40 45 50 55
EILH/a
5 GPD
Fig.5 Diagnostic plots of GPD model for typhoon maximum winds of Shanghai Municipality
o N N N 70m s N N
50 ~70 m * s N N
. . 50mes”’ 33.05m s '(
10 20 50 100 500 a 95%
3 o 10 a 49. 65 m ° 571 i ~ ~
40 m-es™" N N N N 30mes™' 23.93mes ',
500 a 68.39 m* s . . 60 m*s”' .
N N N 50mes! 44.0 41.47 m-+s"! R N
40m=es ' N R N 4 10 a 100 a
2 GPD

Table 2 Fitting results of GPD model for typhoon maximum wind

speed of each city in the Yangtze River Delta Region

/

(mes") 7 7 ¢ ¢
20 11.22 2.44 -0.23 0.15
10 10.78 2.07 -0.35 0.12
15 9.40 2.07 -0.21 0.16
13 11.67 2.24 -0.36 0.13
17 12.10 2.64 -0.30 0.16
16 12.83 3.14 -0.41 0.19
19 5.43 1.83 -0.39 0.26
18 7.60 2.03 -0.33 0.19
15 7.71 1.97 -0.33 0.21
20 10. 60 2.63 -0.19 0.18
20 16. 66 2.83 -0.30 0.11
25 11.15 3.01 -0.26 0.17
17 11.62 2.52 -0.26 0.13
19 15.21 2.91 -0.28 0.13
25 14.62 2.78 -0.31 0.12
20 18.29 2.87 -0.33 0.10
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Fig. 6 Maximum possible typhoon wind speed(m *s™")

for each city in the Yangtze River Delta Region
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Table 3 The maximum likelihood estimates of typhoon maximum wind speeds of different return periods for each

city in YRD and their 95% confidence intervals m
/a
10 49.65 (45.65 55.37) 34.92 (29.31 40.27) 46.14 (43.11 51.99) 42.77 (38.85 48.
20 54.93 (50.22 62.94) 39.94 (132.47 49.31) 51.62 (47.96 59.87) 48.21 (43.40 57.
(95% 50 60.30 (54.86 72.78) 45.63 (36.0 64.34) 57.31 (52.99 70.62) 53.98 (48.21 70.
100 63.40 (57.54 79.96) 49.32 (38.30 70.71) 60.69 (55.97 78.82) 57.47 (51.12 79
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100 34.37 (32.92 47.19) 33.65 (32.14 45.11) 32.62 (29.55 45.85) 29.30 (27.55 39.
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