5 37 BH 4 ) x
2022 4£ 10 A

2

B

JOURNAL OF CATASTROPHOLOGY

L

2% Vol. 37 No. 4

Oct. 2022

BT, W@, THUE, 55 FETRA TOPSIS FIpfZ M4 526 75 ik i BT i i kg 3 R PG [T, KF %, 2022, 37(4) .
184 —192. [LUO Ziyuan, TIAN Jian, DING Siyuan, et al. Hybrid EWM - TOPSIS and Neural Network for Flood Risk Evaluation of
Xiamen City[ J]. Journal of Catastrophology, 2022, 37(4): 184 —192. doi: 10.3969/j. issn. 1000 — 811X. 2022. 04. 029. ]

E T TOPSIS MHEZMEE | T iER
B 71T Rt R XU T

R,

W', T#E, £ 77,

g

(1 RERY: @Haebe, Kt 3000725 2. S T LI Bt T s be , ARkt 1] 361012)

W E: AT ZENNERBSAGHIERN IR, AL TOPSIS BiRY 55k 28 W8 BIRAHZE &, LAY TOPSIS
TR PP B 1 TT (04 TR 57 0 G 59 P R KRG, R 5 B, DA 222 ) 48 A TR LD A 9 2 A W, TG S BN S 1 T °R
PEIE RS LE AP . SRR OB . MW RS H X9 FE AR simtsE i, (AFFIENA B 7
BEA R T T AT BRI LT 3 SR R TP AL o i 28 0 £ A5 760 174y S ohs B A 3) 0. 885, FF BH 6 491 48 1) T vk v 1% &1
TE UG B SR (4 6 6 1 VT4 225 SR 1) [ It B 008 PR IR A i A LS DR . DI T TT 29. 1% 19 I b 7 o s 5 M e o
TS A A R B KA IX, 38. 9% (W I XU B R R R, BB ARG XA X, ET
56. 7% (¥ XA TR BE XU, 11 5. 9% B X SRR VI XU 4 g, Herp 1. 8% () b I I i s IRUR: , 43 A 72 [l %2 IX.

FEVHTE | VU I RO 2 X S AR B RHT E 4

KEEWR: G WSt BERE; MR BEVLERMG MlEsEd
HE4 S X43; XO15.5; P462; 422 EAAREM: A CEHE. 1000 - 811X(2022)04 — 0184 —09

doi; 10. 3969/]. issn. 1000 —811X. 2022. 04. 029

R TR 7 A 0 b 57 R R T AR b B R UL
RHEHBR N AR K EZ —, X R R A M=
FARRZ2 7 T B o A R 2 ) R RS KL, BE S R
RS . AR R E KU SR

S WA E E PRI g (UNISDR) 19 95 3 X
RIS 240 (20 1) o T T ot ok XU AT
Al

Risk=HxVXE, (1)
K H. V. E 5l DA ) =48R, H
REREMERAE, WLETE KN ZEMT L
HEgCE B R Re MR VAR SRR T R G K e 55
PECT, I T W PR A £ 20 % T V) R kK
SRR A U E FoRKBREE, RS
TRBEAEWN LK E T 5 R AW =ik R

VIFERSE 22 2R H 22 W BT B9 32 X6 T 3t
T IRUSE 1) 4% 48 5 ) PR - AT A, E T A GIS
BB OTTE X AR o WU R M 5
TR DRI 22 2 85 1140 52 Wi PR] 5 B 22 4 v 70 JRUBG: R 25
Bl . KAz o BLRE 1 AN O 2355 43 A 55 7 T o

« RS B3, 2022 -04 07 B HH. 2022 -10 -19
HAETH: ERHKRB#E 4 (52078330)
B—tEERAN . PEIT(1994-), 4,

HICE SR SR i [N 1S 2%, BOME 2 %
A1) L PR ot ik, AR B b R i 25 90 SR
PERPENMER PR BE Ak, Rt 9 FE G R M B PE
5 P RO e B AN O, T T Rt R R
i i e PR A R T, DAL P TS AR
EWRE ICE e Pk B RS AT A B — A R TTY
2l UTARSK, BEEIA . BEHLERMS . OBLF
BERI SRR AL AL 282 2 7 ik e 30T B F I
B 9E S@ IV A 5y A S5 i b AT 2 R N,
G i P S SR N T 5 ik R 2R AT REE 2 (]
MISRE, b BN R A, 32w B Y
HERE

I, A BE5E7E DL 22 0 I 37 6 79 B Al |
KT —FLES 2 2 5 GIS Z Uk MRS AHSS & 1w
HEXUS A 7k, LA AL TOPSIS AR PEAS I 1] 1l
FIRY R T 7 R 33 P A XU 2 8 B, DAl 2 [ 5 A6
TURAUIE Y 9 F B P, e 2 S BN B 1] T F 74t
G IR B PAL o G R 3 0 ik A R A 3R
FRCRITE ¢ 5 1 B A S i) PR R B e 14T 1 BB o

WG, BIRTLRPAN, WA, FEAFEEMAT RIS, E - mail: ziyuan luo@ qq. com

WA WIR(1957 -), 5, BUR, RPN, WL, #d2, WLoreASm, ER SR B IO I B R O ek |
S E IR SEESE. E - mail: 13602058416 @ vip. 163. com



414 BEIL, &5 FETIRAL TOPSIS I 22 [0 2% 52 5 J7 125 (9 JEL 1T R 34t o 3 LB BEAd 185

1 ARREHERIE

1.1 HfxREX

JE TS F A A AR e T, R SR T R ] —
AT REA LT, TERRX . BRI i
WX, FEEX, FZXMALX6 X (EL),
2000 4FELICK, BTt SamEsheE LR
BEAET N O R A, R 2020 A 4T HE
KEBERKECIAT 4 427.7 km, FEA S 45
o [ TAT X AR e X DA BN ()RR Pk O, T AT
AFAEHEK R G2 T 7 o 28 45 Vi i b X L 7R 11 3 75 ()
I 1970 1 A R WP . I o) N 7 /52 s
.

118°0°E 118°10°E 118°20'E
A
i 0 25 50 km|
p 0 o
1000 km . o~
P
B4 T
-
: z
. |3 % -
] 4 X
7 s
L 1) >
EEE vl =z = A -
4 2 b N Fate <
5 © BT . KEF 2
+ & -~ i 123
:]L—':_ e A © g
100km', 57 [
| m & .
118°0°E 118°10°E 118°20'E

B BRI e X LR B A
CZEEET P ESREHL ] (GS(2021)6026 5 ) HIAR 8 s il 141
(GS(2017)1268 5) 2, JEETLES, TWH)

1.2 HEskiE
L2 1 sk idE

TR IR T DX, T Aty F) v Af M AR R R E b A2 3]
FRIEE B RS YR . DATE I 5T mP i >R FH g sl it
Pifm B R R AL K SOK ikt
olE BRI 7 ARG A L, F
JEICE S W AR PE A, i 46 5 ik — i R
SZEVBR IR AR & RS PR R, W
BAEAEL T I A7 1, (H Dy s 5 5 B AL LA
B s I 230 S 4% T Uk A VR 0T A o I AR,
2L A5 AN BN 6 H L 2 D7 TR R, M E
Al 2 A A A T A O, A R R D s i
R B AR R B W MR G0 O BT, B
SERE AT M AR PR AT . IR BT IA S &
(CSTAE S Q0 N VAN W QT N 18 U o U B e
T OUHI T HEK R GE B0 PR T, 1150045 2 A9 1 33
FIPEAE S5 BRA7 A — € 220, [RIF, o 35
LIRSS DEM R | 351 S5 R R A B2 0
PR A7 A o 0 TR S, v P e 52 14 T 4t
BEIE UL o 7K oK I3 58 B 45 2R e i B AT 850 v 1) e
B, LXK ORI RO R B, e
WAL AR B AE— EMERE, DN B /D RERS 7E F 50
i A o 3 R AR SRR 1 D R IS B T T A
WSSt T2, MR T, IR ZE E ORI

TR i A ok R B R Y, AR, IR B
G, BEAh, A HE BRI I A ik A
IR 2 T BRI A B S

zi b, WEIT L DAL R SBGE AR AR BUE ] T £ 4F
#1(2010—2020 4% ) (YT 4= (4—9 H, fL 45N 2
G Z) EEGAR, Gad it 5I% & K fr
B AR ARG, i T Bl S 1] i W A v Y L
WF5E— 7 T e U R ME R S E AR G5 R,
— 7 TR AR % A9 T V8L 98 Y2 3 L v 290 I 78 T8 A Uk /)N
T3 RAYBEH, DA/ 18 B PR IR 22 T REAH R A5
Mo, XA SR T BB Y ok — WY R B Je, {HIH]
At BB A% HE B At PR R SO B SR PE R . FSE
DLV T A0 R AE Ry ¢ A1 6 M 1 R o0 A o, 0
YO R G & A TN R CE B T B R, R Ut
PEM e AR . BB AR 3 UL BE
He, LLESRAIWT S ki N T i & 2]V 2
BRI S A, Gitasi RN, | e A% =
FITH IR E W BIE A F4K, & 65.9% , i
I, V. V&L kX5 14.5% . %FHE# %
XA T ~ VRN 5 X BEALR B 300 4~ RAE i
THLARA B ALY 2L, Hop B AL B 70% (1)
KREESAE R INGAE, H PB4 EE, 5 30%
YERAAE ,, AR,
1.2.2 MR EREIFNIAFR R

WA (L), EHEOEM e PE . BEEE MG
BrPERFE PR T (2 1) o 21 PIL BB T BEA i
Ve SR 2@ O NT R 9= = e 1 = i P e O (B = o
TR E L HT A SE AR ) B LR 27 2
VRIS 1L 9 T MG B R AE R R K . A
ST FERL AR 2 > BEADL R JF R R 0k, il At
R TOA R LA S 7" RS TE AL 2%
2E PRI At O F G S AT, Gl At S MBE L
FRPRIE 1 25 7 1 3 & A 9 IXC A0 TR 3L 9 3 1 I 1k 4
S

i 55 1 R R AR B N A JE M, R R e A At
210 R EHURME R ARSI S 2 A
MERRE(E?2), ARES ARG, WiizW
i A RS R T NN B FR Rl i SR T N
WRE R, KA ] Y B B RN, P M7 B
KEZMAPATREEM K, fLEaF ARG, Wil
B 7 9 JfE 555 1 5 30 T N U6 HIRE 7 Y 5 55 AT 0%,
T R R LM R T R B B M X EL AT
NER B HCRE 1, X R U EE A I 55 Pk AR X
HN

T 7 IR f) e R S AR RAR B N B R
ATE . BRBEARSS LT . AR SRS T R AR
FXo BIRAEB RGN EIR T RIS R
G AEB RS MR FEIL, 456 2 WIE K EN
SEMARRAE, ST BE B 25 R G0 R 55 (B 1 S A 1A
A5 KOO . IR A SRR B R
TEM IR 7o A2 T 2GR 5 A0
R FREBREE ., % kK EKEEEVIME,
WS BN B BE . 25557k (GDP) | AT 8
B, A= mE . SE2E AN ELAE A s g 77 4L
SAVPIRBLB AR (] 3) o



186 K oE 37 %

®1 BEHREREREITNIERER

FEpRE Al fabr T Bl AR IR i b P
1] [ % JBZ P TETRTT A, DL 9K [l I8 i 2
GakRI 9> 5 A, IR LA bR
—_— H KR i Open Stre)et Map ( www. openstree- B 73— ab B
535 tmap. org
BTG B B ] i TR B 1 5% (X POT %4 BRIGHE By ki35, LA E SR 1R B
" MR SRR S e IFR 1L b
30 B 1 1 BRI AT I — AL AL 2
UNEE. S
225K (GDP)
K FMNAE
Al A= i mgﬂ%ﬁfﬁ§ﬁﬂ%ﬁﬁm S S T = B A
= i > (www. resde. cn x N Ei AN e = ) H SR (e
pgn oA D B GR  S B IF M
AKSCI T A ANk PR BT A — A Ab HE
T LRFFE
A ZREENE
N NOAA/NGDC iRk W4</NH (EOG)
BATLAREL (https: //eogdata. mines. edu)
e i PPV B PRI & STk ] fEes d
LR (http: //www. geodata. cn/) ﬁ:IE*’ﬂSﬂ‘I’io -
{2 (DEM)
W
MR EARE
fﬁlﬁ% 1E ArcGIS " iy DEM {158, &&%
s S T 25 (hutps SRREIG B 1 A T U5 50 30 43
B //www. gscloud. cn) 6 F, IR LM R AGHEAT A
- s —fLAb B,
TURR ) i 5 45
IR
HUTE I i 48 2
Hb RN
HﬂwMﬁﬁ\aw\Am%E:
] |
(2) W P I, KB, 58 I »
" R TR, RS InVEST BB s 35 et
5 iy (3) ARAEbE: EREMERALR POt 5k A", JHEw
o SERRL 1Sk 5 LI (E1
(4) REEJR R w8 ds: ‘LSRG
JIZ 55 FN52 o 1) £ 5 PFAS (InVEST)
L SEEVEITES
IR . vy RTTREIT L [ 9 T 4
LUk e S E R T S g s i by
" b A
H—fe AR E (NDVI)

(1)ESA 10 m 3 55 504
(https; //zenodo. org/record/

5571936#. YoSvYoV213k) ZEH ., EREER LM R

LA (2) B BT ECEPAIA 30 m HOlt 70— b5,
53 B b B AR B 1 M AT 55 A
(http: //irsip. whu. edu. en/)
KB HHAK RGEHE R, LLA A I I8 5 4
RNy R 5 %, IFRALIER
TR Ak g Open Stre)et Map ( www. openstree- BOHEATH — AL TR
tmap. or;
SRR RS TBIR FUBFEIX POL L RCCGRE B0, L SR T

i IIGIERN YN 5 %, FFR LM
B % POEHAHEK RGN PREGHAT I — LA B




43 WAL, 4 WA TOPSIS HIMNZ %5 & vk 1 19 AU VA

187

(a) o [0 85 12

-
(c) i s S FE () B i 1 B 125
P2 ST A G S T A AR T

»

[T
.
() TEm)AT HedE4L
I

() ARSI T fi (h) - HECRFE M () 4 & PR O
3 T Rk 3 U 22 88 S AT 4R AR B T



188 r®EFF 37 %

d=1-E; (7)

2 MIRAE w =d/Sd. (8)
i=1

2.1 ETFHH TOPSIS 5%k /Yt B % g 55 14 F0 X
M 55 A MY
AT HE A 22N P56 AT R R A Al TOP-
SIS X 3T WOk ¢ 2 1 G 55 1 R B R R A T A
TAGEARTETE b A B B e 25 BORE BE A e A, 2
— R B ARA 3, B B R B R
PREEFEHRAL AT 4E Z 0915 B, MM 25 & PR 45
B IR T E AT, TOPSIS )\ — 251 )7
R e R T %, FTIE 7 5 1E B A 0 B S
BN, SRR R . DURROERE &
D TAXE, TS b A TS5 AU R e B 3T Y
B, Ead TOPSIS AR R f i B A TR b (B S B
PRI I, MM T2 A HE R, HAHS:
TAES: TOPSIS T R %W >, BFST 8 o LA T 45 98
SEIRRAL TOPSIS J7 i

(1) B EAL o AR XS 2R 35 19 m 26
AN n TS b PR 2 57 RO 2R G 0 DR G B SR B
EiDOEﬁW£ﬁ@%%Nﬁ%ﬁﬁﬁ@%ﬁﬁ
3.

X=

X]l Xln

(2)

X
i = ma:(ijx:)minrl(liycrizxf) ° (3)
b a WTESS SR j R bR TR I
{EL, max () . min(x;) N2 j UG bR Y e KA S B
IME, XN § ARG § IR R AR

(2) WSRO 7E 48 AR IR A . AR 6 K00 a0 s
R, R4 THRER @ DSR2 7 SR
PHE Yy, #250(5) 2=a(7) TR j Idabr a9 15 B0
E, M5 BIUREE d;, Wi EFRPRE o, (X 8) .

(3) TOPSIS JA T BAR MG U 2 o ARIEARIAL I
B A, RAEC(9) M 3 i BOM v A R SR
e Wy srmlEsrak . A we (X(10)) . w°
(K1), FFRMERICHE R TR 5 1E . (AR
BIAYEEE D (3 (12)) M1 D7 (K (13)) . RAEK
(14) WA S BARM W E C;, €, RBUEIE Y
0 ~1. FEARBIFEH C, BT 1 R M ke 55

BT R R
W W, X, ,X,,
W, = : = : . : (9)
W, w.. o X, ©w,X,,
W+=§w1+,w;}=%maxWﬁ‘i=1,2,3, eoomb
(10)
W™ ={w, wm'}=iminW”‘i=1,2,3, o, mlg
(11)
DL+ = = 1’2’. ’n); (12)
Di_ = =1525‘ 5n); (13)
C, =D /(D} +D), (14)

2.2 EBFHIRFIFEHNWERERKRETN
W SCad d 2 F LA BRI 2
Ao Ry B 0 e ] i o e T
BEJE R 3 Bl A AL & 27 > 05 1% EAT B 1T 2%
AR RO B I RO BIL A5 2 ~J T3 ik A 0L it i
fak .
2.2.1 AT S EALRMSA R EIERET
ZEILANERE MG A0 hr, EWRE R
Hh RS i A B L2 MR S BEAE G, ATT ]
A OB Al e 1YL Gl Oy 2 Ik N T

Y, =X/ Y X (4) (VIF) FiZs 248 (TOL) 43 Hr 22 S SRR B, S Bk

i FETESR ) AH OC 1Y R 7 BB A% 12 = B AL 1 1T 33068 U)o

E =-kY Y,InY,; (5) B b, 2 VIF >10 8 TOL <0. 1 R F A ETE

L ZEILPERE Y %2 R T IR A A

k=1 (6) KA F 5 1) 22 B ILZR PR BT 45 2R
x2 RS EEXETENSELLEITER

el ¥ FTEEKHRT FEE | P55 HF i EIKH T AEAE
1 B 7.113 0.141 16 YRR H 2.070 0. 483
2 AR 6.350 0.157 17 OB FE 4L 2.048 0. 488
3 B 6.232 0. 160 18 HEAKAE W22 0 2% 2.038 0. 491
4 R 5. 140 0. 195 19 Ealp/ QYN 2.033 0. 492
5 MRS 3.589 0.279 20 Bl — 2 HE K A O 1 2.025 0. 494
6 ZRHKE 3.184 0.314 21 R B2 2.019 0. 495
7 SRR E N 3.070 0.326 22 FfEAE X G HEK A R B 1. 868 0.535
8 — R HKE 2.812 0. 356 23 + b 1. 833 0. 545
9 JEAE X K W% 2.797 0.358 24 B G HEK A W P S 1. 812 0.552
10 Rk RE 2.455 0.407 25 HEAK I8 SR % 1.783 0. 561
11 FIHEK A W 22 X HE 2.398 0.417 26 bE TR L i 1.761 0. 568
12 TR 5 P 2.371 0.422 27 FHEAK T BB B 1.612 0. 620
13 4 i 2.323 0. 430 28 St il % 1.592 0. 628
14 B = 2 HEK A R 2.233 0. 448 29 ) T il 2 1. 564 0. 639
15 IIRAL L T (i 2.204 0. 454 30 s e 1.552 0. 644




414 BEIL, &5 FETIRAL TOPSIS I 22 [0 2% 52 5 J7 125 (9 JEL 1T R 34t o 3 LB BEAd 189

®3 MHAREERMSHERFEHEANEEEMN . pE

52 T q 8 pfH || F5 K q 18 L

1 YRR A 0.314 0. 000 8 KT 0. 101 0. 000
2 S| K A HE B 0. 298 0. 000 9 YK o 0. 084 0. 000
3 T % 0. 281 0. 000 10 — PR HEAKAE 2 0. 082 0.000
4 -3 R 0. 191 0. 000 11 ZHHKE R 0.072 0.000
5 JE A K R HE AR A ) 255 i 0.170 0. 000 12 HEAKAE P28 X101 25 0. 068 0.000
6 FIHEK A 0 32 LI R S 0.117 0. 000 13 B = GRS T BE B 0.056  0.000
7 FIRAEREHOKE MR  0.113 0. 000

2.2.2 AT HIZIRN B Ao ALAM I % 76k 35 AR
B -F

s PR ) £ AN T B 2 P AR s BRI R e AR e ]
T 25, (BT 4E R 5 2 B T 2 REE
BEEELERE 2, YL EE S AL B 2 A
T 0 = 4B - e R i e T . 2R 2 FhoTk
i e R LA 3 B 5 LA 2 ST B i 12 A RE

K FH Hb BRI 25 0 Hr FR b R F fa vk ¥ 55 2
FRFR BRI 7 X TR) A AR X B, A X i R R
UL q (X 15) Fon . Hidr, N RRBIRHITEL,
ol FoR YEN T2, AFR X R, ¢ BUETE O
~1 Z[E], q (HBKFREFXY B2 mECR

q=1-YNuo./No* . (15)
=1

¥ I IE AL FEHL AR K ( Regularized Random For-
est, RRF) B30 b 9¢ 3 1 6 P 0 P-4 48 Fr A
FEMHITHEY . FEPLARAR VL AR08 o 2 PR
O3 S ey A v ) M T O U AR B A5 B
g, HBORE T i—p a8 ™

25 M BRI 5 F0 B AL ARMRGE R 0 3 B 45 2R
WFEEE T 3 3 Frnmd 13 Wisehn K+, HBEHLAE
AL S BE Ky 74. 3% , RORBU

S L Wb 55 . BT = A5 Uk B A LA
TFF 5T — A 2 S0 RN It 2 35 A I M (R A N LR R,
(AR LA I v R 08 BT A PE A R % 5 1)
MR F et B A SR sZm, . JiRY
HOkde R, PR deAh, AU AR HE 0
DX s D 78 0 T Vi R 0 RN LG B R AR I HE K
ARG AR AR TR B B s
2.2.3 MBEFIBRAGREFFITAL

£ MATLAB #4736 R &AL, $2 7+
TR R 25 ) 2% (1) Z2 Fh AL 2 2T 1 R0 0 47 R 1t
KEEREEAS, R HABRUR .

(1) SZHgm L, SCRem AL —Fh L T 454
W R IME R B LR 2 S B, B A
LM IXBE T, S T Ik o 3 XU PP Al v 45 21
FARE L g2 SR > 17 g H
S — A S AR S ER T, 6 R R AT R 4
FE2s, Dz A iR 22 91 d5 R AR [ 2 00 B i
Z B 2E 5

(2) $ETHICRA o B TP 5 A 3 2ot il 5 DR SR AR
BVEAERF Tk, AERSR R A LAl o 25 8%, K Eg
OYRIRAL R A28 L BB B YGE A
T — R B B DL 22 A7 [ AR 8 45 38 N ik 22 2E A7)

Yk, MAIERCH R EE2E AR, B 2 u0E U2
—PlELAT AR Rl 22 1 388 o SR 222

(3) PHZE 2K ol 25 ) 2 A5 AR AL B S P 28
ZRYRT A, )z T DA% A R o )
HAREMSAE AR N AT 5, i kv 52 2 Pl
LRPEINNE, TN 24 E R ST IS, Bk
LT A AR I E WU PEAG > o AW AR s K3
FAERERE Tl 1M AJR L 1A EGE 2R T A i
JEA LI R 25

3 BRSO

3.1 BT @Sk R RS T

A AL TOPSIS ik P 79 g 58 1, AR 3 2
VSRR X s A0 88 22 ) S 1) ol T 9 3 7 I M 5353 P
IS S S PN T S 7 WS & e
195 2(1&14) o SRFUIAT 29. 1% 59T F LG 55
PR R e, R EE A A T K AR B T LR R
SRCDR I PO % I R b DX, TR IO Y, T
WD UTES | R SRR 4R 3G XOR AR Ll Bl LA %
FH2E DX S AR R B B B R e s v, BT
F14 L R 5 PR AT o

Pl 4 JE T T 9 T L e 55 ]

3.2 BEITHm#SREREE

il 2z ) S0 71 T 2 XU 2 R AT, O
5 F AR BT 50 MR B w5 4 5 26 (| S) ,
YT I R e B A R B L 38.9% , FEAE
FETHT SRR B [7) 2 XM 22 X



190 9

Es 371 %

h é 1]
MERLE - I T

¥l : I 40 itE2e.6%
C] % ilk2a7%
I seds Sie230%
I s s

Vs JEd T T T ik o T XU 2 i L T

3.3 BIHWEREEKRM

PISLALEE R® VR ) BIML s > Sk 4 br
R BT 1 FORBRMDL A RO, S L,
FE T e 5B b 28 I 5 AR B R AR UK 0,63,
0.68 Fl10. 71, 255 . it 28 ) 25 A5 FU AERBL 4L il
DO 11T O Pt e fa e A B B B

FR 28 56 2 U S PR LR, SR AP 4
& T HAM IR A Z T SO 13, BREET
RBCH T, YR R SBCh 6 1 LR 2
M4, BEE ERIGERKECH 1 000, KA Sigmoid
T PRESORIT DL 307 T DU) A B o A AR 2R AT VI 2
Wt YR ATI 3 5 v 2R 43 331 ok 0. 906, 0. 825,
TR R MR 2R 5] 0. 885, 3 BB I G % 4 IR 45
gﬁ%%%%ﬁ@ﬁZﬁ%%ﬁ,m%%mﬁﬁ
‘[%JO

R VI 25 0 P 22 ) 4 R0 ) 1580 5 ) Tl 24
Wb 3 B MR AR A S . 2l ] T R
Mg EfE B PER, SR H SR (] 5 53 2 5 15 16
PEor A E 6 Fraahy 5 25, JE T TR FE a5
o DXl o A A A T U R U LR, e X
ISATIE . R ERAE ., FZ X KREE, VM
Bril . WL X AT R BN A, Hd, F7X
K2z DX TS ik ¢ 3 A 6 1k B i T A s X
XFEITS NI, B X ER X, JE
. VBEAM R X WG X, & lifiE gL
UL T e R, 5 SRR 4 3 T Pk 5 O
A, B X AN (NI KA A R VR A O
HHOIEAIXT P40 R 4L . R A B KRR
w, FEHEKRE RS, MK S S X A A
TGP . 378 /K M B A P PR b Lk b 4k
AN, THZSVE A MRS A KRN bt 2R B IR
F TR LI E Gk, I ELBE & K AR 1) R 4 % i
T, ZREWILR S S EBOK G IS0, WitE
BSEREIE m, 25 R R AW 58 v DL B
YRI5 B TR T T 500 0% O TIE 4 e B A AR UL
PLRE, FE7E ke G B BE A K AR EE SRR Sy 8 15 B X
FFER I, 5 v A PR AR B 3T 1) ) 3 3 X )
Ry KU DX 38, DA T A5 566 s 45 52 B ) 0 3 e B P
R

Ll
I i SEs28%
B e s
[ % ditbiaste
I s Aittioone
I 2%

6 BTk A Rk

3.4 EBITHmR#RERKEIEN

FRAE (1) g KU I A A 20 0 4 T 1] Tl A R
B E KBS TEM I (B 7)o G553, BTk
A3 b DX TR it A B XU A, 5 b 56. 7%, W
T IR 5 v ) X 0 5 L 5. 9%, FEEE A AR AE [ 42
AL, Do mfEgEE X AR X, Hii
A 1. 8% (M IX T ¢ 3 AU A /55, 43 A 7 7] 2 X
FESAETTE | PR T8 A0 2 X T AR RET

L
W RS AittseT
B 20 SkE2S.3%
148 Stza%
I 2 dittaate
I s it

7 JELT T 3 AR ]

4 dpSitie

4.1 it

WFFER A AL TOPSIS 5 i 258 [ 25 44 i 1) 52
RERYPPAL 1] T WO Pt ¢ 3 KU, e DU AL TOP-
SIS JEVFAR JE 1113 11 % W Pk 9 5 A 1z ¢ e 5553 2 AT AL
(5873795 SV B i 2 I 2T iy 1Y G B 0 o 6

(1)t ZE I RIS . H BRI 5 1 )
AL REHLAR PR3 1T DL 18 H A A 5% X X P 9 fe
(558 65 = T P R 1 e w7 i L AT S R N
ISR A 1 R 7 AN HE K 2 58 A G 38 An K+
RIS B B, W A L



414

BEIL, &5 FETIRAL TOPSIS I 22 [0 2% 52 5 J7 125 (9 JEL 1T R 34t o 3 LB BEAd 191

VST R 9 A kR RS T 8 bR iR &, HEK
A ) M K A e T AT AR 9 48 AR SE PR B, OB
% R G HHEK R R R EIE AR .

(2) 1 22 ) 2 MR AE A AIE 5T 19 0 3 FG B M Ay
TR AR I Z5AE B2 (0. 885) , J& T Z AR TN
Zo A T U B R L S YL T A A A A S B Y B Ay
& ST I} BE A% (A IE 48 2 AP S AR

(3) 7] T BRF AT FAZE 25 A S 1 ) e 107 i 55 12k
L AT LY 29. 1% , [6) 28 X R 30 42 X 4
M XU Z R T R, S 38.9% . JE T 56. 7%
{149 DX 3 A 0 T T JRUB: L 5. 9% 1ty X 458 T 4t XL s 446
o, e 1. 8% At FH T Ife AR e AU, 43 AR ] 2
XA AT . VA A S 2 X o B R )5

ARG AT F Ik ¢ IXURS: Y PEAf BT AAE Sy R vk
REGHIE—2, b KU XA 1R 0 5 i o 412

[ES
4.2 e

(1) AT R B A R 3t K F @ B PR o
P2t L, 255 001 50 DS R AT T 1R 7 I
¥, s S EILANER R PRI A A IR
PEBEHLRR PRI IE TF AR n i i, A EL DLEEBF 58
RIS LI PEBOEA N T— @ FE e m 1Rk

(2) ASBIFSE AR A 1 14 22 47 ) 1 2 i RO 1403k
WO BB, I W I U A T Bt v
K, fe—af R b ALkE T sk E B
BERE MUK SOR I 5 P AR AE B Bs R IR, (HA
BFFE AR E M Bt Ar e A B AN L. — D71, %
TREE YT R BR ], W50 A R ARG S O
AN 8 AL T d R Y B A, R L e
WO B AR, TG IE AR BOE B A e o5 —
T3 T, RN VA 5 3 R I R [ 4 % A0 38T i 4t A B
R — AR, T2 AT 1R RO AR & N AR HURY
MBS E T XA ATk

(3) F T R R 9 5353 1 R XL 2 i 2 Y- Ao
SR AT NN S 7 v, AT ST AL RE RS X 1
LR F GBI R A HL &7 1 7 ik EAT BLAL ARG 56
AT A 22 0 REA 9 75 3208 i Rz G 583 A4 R XL IS

R

SEH

[1] TEHRANY M S, LEE M J, PRADHAN B, et al. Flood suscep-
tibility mapping using integrated bivariate and multivariate statisti-
cal models[ J]. Environmental Earth Sciences, 2014, 72 (10):
4001 -4015.

[2] BUDIYONO Y, AERTS J, BRINKMAN J, et al. Flood risk as-
sessment for delta mega — cities; A case study of Jakarta[ J]. Nat-
ural Hazards, 2015, 75 (1) 389 —413.

[3] JONGMAN B, WARD P J, AERTS J C J H. Global exposure to
river and coastal flooding: Long term trends and changes|[J].
Global Environmental Change — Human and Policy Dimensions,
2012, 22 (4). 823 —835.

[4] FOUDI S, OSES - ERASO N, TAMAYO I. Integrated spatial
flood risk assessment; the case of Zaragoza[ J]. Land Use Policy,
2015, 42,278 -292.

[5] HIRABAYASHI Y, MAHENDRAN R, KOIRALA S, et al.
Global flood risk under climate change [ J].
Change, 2013, 3 (9): 816 -821.

(6] sk, BXBTME, ZEH0H. XK IS5 MR bRk R SR 40
BRI [)]. RE:, 2010, 25 (2): 36 -40.

Nature Climate

(7]

(8]

[14]

[15]

[16]

[17]

[18]

(23]

[24]
[25]

[26]

[27]

(28]

FIFD, bR, ARBURL T 5 R K KU A K 9 4 X SR
o LLHAm R NE[J]. %E2:, 2015, 30 (1): 130
-134.

A, W=, K, S5 2R ULET KU AN 19 GIS Al (A
RN LISEWITi L)), BARREEHR, 2015, 24 (5):
169 - 176.

Al — ABADI A M. Mapping flood susceptibility in an arid region of
southern Iraq using ensemble machine learning classifiers: a com-
parative study [ J ]. Arabian Journal of Geosciences, 2018, 11
(9) . 218.

DU W Y, GONG Y, CHEN N C. PSO - WELLSVM: An inte-
grated method and its application in urban waterlogging susceptibil-
ity assessment in the central Wuhan, China[J]. Computers and
Geosciences, 2022, 161 105079.

PHAM BT, LUU C, DAO DV, et al. Flood risk assessment u-
sing deep learning integrated with multi — criteria decision analysis
[J]. Knowledge — Based Systems, 2021, 219 106899.
TS, B, ¥, 5T GIS ZUENIEN 5 BP MM
B 2 TR T 0 KU R DA = At ORI [ T] . 2,
2021, 36 (1): 192 -200.

TAMIRU H, DINKA M O. Application of ANN and HEC - RAS
model for flood inundation mapping in lower Baro Akobo River Ba-
sin, Ethiopia [ J]. Journal of Hydrology — Regional Studies,
2021, 36: 100855.

FELDER G, ZISCHG A, WEINGARTNER R. The effect of coupling
hydrologic and hydrodynamic models on probable maximum flood esti-
mation[ J]. Journal of Hydrology, 2017, 550 157 —165.
ZIYUAN L, JIAN T, JIAN Z, et al. Resilient landscape pattern
for reducing coastal flood susceptibility[ J]. Science of the Total
Environment, 2023, 856. 159087.

By, AR, WA, 2. 2y U R T
M ATl DAVCPZ LRI )], E %, 2021, 36 (1):
223 -229.

CHEN J L, HUANG G R, CHEN W J. Towards better flood risk
management ; Assessing flood risk and investigating the potential
mechanism based on machine learning models[ J]. Journal of En-
vironmental Management, 2021, 293 112810.

DODANGEH E, CHOUBIN B, EIGDIR A N, et al. Integrated
machine learning methods with resampling algorithms for flood sus-
ceptibility prediction [ J]. Science of the Total Environment,
2020, 705: 135983.

BT, W, FET InVEST AR fy [ = ff DX i I e 55
TEAS i i sfemg [ ], KUselE#k, 2021, 28 (7): 10 -16.
WA E, BRTR, TR FREAE KUK BEAS (AR AE S AT
[J]. MR I E 24 ( A SRFHERR) , 2014, 30 (2): 99 -
106.

BEot, W AT, WIS AR - Bl R E
W T ——Lh T DA ai o fl ()], R4k,
2021, 39 (15): 124 —134.

RAFIEI - SARDOOI E, AZAREH A, CHOUBIN B, et al. E-
valuating urban flood risk using hybrid method of TOPSIS and ma-
chine learning[ J]. International Journal of Disaster Risk Reduc-
tion, 2021, 66: 102614.

CHEN W, SUN Z H, HAN J C. Landslide susceptibility model-
ing using integrated ensemble weights of evidence with logistic re-
gression and random forest models[ J ].
2019, 9 (1): 171.

FRhE, PRAUR. BRI G RS RE[T]. MBI,
2017, 72 (1) . 116 - 134.

BEEIT, W BRI AR RE TR M s )R
[J]. #uFRAFST, 2022, 41 (2): 341 -357.

GAO J B, GUNN S R, HARRIS C J, et al. A probabilistic
framework for SVM regression and error bar estimation[ J]. Ma-
chine Learning, 2002, 46. 71 —89.

PRADHAN B. A comparative study on the predictive ability of the
decision tree, support vector machine and neuro — fuzzy models in

Applied Sciences — Basel ,

landslide susceptibility mapping using GIS[J]. Computers and
Geosciences, 2013, 51 350 -365.

ELITH J, LEATHWICK J R, HASTIE T. A working guide to
boosted regression trees[ J]. Journal of Animal Ecology, 2008,

77 (4): 802 -813.



192 K oE 37 %

Hybrid EWM - TOPSIS and Neural Network for Flood Risk
Evaluation of Xiamen City

LUO Ziyuan', TIAN Jian', DING Siyuan', WANG Ning'”, ZENG Jian'
(1. School of Architecture, Tianjin University, Tianjin 300072, China;
2. Xiamen Urban Planning and Design Institute, Xiamen 361012, China)

Abstract: Based on Multi — year rainy season remote sensing images, a frequency — based inundation map is
produced. The EWM — TOPSIS model and the neural network model are integrated to evaluate the flood risk of Xia-
men city. The EWM — TOPSIS model is used to evaluate the flood vulnerability and risk exposure, and the neural
network model is used to simulate the flood hazard of Xiamen city. Results show that: (1) Although landcover and
precipitation contribute significantly to hazard, not all factors perform effectively in Xiamen city’ s hazard assess-
ment. (2) The total accuracy of the neural network model is 0. 885, proving the frequency — based flood map
could obtain actual risk mapping with well — performed regression accuracy. (3) 29. 1% land of Xiamen City is un-
der high vulnerability, mostly distributed in areas near the riverway and far from roads. 38.9% of Xiamen City is
under high exposure, mainly in Tongan District and Xiang’ an District. 56.7% area of Xiamen City is under low
flood risk, yet5.9% is facing high risk with 1. 8% facing extremely high risk, mainly in the Xiangping block and
Xike block of Tongan District and Maxiang county and Xindian county in Xiang’ an District.

Keywords: hazard ; vulnerability ; exposure; geodetector; random forest; machine learning
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Characteristics of Drought — flood Abrupt Alternation and its Effect
on Crop Yield of Yulin in Northern Part of the Loess Plateau

SONG Huimin'*, ZHANG Xueyan®, MA Xin'
(1. Institute of Environment and Sustainable Development in Agriculture, CAAS, Beijing 100081, China;
2. Key Laboratory of Land Surface Pattern and Simulation , Institute of Geographic
Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: Yulin area in the northern part of the Loess Plateau is a typical fragile agroecological environment in
the northern part of China. Based on the daily precipitation data of the crop growth period ( May — August) from
1981 to 2018 in Yulin City, by using the long — cycle drought — flood abrupt alternation index (LDFAI) the trend
of the drought and flood abrupt change is analyzed, and by using Mann — Kendall method mutation test verification
is carried out, and the change characteristics of crop yield under different types of drought — flood abrupt change e-
vents are compared. The results show that: (1) In terms of time scale, the frequency of drought and flood sudden
change events during the crop growth period in Yulin City from 1981 to 2018 was 34.37% , and the intensity of
drought and flood sudden change decreased year by year from the 1990s. (2) On the spatial scale, the multi —
year average drought — flood abrupt alternation index and intensity of Yulin City from 1981 to 2018 have the same
spatial distribution, showing the characteristics of “high in the east and low in the west”. The multi — year average
high value area is distributed in the eastern region, and the multi — year average low value area is distributed in the
western mountainous region. (3) The event of changing from flood to drought had a specific impact on crop yield.
In the event of changing from flood to drought, the unit yield of grain, soybean and potato decreased by 17. 85%
(p<0.05), 16.63% (p<0.05) and 19.46% (p <0.01) respectively. According to the characteristics of agri-
cultural production in Yulin City, we put forward some suggestions on the comprehensive countermeasures for the
drought — flood abrupt alternation to agriculture, including strengthening the management of crop irrigation, opti-
mize crop varieties and enrich the agrometeorological disasters insurance system.

Keywords: drought — flood abrupt alternation; crop yield; long — cycle drought — flood abrupt alternation in-
dex; precipitation; Yulin



