Wit -

R, AR, T
(1. PR A 26 22 R,
PRV S T AE %,
R 2600)

WE: RENARE—ANERNSTEAGLHERLROAERZFEAREABRATEHRE
RAFENBEEREZ —, B3 —NEHARGTEITEAER ST REH REFHR LT, 2+

EREE

m@mARﬂaf

ETH#HRHEMNZ T EZNRBRHRE

IR I

IR HE 266100; 2. HEVEFE RS HE BN SCHHSRR 25 A7 S 1 b =V
WA HF5 266100; 3. FHrEEEUR T KE i

REHPRFRIE ST, WA E

BYh, A3t

ﬂ%ﬁi%%ﬁ%%ﬁ?%%%io$i£%ﬁﬂ%%$mi&&7ZWWJMS#¢H¢%%E%

wm. 2

B, HEEDIRRERA R ENREAR REAALIE, EEbEXEAR

C ARRARMEE L B

RIRSLA Ty R R Ae 7 49 Fmh b, J?.,Liﬁﬁ’“ﬁ"éﬁf&%ﬁﬂ?\*éﬁiéﬁéa#ﬂ:ﬁi%a A4 F#—4 BP

AR, KA EIE S 0 A R
FI%, 3 H AR BAT I Aot Aml K. 4
REESG, sTikmE, £
49238, LA R R

LR &9, it DEGWO Bk hAb B ey R R £ s,
BT RE B R E KT 6 A
T R R E R T 48,

g Ak E R AT £ 0 LR IR 5 (DEGWOMLALE) BP 474

FIB b b
. Re9B A AR R E TR TR 64 BF T R AR

i AR, MATN; £5d L RIRHE % (DEGWO); BP 74 W %

FESES: X43 XHkFRIRAD: A
DOI: 10.11759/hykx20220525002

A 20 22 90 4RR LK, FlHE BRI AR AR
R T K ﬁ%%%%ﬁﬂ%$$#%ﬁ H 4
5 M PR A S DX X e ] T 7 M X A 25 22 3 14 T
%ﬁk%?i?&ﬁ?ﬁ%ﬁﬁgm,ﬁ¢%mm
Filde ) . 3 BB 2R de R A S R ) 95 o XU )
SR | A URE A KB A 5 P B A i XA
R0 T 5 S 2 N A K S A7 22 b ) ¥ T A 3 T
WPES TR (RIS T E U SN, LR
A<, WSRO AT ), A XA U L O
o CPEBEERERE AR ) B8, 2011 2 2020 4
Hh VR T U LR TR R E RiTA 876 1L
L, o RO A6 R B o EE DB S 90% . (A
Wb, AR R I B R A, s XU K
TR EACTRAL, A B UK, X B K
ol A B DR SR BAT E B X
l%ﬁﬂﬁ%k%%ﬁﬁ@iﬁﬁ,%ﬁﬁ%
JiB XUHCy (National Hurricane Center, NHC) H + Juit:
U AR AR B0 X B U K A AR R AT B R A
T ) RH GRS o BB 5 [ SL2H A IR vy 2 4 Sy
(Federal Emergency Management Agency, FEMA), 3
HEAT MR 9 H W By . 2. W IR A A5 T

T EHE: 1000-3096(2023)12-0010-11

VE o P8 77 B G0 9 35 48 2 DA A 8 1) o P e, 3%
] 15 8 iy 2 A ML Sy A T B X B XU R A Y
HAZUS —HM ##(Hazus Hurricane Model) & # Z 1~
WIS ML TR P, Powell 25 H T — Fift 28 JF 5 A4
FPHLM(Florida Public Hurricane Loss Model), f$%
W XU T F8 B DL B A0 SR RS B A A, ) BB KU 48 2R
AT,

UTAER, o R U K 0 R AL A F 9T H 23
W2, FEWATE RIS A IERAE . b [ A4
RV 32 B4 v ¢ Ja 10 5 R O S G pAG
WG VAL AR ES A T P I8 A 1 (A5 5 Bk T
SE, HX TR E R R A YO AR Y. BEE
FEES AT R R 5 RE B IR R G o, 2 AT
A R PR B A I A R X BT VR R AR Y i
PR, $&m TXPAHOCH SR BB . HCF R 2
FERPE | WS | 2R PRI N b X 1) Bl 0 A )

Wi H - 2022-05-25; &1 H i 2022-09-20

W H: R HRBARERIIHHE (71974176, 71473233)
[Foundation: National Natural Science Foundation of China, Nos. 71974176,
71473233]
TEH i
JL7:7|J—J

Gh(1963—), L, MR, =, 1AL, 5
H':ki 554 % &, E-mail: lingdizhao512@163.com

10 HEVERLAE /2023 4E /55 47 % /45 12 3



it

LEEEMIER, TERBIM RV, TEFE 0% I&
LA TR bR, A BEXT R I F R A B 4
T, 20 HE2D 90 AFARLRIK, v AR 2R
BORGET L BUorik P amrk | B gest
ST PR GRS M 5 UCE R ARG 5 AT RS A PE A AR
R, XU F PRI AT IO . s 1k S A K AR
WEMG, BT EMRNTEIKRR, B0
SR T M o WA KR TR B v 2 il
MR P £ RURCER T 22061, A%t EL AR b DX AR AN ] A 7= 24
AU H IR 0 e 55 P A R 1 TRl e g 2
3 3o i 553 1 i ORI 0 M v S e U A
Bi IR I e 17T, 5/ 23 R R IR B K
T30 7 A ATt R U U A R B S v, i
JE T Z AR AEXHIR AL . BERF U ORI E A B I K
CRETEPRIHAE RS . R B RTIR, 7R B A DG
FIrH, 2R R K FE LR S R S
Iz M 353 PR IR R AR ke, X 2 R A 577 U DK g
FARE R 53T BT B0, 3 A5 AR A LA — 2 Ry PR
P, LR T4 TR b 5 B S 25 SR, AT AT e S
SRR R AR R R R 2% . L RRIE 2R & % IR fE IS
PR MESSPE . AU AR R K I8 I RE T 45 5 K E R
PR C G R, BT IR DA e A 4 1T A 6 7 A 22 X6 XL
T TR FE R A O I H
TR 0 J5 vk 5 T, AR GE i 7 i AR B R
AEPUR DT S BERE, SR A B ST AR RO AT 4y
Bratiut ™ weah, A 2 2 ST R KU U E B B
KA FH5ETRZ M\ ER, FIH K F 85 5L
K HHEAFPURNIUAG TR, FREAEANE
mlH: . 2ok . ik . BEgLEN. 12
F 57 2% W o 30 B8 45 48 5 vk 1A T 0 0 R VA T 75 2]
A RAETE R 2ZE R . R B Wi A 27 3 T 4 B S 1)
f& 1% (Back Propagation, BP) , 1% [i] 3 pKi #{ (Radial basis
function, RBF)%AN[R] (AL 2% > Bk i FH 21 R 4
ST R R 82 S B Y A 4 R — e R
J W T LA 2T 5 R LA e T vh 5 AT AT, S K
T T AR A TR AR TR %) LI RN I oY A
I f PR A BP #2828 18380 | SR AT AEAE B BE, S5 A0 AN
WFa e, ZBAART RN, tH 552 BB AS 58 3%
(Y5, D] A T PR MR TR A T e o
YT, ASCERAFRSER T . AR IR S5 |
28R IR BRI KWK e 15 RE BRI O OE R,
AT AR SRR F R I FE AR AR R, IR E A
YEHLARS >) ( S8 H 22 4 AL O F9 2l i) BP

'M@Ammw

M2 AR, i i 22 0y BEAL KR ST RE TS AE BP 4%
MR BME, 245 miese, JHem T 2R
WHES), HE— PR AR U AR EE, O XU
TR A T SR AR TR A BIF L

1 FHkELLAHE
1.1 HAERR

Hh 2R R T T X £ RUBR A, A2 3 R T 1Y)
fRA8MH, Mz X e A\ M8 H 258 h ik
Hu IR, PRI AR AR A D AR 3 TPl 32 R i 2k
ARSC RGN T 2 B T T L X D AT R XU ] Ay
JEE WL AR AR L TR YA Y 2000—2018
SRR A B WURER I I EH, R38R I FRAR I 1)
WM R R A B 2, AR R I R ok
T I, A S MR T o R R R O N,
BAHEFRRAERR, W HBUR GBS, Kb
I e HAR A PR A, AR H A2 A K =5
TSR L R S RSO Bk gt R
W2 AN AR A T O A B4R G T LA A
WIFATER—F, FET I, ARSCAILAEIT 44 4145
PRRFEHRIC SRR T4 1 15 WU I 0 5 B5a e U i
AREFT T . BARTER EEORIET (b BN R EA
) P BB PRI FE AR RSB D DTS5
PRS2 ] XU Rl ) B,
1.2 #HAREKRRGES

A A XU 0 0 I FE R R R IR A TE
B R GE— WIS ARIE o 28 BB G R R
TA T 5 5 o i R T ¢ T %) L ) 2 % 2
FIVPAl, BOTabn BRI T RR R N F 4, R H
ZREFL, WK Z KR, by S5 R,
TR A, fRhniA RE R iU Bl %00
TS AN BIR A, 281U 80K 5 I R
FALk, TEFERIAR R HFE 2R & b KU 5 1)
D0 IS =y N S RN S WA S 3 (9 =
5 EAE NP R XU ¢ 5 (A R A B 4%y i TR 3R
CERTERMSE T, BT AR R 5 AR I AR A i 550 B
KRB AF I FEWBIE, 229 555 H XA Bl H I 5
et R R W EER R, A% kM
HRIARMETI T . R IAEE | By I K RE 5 R K
FERMICER, @R AH ., BN IRARE
A T R K FEBR GBI, . BTk, AUk
B SR 9 FE VAL A AR 5 B P2 R 5 s BRI,

Marine Sciences / Vol. 47, No. 12 / 2023 11



it

MG E . RIS . 2RI | Bl KK fE
J1RE A Fiy L URH LA B A 7SR S o XA i 0 4
RATAEBIFEPR A ZR (I 1),

—{ AR, |

— Ry |

fER

-ﬁ LA IESUTY,

4 ALY,

|
) N
¥ —| krrmERERY, |
" —
5 _/M(Mx}]fﬁfﬁ'r& —{ A 32 XK HIBLY, |
E —{ B LY, ‘
5 =

=X

., — wrombis, |
18 —

P —{ INEE o' |
s | kALY, |

—|  krrmR, |
— wrakmy, |
— sy, |
— sy, |
| BT LB,
T AT IEBUIR

fIELY

CREARTSU P& = i E S SR TR L AN LA

Fig. 1 Storm surge disaster loss assessment index system

(DFERE . KRB GBS T 2 T KRR T Y
AR, ATREE RN BT, SOE U R | B
BERER, AR RSCH] . XERIE (B)K | R R S8
W BE A EER AT R RN B R G AR e
ARG . BRI AL, PORERUE, &
DR il 64 Foe R KU 4 A

QRIS o X 9CE R KAR AL 6 3%
B R FE N W LA A A Ak 2 B R, 1)
WAL A . R AL k. SR, FhiE
Ve BT i A B [ 5K 9 T A ALk
PRAE ) I o Mpt 2 2 R S i, i XUBR
T FEIET SREEARC B L Z 4N 0, NItz
FRVRAE B8 o MG R HE 1y ] 3RAT 1, A SCE
RN K IRIEZ KA . AR Z K b2
P M RS iR TR 6 DMER.

) H@ART/CLE

QYK , KA FLAFEANE AR
5, N SCESE 7 1 B B R B0 A9 S 1 AR R T I b X
NV ERERE A H R DL S OK P2 FRFE 0 & e, ik
BON TSR A AR AR . K™ SR 58 1 AR =445
bro fF H SR IRIE J7 1R 2R 48 P b3 S5 R, BEHR
HEIESE S8 L [ e

(4B KIS KBTI o Bl FIK e A3 R By
KT RRER R ERORE, XERKEE -2
B2 M 1 4 E 2 2 T & R LA S s it A RS2
LR B 5 B RS I RE 1 I R DL B 1 S R,
AR ST UM A OO . M XA 7R L BT AR
MU B UL S T NP8 AN RO B S 5 b o
1.3 HEMLE

F T XU 0 0 E B R T I AR SRR i £,
If HiX S48 br [+ 5Pk i B R PR AAHIA .
THEBRTUARAR B, B AS B  A 3L, T EEXT 48
PR 2EAT HE— 2 W0 o ZE XSS AR AR R () A B
A 2B R B 2RI PO ik ok Ay
BEA TR, (2 S & B pR B B 1 LA S 2 IR o B e o
BB ZAT 0 7 A — 8 R AR T o ok
B2, T EA R i S . PR AR SR
0 {325 50 o IRV 0 o 41 A ) 45 T AR B i A7 AR T
WA VA X T 15 B 0 S8 AR, RE AR 5 48 B 1 AR X
AR AL TR B X AR 1) 2 e B LR S TR 6 AR AL, AR
B, DUk LR R, DL O 8 H e XU 0 i
Jer b LR E AR IR R, VR A d A S & A
BT R EWRAUT 5, RE A 8y
=, HILEREW. S BRINT:

() E bR ifEAL

T 40T 1045 2598 o Hoot & B A7 e ST, 7
PEATRERI TR, 75 JC X 48 b 09 R i B A 1A
—AbAb
z = xi’_mln(_)cj) =1,2, o m=1,2, ... n). (1)

max(xj)—m1n<xj)

Koz R 5 R 8 B
x; A IEARTE, max(xj)\ min(xj)ﬁjkfr'JﬁiZ%*/ﬁﬂ/‘J%
KA N e /IMHA o
Q)IFFAESE j s bR R 58 i AT 5 9 L
__ i
VTS,
Q) j Wi bR e

,(=1,2,...,mj=1,2,...,n). 2)

12 HEVERLAE /2023 4E /55 47 % /45 12 3



WL
e;=—ky I P,n(F). (3)
P e .
ﬁ¢'kﬁqm>0’%ﬁ%20
(5 j SRR 1E BB TR BE d:
di=1—e. (4)
(ST FEFR AR AH wy:
dj
W, = (5)

LoYad,

I AR, RHEAREATIRAL, SRR 1 PR,

x1 ERETHHE FREEAREURNERE

Tab. 1 Entropy value, information entropy redundancy
and weight value of each index factor
k3 Wiflie, RAIIAED  BEw,
X, 0.9542 0.045 8 0.0151
X, 0.890 2 0.109 8 0.036 2
X; 0.977 1 0.022 9 0.007 5
X, 0.968 1 0.0319 0.0105
Xs 0.8753 0.1247 0.041 1
Xs 0.853 6 0.146 4 0.048 3
X7 0.789 8 0.2102 0.069 3
Xz 0.1937 0.806 3 0.2659
X 0.842 4 0.157 6 0.052 0
Xio 0.764 0 0.236 0 0.077 8
X 0.926 0 0.074 0 0.024 4
X2 0.3545 0.645 5 0.2129
X1z 0.956 4 0.043 6 0.014 4
Xia 0.982 6 0.017 4 0.005 7
Xis 0.8853 0.114 7 0.037 8
Xis 0.904 1 0.0959 0.031 6
X7 09143 0.0857 0.028 3
Xis 0.9359 0.064 1 0.021 1

i E R 2 S 25 2R AT, 8 AR A E i K
FVNMERFRT 10 BHTRISTRCR BT 87%, i,
IG5 Xy RAEW AT AR Xy T
P Xy, RHZ R X, MR8 X, K755
BHAZ IR X5, 2RI Xs BT X, b7
WA X5 HB DX AR 7= BE X6 55 10 D ERARTE N HEE
LEGOET NG o

2 AR I
2.1 BPAHZMLRHE
g AR, David Runelhart 28 A B84

) H@ART/CLE

T PR SRR ORI T IR AR B —Fh 22 2 i 5t
W2, FAHAA I R AL 4 IE 1) 3R AR A S 1) 3
PIAR Y, L X P A R ) SR R SR N G ),
T AR A (D22 ZER L. BP 446251
I = A A, BIRIAR G JEA HE
(E 2), REZEATLCH RS Z R, 24 TR,
FUR BRI ROT LA DL E . BP i
25 A A2 2 ZR AR L0, S AR RHIE(E 2
B 2 A TR0 i 1 D B (EL, 5 g o B T R A
AE IR B WUE BERE MRS BE, U2 FUI 5 o o7 e
T BT ARR AR 22 . BRI S8 s B R
[ AN B 1) ) i — SR AL, R AR5 2 B A R A
LA e o RS B R B (L, TR B 10 A 1 72, i
X AR R AT UG, RSB AR

sz

Az

i )z

X(n)

/2 BP HZEIR 2 M B SR
Fig.2 Structure of BP neural network with single implicit layer
B R 585 12 2T B, A )FE R 0 B
B, WO s sErE, Wl #oR 112 A zeE]
12 iz e E, oV % e 82w, 2V
Formzoeikas, ok 1R IT I,

A0 — (D070 4 p(0) , (6)
a(l) =f(z(l)). (7
DL J5 iR 25 E R R iR A
Lo
E= 5 a yH . ()

a\) W YNGR A ST IR s, v IR
iy R RS R

5(1) _ (a(l) —y @f’(z(l)), 9)
oF _
ORLICE (10)
i
OE (1
Eixjy-55 - (11)
b MR

Marine Sciences / Vol. 47, No. 12 /2023 13



WL
&”_kWW“UTﬂ””<3f(A”} (12)
OF ) (1-1
RIS (13)
i
OE )
a0 o

2.2 DEGWO kB

JAREL B (Grey Wolf Optimizer, GWO)Z7E 2014
RSN —FP s BB, EERLT KRR
MRS 8, AE M B S T KR4
Gy 2 IREE . WRBIAEGE Y SEY, Gwo
BRSSP RE T SR, SRS, HRIERIRE
F ) LA A 25 Bt B A Jm AR B %) ) R, 2243 1F
{b 3 15 (Differential Evolution, DEE —F#EL i1 4= 4y
HEAL A, REAEE AR R | 28 SR B A F AN I
ik, f %A, ¥ DE BikS GWO B4 S,
B 22 43 ME AL K AR 343 (DEGWO), Ml k4 GWO
LB G, R R REE ) . g R E
DE Bk ZE | BB R R 20k, I
HAER GWO FL BRI G RT3 B AR pREE, 2E
RAC = ME . B 6, P E R H A AR A Y
AL, SRJGFI T DE 958 SORIE £ 348 T 3 T A IR
PE, BN Bk A H AR,

[ o\

K3 KRR )2
Fig. 3 Social hierarchy of GWO

SR ) FLR St A0 R B i e

(1) B 2 AL S TS5, FRFRLEL W,
B RIEACREL ta, I EIEH ub . 1b, ZZXHEFE CR,
A AT F R, MRGEE D,

QMRS E a, 4 F1 C, ISR EHFERAE
B G A AR FPHE

Q)R AR B bR R EUE, Ik w4
K:a, B. 5,

WOHFEHAKBR S o, B, & BB IFERAIE .

G)VEHSH a, A A C BWIME, AL E TR
SRR, R AR A A B AR R AU .

) H@ART/CLE

OFHra. f. 6 BLLE.
(FNWT AR I B e RKIEAREL tonans 702, BIIES
R I N R U o (8, I, 013 (3)4RLE AT

| IF i |
v
[ REZENEEMCESE
y
| %Hiléﬁté}fﬁla\A\C |

SIAR S WEEEER IR
ﬂﬂf(iﬁﬁgi
VIR AT B IRk
tHa, p. 6

—

)
| E%Qﬁﬁ%ﬁﬁﬁﬁl

| Pa. A. CE |

y
| il\ﬁ%FE%¢WI

BB AT IR 18
e, p. L
N I

T EEEHEAGEIE

I £
| wERiaE |

>

K4 DEGWO Sk iife
Fig. 4 Flowchart of the DEGWO

2.3 DEGWO-BP # 4 W 4AE R

BP W45 (45 55 R (a7 5, YISt BB AR FE XS AL
(ECFN BIE A R TR 4, O 55 S8 BRI R 254
FRAETRT B, E B0 T 00 4R A 3 (8 %) 55 50 4 g
(R RE R, WSRATS ABE AL Yy 2R IR B A AU L 1
(B, DI Zhah Tk e DL BE G 3t 72 £F B B A Ja 3 e 10 45
Bl F Tk, ASCRH H DEGWO Bkt 45 348, K
WA I EE N BP M KL R IR AL . B,
JE 1% DEGWO-BP YII 2 A, Dk — 25 45 T [ 28 M i,
SOARBRAE BP P28 00 24 38 3k BEAIL Ak A0 L AS(E R (5
BRI AR e PE2E . 5 B N SR dee 0 55 Il R

PR L R

() FE 8 (L 32 0 500 2047 A B, O o 1
AN ZWREE, IR R AR I 2R 5 A4

(2)IXE BP M5B & 24, Ao, i
KEARWREL. BIRiREAE ., % REMHXSH.

(3)¥&H DEGWO Fik, B fie w1 i AU A1 )
{HIF AT

14 HEVERLAE /2023 4E /55 47 % /45 12 3



it

(4RI G AR A i A JZ 5 AR 2% v 471 5,
DAL 28 TFA0 2% Dy E— i 1
(5) ML EE AT PRI

T I LN A AR
iRy Bt B R R
FFIRE FBPM 4

78 W2 A BP 2 W % 1 25

i
T AKE FESIS P2
DEGWO-BPHR!
Mzt

S 2 R

&l 5 DEGWO-BP 57
Fig.5 DEGWO-BP model

3 ERAM

AR SCRFEA N B ) 44 A0 S 5Oh 52 5 K 22
R E, HTREARERN, FE IR ) 5k A B
SRR G ENUIZRER (4 DA FIINALE (40 DHEAR),
el FH U1 25 58 10 0000 ke WP RSB AT I 2, DA 4 ok
B UE R AR RKCR, K IR A T B 4 R 25 3T (LA Sk B S
s iz ki 2s . R, ASCLUHXHR 2 E, flde
TERE R E PR R AR, HO AR

_ |y;_yi|

E =1 (i=1,2,...,n). (15)
Vi

2
(nY vy = Y )

R =

T (S i) | i () |

(16)

Hod yn 5y 3 BIACEER § ANREAS B TR RN B S

n N EREA L FEX TS bR R, E, 8N | R AE HE
WA T 1, BOEIPERERRAT, 2, BRI RER2E

AL MATLAB 2019a 36, #5ERRI T

BP & M 25 & 53, sREUE LR net=newff(inputn,

outputn, hiddennum, {'tansig', 'purelin'}, 'trainlm'), H:

) H@ART/CLE

SE R R AE . RE . R RS ITE
i N2 i R AL pR R U1 5 pR B 812K MR EL(MSE,
itk Ens):

n _ 2
EMS:Zi:I(yi 1) . (17)

n

VRS A FEAR I TONAE v, R i FEAR R FLSE; n
Ry RREA IR BT epochs=1 000, 2% HE 4 0.1,
Y25 H br /MR 2 0.000 01, % A JE T AUBURHE 1T SC
P (0 o B AR B H m=10, B 20 s 8
=1, REZERN 1. BEZEM %0 ORI A X
h=(m+n)+a, a€[1, 10315 N4, 14]. R4 &
A o A, A S I AR ks BUE Y L R 3,
20], BRI ZYGETT, RUGHR A& T H
N MSE fH, SEBGZAE S/ 19719 5 B Ry S5 I 09 49 a5
. W FEEEREEMZIC O 12, G045
RAnE 6, TSR 22 AL OR B, HAR R 4E
JEH D=m-h+n-h+h+n I8 D=145, KM
REHIFAE D, WIHF R IS R 10, K
BB tmax=50, L 7 (038 1 B AR il 28 7T LA
A i, DEGWO Bk Ak i) BP BRI Sl 4 T

34 5 6 7 8 9 10111213 141516 17 18 19 20
B )2 R
K6 B2 miaie i

Fig. 6 Hidden layer node number optimization

0.05- DEGWOLLBPIE ) 5 i 2k &
0.04}
o 0.03
i
0.02}
0.01
0 10 20 30 40 50
AR EL

Kl 7 DEGWO-BP #fi £ W 4% 3 i JiE
Fig. 7 Fitness of a DEGWO-BP neural network

Marine Sciences / Vol. 47, No. 12 /2023 15



it

Kl 8. & 9. & 10 435 BP %  DEGWO-BP
BRI e 5 A LA 5 5 . BT LA 3R,
FEMEROR F IR IR 24, TR
FLHTHY BP #2245, Zead 25 7 iE Ak IOR S 2 ek i
LD F 0ty £ B iR T E SR fE, JF HO a4
DEGWO-BP #AU{fF BP AT B i . DEGWO
R ARE i BP s N 45 rpoll R4 1 T R T A
BUE AN, KZEERRE U0, A B2, AR ik

Sy T B AT e JE ) DEGWO-BP [1l )5
oI A Y 2 7 7 XU I T A A S50 O D B 2 G
Mk, AR SO H S R IR BP B2 LAY, 4y
S5 DA VNN 5 4 5 00 3 2 A AR T 349 135 25 DA B e 52 R B
R* WA A BE AT LA, S5 2 iR,

BP Il 24 Tt

150

—— FYA
—a— BPHil{H

R

;g 100 |

K

:[J\E_{

sy

Ny

2

m S0f

0 5 1I0 1I5 2I0 2I5 3IO 3IS 4IO
PlEREZS
Bl 8 T BPNN A XU I 9 4 2k I 2 Tt
Fig. 8 Prediction results of storm surge disaster loss training
set based on the BP neural network
150 - DEGWO-BPJIl Zx STt

—— FLYH )
—o— DEGWOBPTiiilfE

0 5 10 150 20 25 30 35 40
DIZrkEA
E 9 3T DEGWO-BP A4 JXZ8 i 7¢ 2 151 2 Il 2 A Tl

Fig. 9 Prediction results of storm surge disaster loss training
set based on the DEGWO-BP neural network

) H@ART/CLE

40 - WA T
—— HYYH
—e— BPTI{E
—o— DEGWO-BPHillill {
1S 30
N
7?\’
51‘:?:
B
X 20p
s
f
[
10
E
1 2 3 4
HIFRYEZN

B 10 5 4 T &5 SR X} kb

Fig. 8 Test set prediction results comparison

R2 BHAMRERIER

Tab.2 Result comparison before and after improvement

ok AR 2Z I (E Ve B R
s g WdE UG
DEGWO-BP  0.181 0.269  0.93365 0.98578
BP 0.398 0.350  0.759 38  0.954 08

2 SRR, KGR BP BURIAN IR 22 H9(H
WK, MLt DEGWO kA1) BP i 25 W 28 Hl i
SERVNZRAE BRI RTR 22 H 5358 0.181 F1 0.269, 1
A AR T T B BP M4, HoApiE RBOR IR, A1)
J& DEGWO-BP 128 24 iy il sl R dedig, HARAE A
TS (ks 228003 50 0.933 65 F110.985 78, A FE
R, AR 0 LG ECHE i 4B AR SR i

R3 TRFZEHERILR

Tab.3 Comparison of the results from different algorithms

P HAXF 5 22 (i Ve Z B R
U= SO IIE7 s S SO IE S S
DEGWO-BP  0.181 0.269  0.93365 0.98578
RBF 0.564 0.786  0.624 53 0.71625
GA-BP 0.432 0.756  0.73870 0.727 67

AT AT S A 2 K i 25 I 285 )k I 1) 0 4t ok
R, Sy T 2P Uil DEGWO-BP #2845
T JRER 8 U F A TN b A A, AR SCRE R L
58Iy 2 B AR WIS W L () RBF #2890 2%
I 35 4% 315 (Genetic Algorithm, GA)EALE) BP
R (GA-BP)#EAT HL# . RBF 148 W 45 20, 5 B B
T2 1 = 2 0 o P 2 N 2%, HL A SR AU )
2 2 B), XA A A A 2K il o 5 52 K B Ak )

16 HEVERLAE /2023 4E /55 47 % /45 12 3



it

e e a), TR RS A 2t AT 4y, OO R AR
W N

R(xp,cl-) = exp[—ﬁnxpci"zj ,i=1,2, ..., m. (18)

X, W p MAREAR, ¢ BH iR, ofn
FIZEH 0 S SERE, m A B 2 ), gt AR
F{fi Fl MATLAB “F 4 1) nwerb R 7 RBF #145
R2%, BEiR 22 HARN 0.001, f RS 5S4 % 40,
PR 1, WK BRZERMEITECR 1.
WL (GA) AU A SR BB Fs (L A WL B Py
AL FE A TSR AL, AR () B H R ek O 1
— N IEAE PR, XA 2 A A S AR R T O
fili L LB PR, St 2B, PRATE NV AE
TP A AR SR Il B A2l S B HE GA 57
PRI PRI A 10, FHRER B 100, 38 SUA%
R 0.8, WEHER 0.1, BP R4/ W25 45 44 15 8 Ry
10-13-1, HAASHC R BP FRAIR 8 —5,

¥ DEGWO-BP 5 T il 14 58 -5 A [ (1) #f 22
I 28 5 70 (RBF) S AN [R] 9 L AR 5301 (GA-BP) 17 L AR,
M3 AT LA, ANUFEA R 25916 )7 1) DEGWO-
BPAEAL(0.181) A E B T RBF #%1(0.564) il GA-BP
A (0.432), FEDLE REIXT L H, DEGWO-BP 57!
(0.933 65)AY4LLA TR L T =5 T RBF H74(0.624 53)l
GA-BP #i71(0.738 70).

4R RSG5 5, DEGWO-BP 145 [ 4% 5 I 7 X
TR0 I F A T Ty T S AE e A% v A AT ERLAY
BP 4 (255 DL IR e 22 . 5 B A R dee AL S )
R, O IR A e T A i B A T — 25

N

i
all}

o

=
L

w

IR T ¢ — LR 0T v ) s 5 e oAy 7 OV T
P2, Xk KR I 1 B U A I D) O R #
VR ML X T 2 2 B B T RS R R . AR SGE
4 DEGWO-BP 125 [ 2 A5 8 A 350 T4 o KU 1 K
FEPR T EE Sy . WL AESE, 5 LU 458

(2253 AL IR R B3 (DEGWOMI AL iy BP #j148
DR 2 3000 A5 75 XoF IR 5 0 0 3 0 S P O R R A
AR SO SRR Ty S 11 IR ) O E R DA
PRk 72, MR 6 b CHE AH W B8 08 OF iE AT WAL B, A
ZARPEA T T X KR E R ALK 10
HETFAEN A, )5 DEGWO L3R
BP #1228 i e LRI IR AL . IMA, 5 EE DEGWO-

) H@ART/CLE

BP #i & 4RI BEA T 5. k5 i) DEGWO-BP
By il T BP B354 2 B A Rl s AL i B, 76 XL
] O B 2 B AR OOV v, A EE A AR
TR

QAT Ay AR ) 9 400 2 B PPAG 4L T 3 1%
BEEEMAAEAN L. ASCIEH#L DEGWO-BP fi#l
R E — 2048 M R PEAN R AT SR, XU 0 S5 A
K FEPR ML T — & S% A2, T HuE
VR I B A Oy T e OB 1) S B BT AR A, T
FH R HEATREAS I AN B AR B, R 3 2R 1Y
UINAE o AT A 4 v s R, A T B Ak — 2B T i ke A
B (IS B R Ak B

& 3CHk:

(1] S KBRS M]. et Blesd i, 1982.
LIN W H, CHEN L Q, YU W, et al. Radioactivity impacts
of the Fukushima Nuclear Accident on the atmosphere[J].
Atmospheric Environment, 2015, 102: 311-322.

[2] POWELL M, SOUKUP G, COCKE 8, et al. State of
Florida hurricane loss projection model: Atmospheric
science component[J]. Journal of Wind Engineering
and Industrial Aerodynamics, 2005, 93(8): 651-674.

(3] VPR, MR XRERE LTI I 5 ).
HEREIEAR, 1998, 17(1): 1-12.

XU Qiwang, TAN Shudong. Research on the method of
evaluating the economic loss caused by storm, surge
disaster[J]. Marine Science Bulletin, 1998, 17(1): 1-12.

[4] A%R, XHRE, EFA. KR UK H &R 5 brifk

Ll AR oy B (0] A SR 9 “E 4, 2015, 24(3):
161-168.
SHI Xianwu, LIU Qinzeng, WANG Yuxing. Gradation
criteria of storm surge disaster and their applicability
analysis[J]. Journal of Natural Disaster, 2005, 24(3):
161-168.

(51 Mgk, SBIRT, fif e b R K 3 B 2R PEA 9T 45
R[I]. MEEEWITEE R, 2021, 43(2): 67-73.

XIAO Rushui, GUO Peifang, XIE Xiaoru. Theoretical
research of storm surge loss assessment[J]. Transactions
of Oceanology and Limnology, 2021, 43(2): 67-73.

[6] 2. ARRFREAGHITE S SR IE R[], HiEk
BEEHERE, 2010, 25(1): 22-32.

YUAN Yi. Advances in the assessment of natural
disaster situation[J]. Advances in Earth Science, 2010,
25(1): 22-32.

(7] SBEE, AEEE. BT 5 uErE R R 77 0 6 XX )
RFE TR R A 2 (9], B AR R F 4R,
2020, 29(1): 123-130.

GUO Tengjiao, LI Guosheng. The optimal analysis of
the impact factors of economic losses due to typhoon

Marine Sciences / Vol. 47, No. 12 /2023 17



[10]

[11]

[12]

[13]

[14]

[15]

18

it

storm surge based on confirmatory factor analysis[J].
Journal of Natural Disasters, 2020, 29(1): 123-130.
REL, BT, R K 2 U AR ORI i —— UK
FEW R BIT]. A E L2857, 2009, 27(4): 105-109.
ZHENG Hui, ZHAO Xin.
economic loss by marine disaster——a case study of

Fuzzy assessment of

storm tide disaster[J]. Chinese Fisheries Economics,
2009, 27(4): 105-109.

PGS, AT, T D20 B0 4 T DX T 9 4
KA ——LI R R FI[T]. MR, 2010, 29(6):
697-701.

SUN Ruijie, ZHAO Xin. Appraisal of ocean disaster
losses of coastal area based on the factor analysis—a
case study of storm surge disaster[J]. Marine Science
Bulletin, 2010, 29(6): 697-701.

BRVEAR, B, AR, B IE AL 2 25 R T
fEFFELI]. TR, 2012, 31(6): 835-837, 842.
YIN Kedong, WEI Qian, LI Xingdong. The evaluation
techniques of the socio-economic loss caused by storm
surge disaster[J]. Marine Environmental Science, 2012,
31(6): 835-837, 842.

Fabng, BRI, BEE, . MBREKEZRKADSH
BT HURVPAL T B HERET]. LI a4 (A
SRFIR), 2015, 51(3): 58-63.

WANG Zhiqgiang, CHEN Siyu, LV Xuefeng, et al. A review
on evaluating hazard-affected population and direct
economic losses by storm surge[J]. Journal of Beijing
Normal University (Natural Science), 2015, 51(3): 58-63.
WL A KR O RFFEBE . VL4 KR A By i 98 K
REFI VAL R]. BUMN: WiVLA KA L BFSEBE, 2007.
Zhejiang Institute of Hydrulics & Estuary. Zhejiang
hydraulic engineering flood control and disaster
mitigation capacity assessment[R]. Hangzhou: Zhejiang
Institute of Hydrulics & Estuary, 2007.

AR, IR, XS, 55 WU I H KUK EAG A
FELEIR[T]. HiBREL2E PR, 2013, 28(8): 866-874.

SHI Xianwu, TAN Jun, GUO Zhixing, et al. A review
of risk assessment of storm surge disaster[J]. Advances
in Earth Science, 2013, 28(8): 866-874.

EFRE, SR TR, AECH R A R R RS e A i
9 WU TN B ST [0]. H AR 9K 2431, 2016, 25(6):
34-41.

SHU Heping, QI Zhi, NING Na, et al. Risk assessment
of debrid flow disaster: a case study of Wudu District in
the south of Gansu Province, China[J]. Journal of
Natural Disasters, 2016, 25(6): 34-41.

ZEHA UK, TabR, X0, T e AR I AR g
5 IF AR OB Y —— LA EE PR R[], VLR
IR 5 IR, 2019, 28(6): 1502-1510.

GONG Yanbing, XIANG Lin, LIU Gaofeng. Study on
flood disaster loss prediction based on gaussian process

[16]

[17]

[18]

[19]

[20]

(21]

[23]

[24]

) H@ART/CLE

regression model: a case study of Chongqing city[J].
Resources and Environment in the Yangtze Basin, 2019,
28(6): 1502-1510.

INRSE . REVAE AT N A S 05 R[], s R
kR, 2001, 20(2): 122-130.

SUN Shaocheng. A study on the contents and methods
of disaster assessment[J]. Progress in Geography, 2001,
20(2): 122-130.

NI, BRAR, XRAE BT 3RS 40BT S RBF il 19
2 WA B R 0 A T (0] B BGE ), 2014,
30(9): 13-19.

YE Xiaoling, LIANG Wei, DENG Hua. Forecasting of
typhoon disaster loss of Zhejiang Province based on
principal component analysis and RBF neural network
model[J]. Bulletin of Science and Technology, 2014,
30(9): 13-19.

WESE, X5k, 3T KPCA-RBF B KRR E
SRR B[], WEEREE, 2021, 45(10): 32-39.
YANG Xuexue, LIU Qiang. Economic loss assessment
of storm-surge disasters based on the KPCA-RBF
model[J]. Marine Sciences, 2021, 45(10): 32-39.
MITEE, PHER. JET BP MM A VSM I 5 KUK
FERFWRIEAG[T]. KEE, 2019, 34(1): 22-26.

LIN Jianghao, YANG Aimin. Economic loss assessment
of typhoon based on BP neural network and VSM[J].
Journal of Catasrophology, 2019, 34(1): 22-26.

paE, X5, T SSA-ELM BRI £ KUREE I 0 %
PR BUEAL )] TR, 2022, 46(2): 55-63.

HAO Jing, LIU Qiang. Pre-assessment of typhoon
storm surge disaster loss based on SSA-ELM model[J].
Marine Sciences, 2022, 46(2): 55-63.

e N RCIERTE [ AR BEIEER. 2000—2018 4F Hh [ ¥
P9 % M [EB/OL][2021-04-27]. http://www.mnr.gov.
cn/sj/sjtw/hy/gbgg/zghyzhgb/.

Ministry of Natural Resources of the People’s Republic
of China. 2000-2018 China marine disaster bulletin
[EB/OL] [2021-04-27]. http://www.mnr.gov.cn/sj/sjfw/
hy/gbgg/zghyzhgb/.

JUARE AREBIT. 2013—2018 4FJ REAMHEREL
4 [EB/OL] [2021-04-27]. http://nr.gd.gov.cn/gdlr_notice/
2/content/post_2644380.html.

Department of Natural Resources of Guangdong Province.
2013-2018 Guangdong marine disaster bulletin [EB/OL]
[2021-04-27]. http://nr.gd.gov.cn/gdlr notice/2/content/post
2644380. html.

I"HREBGIR. ARSI %[EB/OL] [2021-04-27].
http://stats.gd.gov.cn/gdtjnj/.

Guangdong Provincial Bureau of Statistics. Guangdong
statistical yearbook[EB/OL] [2021-04-27]. http://stats.
gd.gov.cn/gdtjnj/.

Ha ARG S50 R, 2011—2018 4 6 HE 48 W T 5

TETERL /2023 4F /5 47 45 1 45 12 3]



[26]

(28]

[29]

[30]

it

FE /R [EB/OL] [2021-04-27]. https://hyyyj.fujian.gov.
cn/xxgk/tzgg/.

Fujian Provincial Bureau of Oceanography and Fisheries.

2011-2018 Fujian marine disaster bulletin [EB/OL]
[2021-04-27]. https: //hyyyj.fujian.gov.cn/xxgk/tzgg/.
WHEB SR, WESITFLE[EB/OL] [2021-04-27].
https://tjj.fujian.gov.cn/xxgk/ndsj/.

Fujian Provincial Bureau of Statistics. Fujian statistical
yearbook[EB/OL] [2021-04-27]. https://tjj.fujian.gov.cn/
xxgk/ndsj/.

WA HARYEIEIT. 2011—2018 AEWITAMFFER FAR
[EB/OL] [2021-04-27]. https://zjocean.org.cn/oceanswindow/
bulletin.

Department of Natural Resources of Zhejiang Province.
2011-2018 Zhejiang marine disaster bulletin[EB/OL] [2021-
04-27]. https://zjocean.org.cn/oceanswindow/bulletin.
WA SR, WiiLEEIH4FE % [EB/OL] [2021-04-27].
http://tjj.zj.gov.cn/col/col1525563/index.html.

Zhejiang Provincial Bureau of Statistics. Zhejiang
statistical yearbook[EB/OL] [2021-04-27]. http://tjj.z].
gov.cn/col/col1525563/index.html.

R A N R BUN. R 48T 4F % [EB/OL] [2021-04-
27]. http: //www.hainan.gov.cn/hainan/tjnj/list3.shtml.
People's Government of Hainan Province. Hainan statis-
tical yearbook[EB/OL] [2021-04-27]. http://www.hainan.
gov.cn/hainan/tjnj/list3.shtml.

THRIL, HEIA, Mk, S bR KRR R
(1949—2009)[M]. dtET: W At 2015.

YU Fujiang, DONG Jianxi, YE Lin, et al. Collection of
storm surge disasters historical data in China 1949-
2009[M]. Beijing: China Ocean Press, 2015.

FASCTF . b DR OB AR 8 PP A AN AR T (7]

AR I F2EHR, 1995, 4(3): 40-45.

LU Wenfang. Assessment and year prediction of tropical
cyclone disaster in Shanghai[J]. Journal of Natural
Disasters, 1995, 4(3): 40-45.

VR, ke, HARREBRITA: BEEHEL . M5

ZHI]. B AP AR Z TR, 2017, 34(8): 137-149.
XU Xian, ZHANG Yu. Natural disasters’ loss assessment:

framework by the Unite Nations, Remarks and case
application[J]. Journal of Quantitative & Technological
Economics, 2017, 34(8): 137-149.

[ G VE JRy . AU T R BT Al i X 0] 4 AR = I [S].
bt ESHEEE R, 2012.

State Oceanic Administration of China. Guideline for

risk assessment and zoning of storm surge disaster[S].

[33]

[34]

[35]

[36]

[38]

[39]

) H@ART/CLE

Beijing: State Oceanic Administration of China, 2012.
WA, PRET, FZ2, 4. T 20 45 R TV Hi X X2 0]
REMEITHEIEM[T]. MR, 2011, 31(9): 111-117.
TAN Lirong, CHEN Ke, WANG Jun, et al. Assessment
on storm surge vulnerability of coastal regions during
the past twenty years[J]. Scientia Geographica Sinica,
2011, 31(9): 111-117.

By, R P URE I E 2T I R ORI BT
M. SEEHE, 2000, 20(3): 360-366.

FAN Qi, LIANG Biqi. A fuzzy mathematics evaluation of
disastrous economic losses caused by tropical cyclone[J].
Journal of the Meteorological Sciences, 2000, 20(3):
360-366.

RS, B, W, . INAREWEE AR KR EFELGE
FERAMEEARRT ()], W TERLE, 2018, 42(9): 55-63.
GAO Song, ZHONG Shan, LI Yaru, et al. A compre-
hensive study on the hazard assessment of marine
disasters in Shandong Province[J]. Marine Sciences,
2018, 42(9): 55-63.

I, SR8, P, T UGERE DR A XK
TR PEAE[T]. K E, 2017, 32(3): 7-11.

WEI Jinzhang, MA Hualing, TANG Danling. Trend
assessment of typhoon disaster based on the improved
entropy method[J]. Journal of Catasrophology, 2017,
32(3): 7-11.

RUMELHART D E, HINTON G E, WILLIAMS R J.
Learning representations by back-propagating errors[J].
Nature, 1986, 323(6088): 533-536.

OSOWSKI S. Signal flow graphs and neural networks[J].
Biological Cybernetics, 1994, 70(4): 387-395.
MIRJALILI S, MIRJALILI S M, LEWIS A. Grey wolf
optimizer[J]. Advances in Engineering Software, 2014,
69(7): 46-61.

SOBTHA, TRam, FER, S RIS 220 iR G
2 M REURAL ). TR, 2017, 44(9): 93-98, 124
ZHANG Xinming, TU Qiang, KANG Qiang, et al. Hybrid
optimization algorithm based on grey wolf optimization and
differential  evolution for function
Computer Science, 2017, 44(9): 93-98, 124.

U, Bk, FETIRETET BP A28 2% 1
TR BRI A ST D). WEPEREE, 2020, 44(10):
33-38.

LI Haitao, YUAN Sen. Corrosion prediction of marine

optimization[J].

engineering materials based on genetic algorithm and
BP neural network[J]. Marine Sciences, 2020, 44(10):
33-38.

Marine Sciences / Vol. 47, No. 12 /2023 19



HRRTL » |7
H@A RTICLE

Improved neural network-based economic loss prediction of
storm surge disaster

ZHAO Ling-di"?, Ql Yan-ling', WANG Xiao-hua®

(1. College of Economics, Ocean University of China, Qingdao 266100, China; 2. Ocean Research Institute of
Ocean Development, Ocean University of China, Key Research Base of Humanities and Social Sciences,
Ministry of Education, Qingdao 266100, China; 3. Australia-China Centre for Coastal Zone Management,
University of New South Wales, Canberra2600, Australia)

Received: May 25, 2022
Key words: storm surge disaster; economic loss assessment; differential evolution grey wolf optimization; BP neural network

Abstract: Storm surge disasters have serious negative impact on the social and economic development of China’s
southeast coastal areas and are one of the most serious marine disasters in China. Therefore, it is highly important to
establish an accurate and effective loss assessment model for storm surge disaster loss prediction, which is crucial
for the prevention and management of storm surge disasters. Based on existing research, this study collects rela-
tively complete storm surge disaster-related data of Hainan, Guangdong, Fujian, and Zhejiang provinces on the
southeast coast of China from 2000 to 2018. It establishes a complete indicator system for storm surge disaster
losses based on comprehensive consideration of risk, the vulnerability of disaster bearers, pregnant environment,
and disaster prevention and mitigation capabilities. Compared with a single back propagation (BP) neural network,
this study constructs a BP neural network optimized by the differential evolutionary gray wolf algorithm (DEGWO)
based on machine learning-related theories and trains and simulates the samples. The results show that the proposed
network model demonstrates a smaller error and a higher fit of the data than single BP neural network model, thus
improving the accuracy of storm surge disaster loss prediction. These results can provide new insights for the study

of storm surge disaster loss prediction and guidance for storm surge disaster prevention and mitigation management.
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