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Tab. 1 Three commonly used models of elementary catastrophe

R i B AR AR B AR TSR SrEAR
1 1

R R 2 1 V(x) = TX4 + 7{1962 + bx a=-6x>,b = 87
R g 1 1 5 1, a=-6,b= 8
MR 3 1 Vipe(x) = 5 + R + Tbx + cx Yo

1 1 1 1 a=-10x* b = 205
LS 4 1 Viea(x) = —2° + —ax* + —bx® + —cx? + dx

6 4 3 2 ¢ =—15x* | d = 4x°

1.2 JA—aAR

AERVE U BU HSBE V() KB FEL RS V (x) = 0, BN AR M35 BV () R
BrS8i, 364 V() = 0, /88135 S r B L T PRI IS o IS, T S AN AR (WK 1) L,
TV G 45 P B AR A8 B MRS LR — 0, R T SR S B PPN 157, o I
HEFTI—FE AT | I A SR DI S BRI T 47 A PP S A S A, SR R 0 S8 R0 —
feastn T,

PG X, =, X, = b .
MIERAE: X, =a'?, X, =077, X, =" (2)
ISEAS: X, = ', X, =6, X, = X, = d (3)
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Tab.2 Evaluation index system of flood vulnerability
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b el A R AR S TR A AR R )
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Fig. 1 Study area of Huaihongnanpian flood protection area
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Tab. 3  Original data of evaluation index in study area
HAEAR A% Ji& Bl HE ALk gl TH LR ¥ A¥IGDP/  EMERT  EIFREN
S GDP/(Ji  BE/(N - %/ (km? - TEHE/ A0 ) ANB - (TG EE/(A - HEE/
5 -km?)  km)  km?)  (km-km?) AH/% FRm BRI e ) k) (b )
A 904.597  296. 004 0.014 0. 407 0.964 18.176  4.119  0.468  2.663 0.288 0. 090
B 1351.741  449.046 0.021 0. 482 0.941 16.136  4.063  0.470  2.640 0. 030 0. 296
Sk 1043.725  505. 887 0.023 0.593 0.962 15.076  4.200  0.478  1.882 0. 101 0.172
KA 1160.379  461.485 0. 022 0.512 0.964 16.625 3.275  0.473  2.219 0. 146 0.255
WSS 1152.572  184.241 0. 007 0.271 0.828 17.446  4.336  0.485  6.256 0. 083 0.193
IEJkEi%s 531921 185. 198 0. 007 1. 620 0.862 17.257  3.265 0.465  2.872 0. 081 0.228
BrAFEL 1285.729  359.764 0.014 0.631 0.946 19.193  4.270  0.475  3.274 0. 061 0.155
F 1047.172  355.156 0.013 0.343 0.968 18.905  4.167  0.466  2.774 0. 037 0.203
A FE 3926.926  805. 851 0. 000 0. 685 0.930 17.277  3.623  0.459  4.873 0.298 0.265
WA 2652.742  530.141 0.021 0.473 0.951 17.288  3.967  0.477  5.004 0.104 0. 166
SONMEEL 17 638.226  757.459 0. 031 1.258 0.700 16.991  3.662  0.501  21.843 0.474 0.422
/NEESRAE 62 040.981 1217.154  0.051 1.843 0.336 17.656  3.146  0.506  44.590 1.834 0. 386
W4 3567.112  707.183 0. 029 0. 604 0.947 17.492  4.367 0.478  4.749 0. 347 0.163
B 254.260  125.800 0.010 1.027 0.967 18.281  2.847  0.470  1.038 0. 108 0.118
MWL B 14 918.667  691.251 0.053 2.324 0.220 18.670  2.831  0.493  10.435 1.226 0. 200
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Xo, =(0.518 119)7=0.803 174, X, =(1)"* =1, X, =(0)"° =0, B T4 A8 2 Z [0 7] DUE AHRANAS /2 |
RGO ILN E— Z VR A8 AR = AR AR, D i« TANAE” B, 7 Bl=( Xy, + X, + Xy + X, ) /4=
0.572 587, [RIFEAT{44H B2=0.323 419, B3=0. 828 588, [al#f, #EN|JZ B1,B2, B3 4 e B 578 , AR g X
(2)F: X, =(0.572 587)"* =0.756 694, X,, = (0.323 419)"° =0.686 417, X,; = (0.828 588)"* =
0. 954 079, 4 f“ H AN SRAF I B IS B i 2 i L a5 MRS bR (M 0. 799 1, H AR LI,
ARAFIER e ss PR HEinE (W3R 4) .

R4 ELEAREHEERE

Tab.4  Flood vulnerability index values of each township

EZ e R BUEE BigOMREES RAZENS(H AR H N B i AUE B B 252
Pt B OC 0.5726  0.3234 0.828 6 0.799 1 I 0.3229 I
B 0.3928 0.6344 0.987 9 0.8277 I 0.304 9 I
IR AR 0.9346  0.7053 0.191 3 0.839 4 Il 0.544 0 il|
MEHr 0.5135 0.628 1 0.910 7 0.849 9 II 0.410 5 II
Ifdb g 2 0.4640  0.756 9 0.947 8 0.859 8 I 0.276 3 I
B 0.6017 0.6950 0.971 7 0.884 8 I} 0.536 3 m
TR 0.5251  0.8670 0.946 5 0.888 2 I 0.504 0 I
H K £ 0.6011 0.7284 0.959 9 0.888 3 I} 0.5655 \Y
ey 0.5860 0.7926 0.977 0 0.895 1 I 0.532 0 |
BN 0.7789  0.857 3 0.544 3 0.897 1 i} 0.553 2 I\
KW 0.6435 0.8265 0.9355 0.908 1 \% 0.449 1 Il
AR 0.6429  0.8860 0.922 1 0.914 1 \Y 0.567 9 \Y
Bt 0.6720  0.856 3 0.958 9 0.919 6 \ 0.596 1 \
DSl 0.6487  0.950 8 0.969 5 0.927 0 v 0.673 9 Y
PRI 1 0.7169  0.866 9 0.944 6 0.928 7 \ 0.682 0 \

2.2 HREHUESRNHE

Bt NG 55 P 18 TE ArcGIS H R T 9K W o5 1k
IR 5 e Ess e (1) BRMEss e D) b i ss
(1) EMegs v (V) FEEMEsS PE (V) , & FE R EUE
X ] 43504 [ 0.799 1,0 .827 77,[0.839 4,0.859 8],
[0.8848,0.897 17],[0.908 1,0.914 1],[0.919 6, 2 LS it
0.928 7, B DXL 5 i 55 1 45 9 ] 3 A an 5] 2 it
fiw . PER T TR Ls R WK 4,

BRSSP LR G P R AN 25 S T SR
AR SCRE TR A e e 1k N BT X 15 4~ 2
BRI MEFI PRI 27 TR RS O e 4 A T AU SR O 2 3 A A 5, RN X 52
(R PP 8 B KD 5 P e i 1L I A i e AN S ARG I B, B SR T R R s i, Bl 0, 7R AR S 43
(S TR A AR e 1 s, DRAN P AR — BTG i AR A B RN AR 18] (AR %o T B 56 R 5 R AR AL
AT e 8 BRI 15k 3 BRI (4) F1K (5) 7T — 3 oo & b b 3, 15

s
A

P2 WFFE IR E 5 1 2 [ A

Fig. 2 Spatial distribution of flood vulnerability in study area
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B AR AEACIEIRT B £ 5 150 S ] B I M DX 24K e R A s b A TG b A ) S A A TR T
LR G KA, B dE Tk TR, 53X 3 AN S B A A PTG K, e BF IOl R 3 VR & A
Wi I E B AN 5 T 52 WKW T, SRR T, DL i W, B 53 X P ik 0 i 555 K SF e A
Mo X, MBI 7R R AR S 2 255 Tk 2, HLZ 9k X AR R AR ) T 52 LK i) B AR B KA K KA

TMESS PR SF Y £ BUR MR BIOCH BT, M B IO B b 3540, R 29K 18.48 m,
HRI R RTE AL, W BRI L Tl A =k ok 3 Aol He ARG, %t ¢ i APk ARG , TR 22 7
HEACH LB/ TR BS, PRaze B 3R G i Ak L3k, B P A 38 sl ST B I 7 SR B B LA %85 5 Xk ¢ g 975 0 A
7 HE SR, LA BRI N (B LB Ab 3 ZE AR KRR BT L0 55 1 9 9 ke H s i A 5
REAS T B A K i 55 M S 2

RRAEATF 7 DX 4E 5 s 553 1k 2L B AN 43 A, T R) ] B b SR BOAS [ 5 it AR MK 45 & B Pk BG5S 90 A S/
PR A T KR e A — 2 BT 08I R T, AH LS8 8 B AN AURR 4 5 | B2 I S /N AL 0 T 9 e 59
PEAKF T 38 3 0 B2 7 e oA 25 4 0 2 P AR 2, bR ME S M AR G0h AR L S B 1 n Sk
B BRI SR 5 I I RE RS B TR, T B R IS T A AR T M 55 T A, A e S, 445
A I it 215 B o) 3 S T i HEZK BE ), DR DX IR VR AR 45 4 , 5 8 Tk K T AL ) NS I 2 TR, ik
HEI R AR T AR,

3 4 iE

(1) 20 tHed 70 B RS RIS T 4A 40 R REIIFE, 251X 40 ZAERARWHIRE M 588, 5
AR ERE L 28 ELA A YR BB R 78 M 5 R AR e - b P e A1 42 A2 4 [ B, 98728 P A S P
AP N P ORI AR IR B VAN — R ZAEAR TN 7 i AR AR 1) A R AR 4548
PRFEIA— 22 1 I FEVE FIALEEEA T, TC 75 6 AR FE R AR 02D T F2 00 R 2R (1 B i, {0 285 SR o
TR, BHAPEN RN S, AR AV A L R I, TR B S SE R

(2) AR SCR R AR B LA PP A BT R 25 R 5 5 AU B L ik B F R 2 SRR B, H &
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oA SRR A BB IR XSS PR AN & B0 1 R AR ARER S PP A 105 B ARG 1, S DX It Mg
SSTEPEMN AL T —RioE Tk
(3) RALGHREF A VPIIETT A R R Y], PRk R F BBt DR DX A R 73 DX 38t e 55 P e i 5, DG
RIS 1R SR Y S BN S B AR R B B AR, FE S MR SR £ B OB B B R B, P eSS S
B S R AR R K & IR B SR/ MET B, RGP AR ) £ BRI SR AR R B I L
B S , e PEF 9L £ SO M BIOCHT BB, 22004, M8 IR B A b e F A9 DR/ N 3o B 50 553
SRR, SO0 Bl DR DX B % £ FREAT SRS IS | 288 AT OCTEAL TR HE S I LIA VA T 19 & S Bl
HEIRCI T AT AT S 3 S A PRl s B STt SR T A HE K BE Ty, 1818 IX SRR VR AR 245 40, 5 B0 C ) W A
BB 7 BE AT AT s W 5 0 2 BURIE S K- o B DL, WS R T R B HE DR 37 IX A 4% & ARG 3t
RME S BAT R T, X B DR DX B I R 45 5 B itk S PR LA EE B

2 % X #.
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Assessing regional flood vulnerability based on catastrophe theory

GAO Yuqin', WU Jingjing"*, HU Yongguang’, WANG Zongzhi’, CHENG Liang”, LIU Kelin®
(1. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China;
2. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research

Institute , Nanjing 210029, China; 3. Reservoir Dispatching Center of Hanjiang Water Conservancy and Hydropower
Co., Lid., Wuhan 430048, China)

Abstract; Based on the structure of the flood vulnerability, 11 indexes are chosen to establish the flood
vulnerability evaluation index system. Then the regional flood vulnerability evaluation method based on catastrophe
theory is established and applied to evaluate the flood vulnerability of the Huaihongnanpian ( HHNP ) flood
protection area, which is a national key flood protection area. The results show that the flood vulnerability degree is
high in most areas of the HHNP flood protection area. The townships with the first level of flood vulnerability are
Toupu, Mohekou and Caolaoji, with the second level of flood vulnerability are Daxin and Xinji, with the third level
of flood vulnerability are Xinmaqgiao, Wangzhuang, Caoguzhangxiang, Wuxiaojie and Kuainan, with the fourth level
of flood vulnerability are Xiaobengbu, Meiqiao and Linbeihuizu, with the last level of flood vulnerability are
Huaiyuanxianchengguan and Weizhuang. And compared with the fuzzy optimization method based on entropy
weight, the results of the two evaluations are basically the same, which further demonstrates the rationality and
effectiveness of the method. The research results have a guiding role in reducing the flood vulnerability of each
township in the flood protection area, which is of great significance to the flood disaster reduction investment and

flood disaster management.

Key words: flooding; vulnerability; catastrophe theory; flood protection area



