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Fig. 1 Loss rates of building structure
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Fig. 2 Loss rates of the indoor properties
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Table I  Vulnerability index of building in Shanghai central urban area

W,

SO (mm/h) - - ; - -
FIT i e Wil i K LB] e B

81 AL 0.05 0.19 0.20 0.19 0.12 0.09 0.09 0.04 0.02
e i 0.37 0.83 1.04 3.00 0.01 0.12 0 0 0.63

90 FRIRLER 0.05 0.19 0.20 0.19 0.12 0.09 0.09 0.04 0.02
EN) i 0.35 1.65 1.89 0.87 0.01 0.23 0 0 1.00

101 AL 0.01 0.05 0.06 0.75 0.03 0.03 0.03 0.01 0.04
e i 0.25 1.21 1.53 4.13 0.01 0.87 0 0 2.00

130 AL 0.03 0.58 0.69 1.27 0.09 0.20 0.11 0.03 0.01
EN) s 0.15 2.87 3.41 9.58 0.29 4.15 0.37 0.11 0.07

144 FRILE 0.04 0.35 0.37 1.63 0.17 0.23 0.14 0.04 0.02
EWI= 0.33 3.82 4.46 13.19 0.64 443 0.76 0.22 0.13

2, Auw) A7 DX AL TG 59 1 ) A %) AR
oy L AR 5 T 5 DX A T [ A5 G 559 1 2] 7 S AR s
o H T AR AR, X B m=7, n=9; B, ifs 59 P S5
i A, g9 2 T I LIV VL VIL VI
B34 1,2,3,4,5,6,7. £ETHHE AW, 51N
F:

Ai(w))= p @) (10)

ZP ,(uj)

I p.(w) A7 XA IS TR A & 9 RS 300 o T AR
S Ess MR Bt 52 30(9~10), 78 GIS #1453
o3 ) T ST S DR SRS F G 59 PE AR RS =
PMESS IR GR Do BARE, EHES TE R P
DI 22 S S 5 PR R AR M 59 VAR Bt S 2R
TURERE T X AT EUX 0 A BUR 328 O i IRAE 5%
R PAL 85 9T FH MG 55 R A v 1 L D, A S BE AR
1L @ HHUAE 5 T U7 KCH P e 59 PR AL T 25
FEFE B, AT VT VTRl b ) ZEHUER N A W7
G e 59 PR B AR A X,y ¥ e b

3 ZiigHiTie

1) A SO ST I A0 5t 5, il S R A A
R R 8 B FRY R AR 585 1 o 2, R I SHIAUE 5T A
R NEBUE H-55 5 7 P g TGS b L
DS IR0 P 57 MG 59 R RS AR JEAT T SEUEAIT I, 45 R
7R+ ERE T RO I DCAS [R5 S5 R s SR 55 1
P 22 57 0.3, B PRI B (M 18 K, 45 M 55 =

PV 7 52 450 R SR SRR S R SR BT K &
JE 5 TH AT 5 % O A 5 v A M 53 T A SRR
B AR b il I B AR X SR G 99 1 R T
RO, KT VL i) b ARG 95 R AL T AP A
KV P i B B DA R 55 R B AT
BAK .

2) 58 PERIE T KU PP A 1 9% B, 1R Al i
LI B K SE AL S AR HE 4 2R . A
HORERH R 57 ER R 52, AP A
1 2 AN E DR 3%, FEARORIK AR rh, W T e dnl 1 7
BEE -BHIEN PRI 22 7 - 23 AR S5 A fi AH DG 3 36
[Fl 2 5 98 RS A S A S L RS
S B R E 55 PERIE ST, AT DA 3T P A X
B LR AL IR S (¥ B BE R AR AT ) IR TR

e Z BN

[1] Michel-Kerjan E,Kunreuther H. Redesigning flood insurance[J].
Science,2011,333(6041):408-409.

[2] WHARERE AR, AR AR TR SR O TV B X
2020 £F 5 WY Py 37 RS VA [T 3B B RL,2012,32(7):846~852.

[3] Wbyt AR BAR ST AR G R A UG T
li——LL T AT X o Ak L 2 e b X A A [0]. B AR 2,
2012,32(3):348~355.

[4] Zeng N,Ding Y,Pan J,et al.Climate change-the Chinese chal-
lenge[J].Science,2008,319(5864):730-731.

[5] JBt AT I, T ORMNE, A5 BT S L B XUX R M A
FUFIE[J]. R 2%,2013,33(1):110~115.

[6] B 25,77 oy ik, T S, A5 X8 Mk K 2 R I A M 59 1 3 A
—— LA B [)]. M R 2,2012,32(9):1155~1160.



1134 B+

A5 SOOI _E I O3l DR SRR R P9 S I 98 0 A 1403

[7] RN MR B ZE AR 20 AR I M X X O e
S5V (] L EE R 22,2011,31(9): 1111~1117.

[8] Alexander D.Confronting catastrophe: new perspectives on nat-
ural disasters|M].Oxford:Oxford University Press,2006.

[91 #E% A Wi ArcGIS MBS KL 5 50 23 0] 43 0T 5 4 HURE M
JERTRRE H R, 2006.

[10] v gl Ty B 48 5 KBS VA 5 SIZUE W 5T (D).
JLR 18 30,2009.

[11] A E e, 3 B oK £, 4 {7 SCRBLALL IR b it bt ik X 2
SN A D 2 e MEVP AT 0], luﬁl% 2011,31(2):148~152.

[12] Quan R,Liu M,Lu M,et al. Waterlogging risk assessment based on

iz ¥ N

[13] b4 A BRAL R [ 2 %35 GB 50352-2005. [ A 247 3 1 il
J[S].2005.

[14] FF by e, VI, BB AN A TN USRI T B b 9 B35 R
W SRS KBS 7] M2 2 3],2010,29(6):853~857.

[15] Emergency management Australia. Disaster loss assessment
guidelines[M].Sydney:Paragon Printer Australasia Pty Ltd,2002.

[16] A1 D3, VFHEL A 4l A W i X K SN 55 TR RS )20
Sy HT[T]. MR AR} 22,2009,29(6):853~857.

[17] Grigg N S,Heiweg O J.State-of-the-art of estimating flood dam-
age in urban areas[J].Journal of the American Water Resources
Association,1975,11(2):379-390.

[18] A1 B39 F 1% 50 T 0TI e 95 1 VP4 I 7Y
[D]. g A A6 K 2= 18 52,2011,

A_E g1 51

land use/cover change:a case study in Pudong New Area, Shang-
hai[J]. Environmental Earth Science,2010,61(6): 1113-1121.

Vulnerability Analysis of Rainstorm Waterlogging on Buildings in
Central Urban Area of Shanghai Based on Scenario Simulation

QUAN Rui-song

(East China University of Political Science and Law, Institute of Sciences, Shanghai 201620, China)

Abstract: Rainstorm waterlogging disaster, as one of the most devastating natural hazards in Shanghai, has bad-
ly affected residents’ lives and operation of urban system. As the accumulation of population and wealth, in
the background of global climate change and sea level rises, the vulnerability of coastal city show an increas-
ing trend which may lead a very serious situation of rainstorm waterlogging disaster risk. From the point view
of scenario analysis, the vulnerability of the indoor property and structure of the buildings to rainstorm water-
logging disasters in central urban area of Shanghai was analyzed and evaluated combined with the previous
studies. The main conclusions were as follows: 1) The vulnerability of different building types presents signifi-
cant difference. The warehousing and the old-style residence are the most vulnerable building types when expo-
sure to waterlogging disasters. 2) The loss rate, number, and types of damaged buildings increase as the precipi-
tation intensity increases. 3) The structure of buildings was more vulnerable than the properties in the build-
ings, but the loss rate of building structure was lower than that of the properties in the building in the same con-
dition. 4) The number of building with damaged structure was higher than that of building with damages prop-
erty under the same scenario. 5) The spatial difference of the vulnerability of buildings is obvious. Over all, the
rainstorm waterlogging disaster has the most serious effects on the buildings in Yangpu, Putuo and Xuhui Dis-
trict; the buildings in Changning, Hongkou and Zhabei District have medium vulnerability rank; the buildings

in Luwan, Jing” an and Huangpu District have low vulnerability rank.

Key words: rainstorm waterlogging; stage-damage curve; scenario simulation; Shanghai



