2055 4]
202348 J1

KOVEBEBIXZFZR(EABFR)

Journal of Changsha University of Science & Technology (Natural Science)

Vol.20 No.4
Aug. 2023

DOI:10.19951/j.¢nki.1672-9331.20230421001

XEHS:1672-9331(2023)04-0117-10

SRR ZC XAl G, meak, 25 s A K0 LAY R R B AT [T ] PP B TR 4 O A SRR , 2023,20(4) : 117-126.
Citation: LIU Xiaojian, HOU Peng, HU Xiaozhang, et al. Numerical simulation of wind wave process of super typhoon "Mangkhut" [J].]

Changsha Univ Sci Tech (Nat Sci),2023,20(4):117-126.

B3R & R R AR S A A 5

X)W AR IABRIR YRR RIS R MR 2R R E AU

(LK FIEBERIT AR ZE 1 & BRUTOK IR e, T % T M
FoH 51061153 ) A48 /KR S Bl s - s Be A BRA | T A T
510611;5. FWIRT K2, FH 999077)

JUR TN

i E: (BRI G KRR e, 32 T KU B 18 fE

510611 ;2. KFIFRERVTM R B S P4 8 S S %, ) A
510611;4. ] IHERBFBE T RSB A FRA ],

AR IR T T AL RS L I B

S I A 7 T L T AR 2548 IO A f) YRR 45 A5 Y, LA R 1822 5 i 3 KU LA " S 1), 4B G 5 XU K i
TR o [ 45 5 DR BLUME 5 BR VT 0 IF AR SR HEAT X BG4 BERGHE KT A R0 8 25 OC Bl 2 B 1 22 B IA
B/ o X RIIZAER ] DRI & W R b 5 WUR B R 22 R 3 e B 6 KU A "l e )
AR IR, 216 H B RBBVEAE (£ 14.0 m) , Z 5 61 2 BRI 0 K MRS, 52 6 XU B2 | 5
FHESLE TSR K R /N ) 52 A 2 v AR AT o [ 88 38 D AR IF 5 2 1) v 9 D0 A R 0 mT AT AR AR 5 i XU 1k
PRI 1 22 AR T Bl R AR TR TR RS 3 5 8 e YRS PO FE 32085 17 249 15% 58 5 XU LA A 2 B
Ve WL T 222 B s, 455 6 XU T B 2 "R, SO T L 2 B B9 A s B D i (29 4.5 m) R TS
3 AU AR SO A IR 1T 90 = (24 3.6 m) (ERIEE B 65 L —fF A e (£ 2.3 m) o AW TEAH G BR il o 46 g 1 i

W AR B S

KR 5T 5 B KT 5 KR s G5 A ARSI 5 TR AR

FE 4SS P731.22 XERERD : A

0 3l

il

UTARR , Bl R URAL IR , 5 WU AR R
158, J3E 28 T 1 I, 5 AU A R T A O R S
W Y2 10 I e ™ T B F AR R 2 — o AR [ S
PR S S A A (b [ T 1 T i) , 3R B AR - 1
HB+ZREN, EEBEXNKERZHERZ
— o 2018 4F5 225 (1822 7% ) Mk 5 MU “ LA 5
WS 235 & XU BLEE TR )R RS R SE AR
T e — il B B, B ol o 9 2 3 1) 56 5 DA i o
GG PTG, B AT A R i
YT A B AR AR BRIR RIR B T 33644 0T

EExE 5 MBS, [ A T AR 2 AR

ZEER R 5 S 5 KUK AR BB XU 1 A
] 1 VA T 3 1 B TR B BEA0L SR T 65 RUXL
YA a] Sy & WORBIHIER AL XU . 9 B i 550
FH Holland 5 KUBEHY B4 T 1409 5 5 KUl b
F1415 %5 5 KRS 55 UF T Holland 5 AU AR
P15 WUt R 0 E 1 . R DR AR OR I AR
1540 55 9 5o I 8 35 5 X3, FE R L 43 A S 4
SR ZJE PR TR REOW SR, AT RO
T K3k i st FHAAN G55 4 256 X3
5 NCEP (national
prediction) Ff43 BT W37 (48 85, SR I # S nid) J5
KM T — PR A A, 5 5200 XU GRS
R IRZ KRG BE A v . SHAO 251 3415 22 4 s
I K G, # ERA(ECMWF Re-Analysis ) FR43 47 K

centers for environmental

%5 B #:2023-04-20; & [B] H #7:2023-08-07; 5 H #:2023-08-08

HEWH ) A4 0 3E 200 w1 T i & B 7 7S K=l € 5 (GDNRC[2021)41) 5 7 75 48 2k i 5 107 1 56wl 1F ¢ 0k 4
(2021A1515110428) ;N 117 HElt 5 7 F FE BT 78 91 H (202102021286 5 [ 58 5 5 AT & %139 H (2021YFC3001000) 5
IRUP TR 5 /K 9 B i ) P 4 B s, S 06 2 ik 3 4 W B 0T H (2020SS02)

B EE XA (1990—) (ORCID : 0000-0002-4990-1614) , B, & 4 T AR U, 3= DS T 11 96 152 34 BR-55 (8 47 07 T8 18

WF5¥ o E-mail : Ixiaojian2010@163.com

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



118 RO mIREER(ARMER)

2023 %8 A

Y5 Holland $ 1 X7 & I 1 1 2 80tk 19 W3
B A UEIE AT BT AE A OG5
W) 3 Fh 5 X3 85 B (Fujita-Takahashi #5%  |
Holland £ %1 | Jelesnianski & 4 ) /Y 45 5, %
NCEP-CFSR (national centers for environmental
prediction-climate forecast system reanalysis )/ A i
S XM TR A K IR G K37 1 KU 52 PR
WL JXGHRT L i A B, 7 7 1 31X R H Jelesnianski
BRI 9 XS AN B KW B Bl

B M2 T B G KR (R FE PR ,
JETRE F B KCE 2 X AR R R
PBEIR™ o [ Ah 238 X 6 WIR BEAT T — R 51
5%, IZAGUIRRE 2" #| F§ SWAN (simulating waves
nearshore ) 15 A0 v 52 Y | B 352 PV SR o Vi TR X
1 AR AL HEAT T 4001 3 LIANG %50 FHl SWAN 45 7
Xt 1990—2011 47 A9 16k | TV A AR Vg 1 D TR aE AT
TR HE 0 is A = A0 IR AL WW3
(wavewatch ITD)XT 1988—2002 4F- ) A< M I IR AT T
PR A STOPAT SR W W 3 KRS LR IR 4
97 URLIE T 1023 B 540 4 Fn w4 T A2 4l
B A SRR 8 0 XUEHE A TR IS 3 4T

PR AEAL R T AN AL 25 B X2 W 6L 1) 72
b, B e R B AR o TRl XU ) 25
BRI ARG o DRI, 52 R 400 DXL 3% 0 A i TR
RS2 B B, AT B AR AR A R P 2 IR R
YEM . LONGUET-HIGGINS 45" 4 i 1) 4 5 1i;
WA - b i B T D TR G ORI P AR TR L N
TR IS SRR S R T B R . B PR IS
AR & e AR HLH AR PR L, e a5
BT R AR RS s B, AR IE Ok
# % 561k . SEBASTIAN %"/ F Ffl ADCIRC (the
advanced circulation model) 5 SWAN [ /> & Y 4
SEERIK IR R GE BT TEAS W) R UL B XU R T
T BTV 0 R R, e R K N 159 I
X2 W0 4 K RT 4R TR 209%~26% . A # BT 3
FVCOM (finite-volume coastal ocean model) F
SWAN P/~ A S 91 8 it A G S s 3, 4
T 07135 5 MU 2= W I A 38 R AN IR 3, K
IR Sk 17 3 XU T Xof 3R S 3 14 2 7 A R )
HXURE 7 5 e i W) 4 . WU DR I T A
WRF (weather research and forecasting model) .

ROMS (regional ocean modeling system) & SWAN =

AR R — PR — IR S R R G, b
T Z S VEHIX G XIS

i Bl AP B KR e HTE IR T
FR T AT, e rb X3 6 9 A B T8 2 T JEAF 5T
G HE , (B A R I8 B K37 1 i X A7 7
R FLIRET B X E R A K IATT ARIE ST $R
TR A S Y £ KR PR
Fy 7 1 B MR AR S BT 18, SE B T R
R LA B 75 S 1) 3 R A A g i s Bl i 7
AR A B , AR SR TR T Sy g T T XL % B T 5
=%

1 RFAZE

1.1 AR3FEWN
L1l XX

ARWFFE K H YOUNG 1 SOBEY (1981) " Hfl i
L KR, AT

Vor) = Vo X (=) % exp(Tg(1 -

’
a)) )
r <R, (1)

V.(r)=V,. xexp((0.0025R, +0.05)(1 - RL)),

rzR,, (2)
K r WGSBS PO BEEE V. (r)
PR S & UG r b i XU 5 v, R SR R KU 5 g o
FIEREE 5 R, A e KRG AR Hoa =0 s
R,, = 28.521tanh(0.087 3(¢ - 28)) +
12.22/exp((p, - p.)/33.86) + 0.2V, + 37.22 (3)
Ko WA Vo B RFEEN B s p, 2 & Kl
S sp, HE RSB, 95T 1 013.2 hPa, It
AhEEES B K r AR SR P AT AT

me
p.=po+ (p, = p) X exp(=—") (4)

1.1.2 - Hoair iy

T3 BT BG4 il T O | T2
B A TR RA RS AL ARSI SR
HEAT RS SR ) TR A G ek XS r ik AR
(4 2L, 76— R B T 3T 0L b Sz Bl S5 B 1 RS
R H XA NCEP K37 . ERA-4072 10 m X
Y . QN (QuikSCAT/NCEP) i & X 37 . CCMP (cross
calibrated multi-platform) X\ ¥ . NCEP X\ 3% #1

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F20% % 44

B AR S RO A R AT R BB A AT A 119

ERA-40 163 10 m XU (19 53 HE2 L QN TR G K
Yy B B kG BE AR ] B B, AU 10 a;
CCMP K37 I ELA 43 H i Ta) 7 9 K S0 A
ARG T I R CCMP X7

A SCFERER A 9 1 ZE M0 AR SR R R 2
FLFB(ESE) , B4 A T H AR & S b 2o i 7 &
ADEOS-IT B33 55 T QuikSCAT | FAGAHT [ 7K U
R0 F5 0 RO R AL TRMM TMIL, 56 3 1 2

31 XA I T D8 8 S 3T AMSR-E | 22 0% B A ink i
14 43 SSM/L L A B¢ 8L, AL T AS 43 J7 2645 31 .
CCMP JAU7 HLAT AR = oK B R 25 2 B 32 s
B8] 43 #E3R H 0.25°%0.25°
1.2 RBBEFIE
1.2.1 Vg

FEIKE R IR A bp 3R Sl o] AR AR 2R T WV
B SR RN (S) ~ () FiR .

G(qu) . a(uH:u) . a(szu) . a(szu) . ial ~ Hzgal—
at 0x ay 0z Py 0x ox (s)
(o y ou)_8(HS.) _8(HS.) s,
P H. oz dx dy 0z
G(sz) a(quy) (9(1JHZU) 3(szU) _ H. odp an
o Y T ey T e Muso o mHey o
(6)
9 (— v o) o(HS,) a(HS,) L3S,
az\" " H. oz ox ady 0z
L&y (7y VTR XU R KR R P
L P KRtk B A 4
SRS SW AN H80 e JH = £ e 1B 2 PRI
on o) 9(e) ) g (g ROUEERRIN R e H R R
x Y Z N .
TR 2 ) T D ST R T BRI T
XA T U T AR RR
H ul oH wH Iy. 9 Kl o 0 ny_S
a(a;C) , asz) Ll ayZC) , A aZZC) :(9) ANV G CN IS ON LGN CGN =
c _a(m_nac) SR+ o S U TR X A0 1 K 38 32 30 0 A
0 H. 5 Z RO E TR ) 5 0 A3 ] (45 43 Ik op o 1 T

A e R 5 w0 A a0 43 AR oy 1 250 34
F5 ) B w0 ' SR 3N In] B K Bl
R 2R e L RSP I 5 2 Ry T B AR bR L FE ISR 2
=—1, 3R z=0;m HIEE A o R R 28
H_ Ry W& BT LB 5 p Sk 5 5 p F py 23 5l A 5 7K 1)
SNSRI g I Iy fly, 5358
o3 TR RBOMY R C IR E S bR i
C' Rl ER S WK B 2800, b R4 3R JLR 0] 7 344
C oo MIBALI;S, (S, .S, .S, RAKF4E PR F1 5,
S, oA 5 Ly Bl B AR ST .
1.2.2 ﬁ?&ffﬁﬂ
T RE Py TR A TR B SWAN /] LLH]
?ﬁ«alﬁl\kﬁfﬁﬂwﬂz@ﬁ%ﬁjﬁcmm SWAN
RU5E o 78 15 U IR g w P O B IRAL I 2R S 5
JEPIRBOK ARG it (BE A R S AL AR AR I ok
T, BRUSBILLIAE IS BRI kA% L YR LB B A L S
D YR A 2 P 0N A5 R W, T LA B 4 3 AR 2 A 1Y

PEWELL RT3 1)) 5 C, . C 53 50 R vy 5 1) R TR A% 7
HEE; C, Cor 31N o .07 [A) (W R IR AL G RS 5 S Oy
T2 TR BRI s N R A T BE 7
1.2.3 U S 3 #8 G Jr vk
T R R T e A ) R PO = A

I AL 5 T S N e R A A AR . AR AT
WA G TR, LA B B9 T2 B il TR S
IL I DR S AE 5 AT TR Y v T A A TR X T
TR R T S 154 3 ol R 5 B PR O BRI RS S
N 20 HH42 90 A AT U6, Bl 45 X0 T VIR A0 g 1 5 (A
FLIRAR B R, 22 38 AT iy [ I 2% 7 YR ASE 2 %
T SR ) 532 W LA B A ) T VRS R 11 2 15
VR, FFFR 22 by o TR — o L ) iy 5 A A 2

R HEAT P S I XL el A A TR A 50K T
TR AL A RV VE A AL 38 3 MCT (model coupling
toolkit) ¥l & AR HEATHA G L 255 % R IR AN 2

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



120 kv EIXFEFER(OEAHFRK)

202348 A

[] AR EL S, ST TR S R R A IR R
GRS P AnE 1R

M 1] LA IR AR S A T e A 1 A
i R A TR i P A R 2 T ) Sl A7 S I A 3
SCHLT SR AR A o TR DR A 2 B4 38
1B R | IR ) Al A A R 1 4 T T
R 5 g PR AR LA T 5 A5 B KL K TR P B
A S AR TR AR

T IRAS e R P

..................

1 RipBeTER

Fig. 1 A schematic diagram of wave-current coupling

2 AREEY

2018 -9 H 7 H 200, &5 W “ LA " #E PE b K
SEVERETE EAR L9 H 15 B, BRI W IEHE R
I8 i, Bl S VR PR ) i g e AL RE 8,9 A 16
H 17 B TR ZR 65 ik 2 50 By, 850 ol i JHG oo o
I KIS N 14 %, ot e IS 955 hPa, &
KT B RS s AR I 2 TR o ARHIF 9% oK FH 2R
TLIAT T UL Y- 5 S0 5l o A TR A ARG B
TP,V 23 1 R e 2 W A, PR 2
BRI A PR VD KT R 2 S B0 AL, DA
R JRGHE X T 4SS5 3 4, AT S BRO6E BR VL] XL
ARG G R eV ER B KSR 2B R 1 5L
R[] 25 W B2 1 sl A5 4 o

B2 & R4 5 542 A0 i AR 3b
Fig.2 Typhoon "Mangkhut" moving path and buoy station
21 RBER
&l 3y ] — LAY B 2] 5 AL L AT CCMP B 43
B Kz e K xf LI . DAL 3 AT LA Y, 3ie
37y BT DA - M A 4L 65 XU O B0 ) i 2 AL, H

FEIE B & KO B a9 X3, XU (8 0 /) 1
CCMP P53 A1 K37 W0 A e M /R b 13X — Bk B, B 7R
5B B Ko A7 B B AT R AF AR X FR M, vT L
BT M R WS 5

JeLh(°)

20

1550
105

HREEIC)
(a) AT NG

2018/09/16 06:00
YOUNGHISOBEY (1981)

25

L)

5 s s
105 110 115 120 125
Re/(7)

(b) g A7

B3  CCMP &5 #1 K35 o 2 3 W37 34 1o B
Fig.3 Comparison of CCMP reanalysis wind field and

theoretical wind field

2.2 RURIIE

& 4 h PG A M T A7 B ——A% ATV s 3 R
Ik 38 257 i YOUNG i1 SOBEY (1981) F 5 JA
L CCMP U 5 52 W0 XU A L 1T T v o 4 2
HT R AR AR Y B L T AR IC B XU A CCMP
RGH Z ] 2k X 8. N4 0] LU Y, 5 KSR
PRYT I, XU 0 355 T, 381 7K ke v XU 2 3]
T35 m/s, W R TASAT VR R K . A, A
B 4387 LA B A 20 KU KU A A4
25 AT MO0 I B 5 R0 o7 A XU A AR AL
45 Pl 228K, 1% 5 COMP FEAM T8 A B 4L &%
Ao B, i T RN RS B AR 255 25 e
WIS HT KA R 8, % & KRS Tk

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F205 % 4

B AR S RO A R AT R BB A AT A 121

35

— YR
=6 CCMPi
—&— IR S

ol S (RATED

0 Pree 1o 1 - -
9/13 9/15 917 9/19 9/21
ERG]

(a) AT HEB A3

40

— LK
—0-- CCMPIi#
—e— P RE

35 b UEET GRITKIED

K/ (mes™")

917 9/19 921
39

(b) W TR SRt 15,7
B4 AR5 Rk wf a5 7 2f b

Fig. 4 Comparison of time series of wind speed

at buoy stations

2.3 BMRBMEAE X

R4 YOUNG #1 SOBEY (1981) ¥ i X 37 Fn
CCMP P50 M W37 (R % e 285 5 ABIF 98 25 45 o FH R
FHEAROLH 5 6 ML HEdtE . 55
T2 FT 5 FE A [ 7 Do A X 1 3 5 32 1) XL
PEATHRAE % k5 T B AR R e e
PR BN K A A X, BV 7R 28 56 XU
1o T 53 A A3 IR 1) DXk, o FH 22 56 X3 11 &5
I TE T2 B A7 AU e T 20 56 IR 3 IR 1) X3
i A3 A X i 45

B 5@ T 20184E9 H 15 H 12 B i3k — L 41 fisf
ZIRIARAL I . NI S AT LU Y, 25 8 B S XL
M CCMP F-43 Hr W A8 65 KU LA B9 B8 X3
BRI SERAEA . SR, 2 A E R AR 2 R
1 XS ISR A B, 2 BRI R 2L, an &
5(b) HE 2 B3 Ar /s o PR b, 75 226 B8 KL 3 A
CCMP P43 1T W7 22 1] 1) 2ot 5 XU R A7 - i b 242

h T ARE 3 9 XU 00 S e, AR TSR T e

WS AR

w(iy j)=(uli, j+ ) +u(i,j- Dru(i+1,j)+u(i-1,7) ) /4

iy ))=( vy j+ )40y j= D +u(i+ 1, j)+u(i=1,7) ) /4
(11)

A i A RIGT N R G5 5 u(i, ) Fo(i, ) AR

(i PELEGE T 1 X .

P53 J R T AR Ak pR BCRT S  78 Z JX
Y%t Lo e . AN S T DL HY A Ak s U
T Y DXL i A5 1 R A R A0 XU () A B AR
R B B 2k o e B AT S AR T BT
VR 3T o 3l 1 XU R R ] e o 8 o XL 1 o
B PESEAT IR, AN 6 R o R , Bl B
55 8 I X B0 HE VR W 35 N B I A e,
TE20184F 9 H 16 H XUl Bedls i 3L 1 It 22, 3X — i
22T R B A AT L 1 F BRI I R K S
TEbR A R B KR K Y w0 R & AR SR a2
s,

30

2018005200 . . .
AL Ak
25
=
i)
T
20
. i
105 110 115 120 125
RZI(°)
(a) KIEE AN
21 - - . P S—
ol Sl o e e T e ﬁE{JCi
/ /zowosnsw:oe//-/"“”*‘“‘:""'U%”J:
Y S gttt RN LGN
0H 117 ///,.;r?///./---_:f:;\\\\\\\,
b did 4 /5’4, ///////‘—F-\\\\\\\'\
Lo b A5 A N N
RN EN7 . 225 SN
SR ERERERZ 7 SO
> :H::HH’/{L/\‘R\ NIRRT A
= < A
& \\\‘\\\\\\ki//f AR |
Fag[d YV AN NN NSNS AR 1
RR ARG ST (R | ot
SR e Py i t tt
\\\\\‘\\\‘A/j/ / if A t 1l
17’\\\\\\\\h:)/// i il ! g
N e e S,
\\\\\\\\\ el ) o s i) i of ol
\\\\\\\\\ AL / i / ik
\\\\\\\\ ety ’ 7 7 g
15 : : .
117 118 119 120 121 122 123

L)
(b) JR i
E5 a2 kAR
Fig.5 The optimized wind field at typical time

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



122 Ky RFFHR(ARMAFR) 202348 A
35 40
W3 (AT — SEE T GRITTRED — Sl
or —o— A ff sr —— Bl
25t 301
o T, 25t
2l :
= = 201
st !
X K 15¢
101 10
5 4 1 sh f :
0 4 : : 0 - : A 3
9/13 9/15 9/17 9/19 9/21 9/13 9/15 9/17 9/19 9/21
SR H
(a) AT PE Xk (b) WK R
400 400
i3 (11T‘7ﬁ) o TEME T GRITKIE)
i) iGNNI
300 ¢ !‘l 300
£
I::/ 200 F '! | r“ n‘y_ﬁ’i‘ E 200
X \ " =
.2' : l«” A | ‘i
100 § ¢ p | 100l
‘.::""'L . ST D o
0 2 O 1 1 i 0 L & sl 1
9/13 9/15 9/17 9/19 9/21 9/13 9/15 9/17 9/19 9/21
H3 H
(e) FATHE AU (d) WK U
Bl 6 b5 Rk Fe K& B ] 571 2T
Fig. 6 Comparison of time series of wind speed and wind direction at buoy stations
SrnE 7 8 iR . MIEL T 8 T LU H L %A
3 BRIRREH R4 A AT 00 e 3 B L 4 e
b, RZE R SRR BN G B AL R L
3.0 HEREBRMESPHE A H LT IR G Y 0 T O A R B Al KR S Y

B X A i T VM A ST VT SR A AR X
TN Ab 4 12.7°~29.4° , K 22 105.6°~124.5° , R 1)
AL L5 H = A T8 R X5 DIl AT 30 43, B K M)
FRG B2 R 0.5°%0.57, fie /N A RS B2 ok 0.37%0.37
B TH B K TR R 4 BROK R M R 85 s
(Earth Topography 1, ETOPO1) H 1) % B}, 145 &
TR 11 R o S 00 b, T2 54 47 1T B, AR AR 1 ARR
FH I RS TTBI [R]25 K R 10 s, PIAMBET [E] 25 &
SR
3.2 ARXGRIGE

ARG B A IR (9 PR A 2 7 (LT
WD K ) A A5 11T 8 500 K sk ) A B 3 W
DUECHE 30 E BT T Sk . B KU AT " B e,
Uil AN 1L P BE T 5 B I 2 SR X e

AT GT , & WHIR AR G B AN A & KU 80K Fi 4R
SFFINE 3 KO, AT LA o R B YRR S R I TR T A T
Doppler R0 FlIAE It 22 4, A 2504 85 T 6 KUR 1
TR (425 15%) -

4 0.8
® o SEIMA
— SRR
N - SRR {06
— I T
£ s
Eéz 04 _.E)
1F 102 ®
L ... [t v v
LY Wi

0 L s 0.0
2018/9/14  2018/9/15  2018/9/16  2018/9/17  2018/9/18  2018/9/19  2018/9/20

7 3 RTH IR AR A
Time series of wave height and current speed

Fig. 7

at buoy station 7

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



520 8% 450 X R, AR IR G R A7 R 3 AR SR AR BT 5 123
3 15 EFEm
o Sl 14
— IR S R TS
-------- SR 0 R s
2t — R 1.0 7w =
E ;jé g 10
1F {os 2 ; {8
il M B 6
e | | ] "
2018914 2018915 2018916 2018917 2018918 2018919 20189720 4
[EE:]
B8 b5 11 8RR A A T AL “
Fig. 8 Time series of wave height and current speed : 106 108 110 112 114 116 18 120
at buoy station 11 RE/C)
(b) S 2] 2018/9/16 08 : 00
3.3 ABRRERE itiiim
ARBEFE R E SRRy 5 KIRA A, % 5 ) 8
i B 5 KGR AL 15 DLEAT TR 1819 7
JE7R T 3 AU LT S I AL T 3ol A [ S 252 i %) ;
A RO = A A E O . NI 9 FT LU Y, A 8800 ﬂ% ?
) = 4 /, nes AJ\ 4
(53 A1 52 5 XU R G ik BE RS B B A28 8 5% TR 85 =

A RO R e AR EAE 5 KO Bl ) A R
I A AL, U 3 A L AR FRIR . BRI
9H 14 H & WIE NG , A 800 = e KA i K,
HHEOH 16 HEREERERT 140m, 25 H
DAL 4 ZEBRVT. = AR N X35, 32 5 AU B ek 55 5
S FEE AR 7K TR /)N P 5 i, A AR50 1R e R AL 3% ¥
ANEN9 H 16 H V4RI ZE A HET A Ui B Rl i, &
BT B R A 2 8 e W A R T A 2 (R
[ R SN Al R o S T K A
AT A 2 A s A U (20 4.5 m) KT
FEAE TR 55 £ XU A28 B 22 30 L] 77 A T 00
(293.6 m), LA KAEZRIG & 11— 7= A4 1 e (4
23m) 9 1TH LB RBERCEIDZREN
i, AFL 32 A7 2 3 1) 52 1), B W] 1 ATS 385 3 A7 7E —
E MU = AT = 292 1.0~1.5 ms,

28— eitim

14

24

e

106 108 110 112 114 116 118 120
REI(C)

(a) HLHEIFZ] 2018/9/16 00:00

: :
106 108 110 112 114 116 118 120
REI(7)

(¢) LAY %) 2018/9/16 17:00

B il i

—— i w
o
L N

5
(d) LI %] 2018/9/17 06:00
B9 & Rl AF I R kB A B
Fig. 9 Wind field vector and wave height
during typhoon "Mangkhut"
4 #Hig

AR SCHE T Z o X3 54 712 DA K TR RS A A
OWFSY T 1822 5 A nik 5 WU L AT HE 4B e T I Y
R AP IR ARG, EEL5 R .

% A& W 3t http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



124

Ky EIXFFHROBAHAFR)

202348 A

1) 25 e K7 e KRS BE = A CCMP F:
3T IS 8 S5 U B e A Ll & i XU
LT T G XK, E— 254 T b
WAL BRAR T B om Kb i U X R 15
25, BT B R KU 1A SR, TR
T R PR AR [ 5 S 0 45 SR 44 85 R — B

2) BT ARG A% ORI S EH i # S T
AT AR ER V9] 11 & 2% 7 R S 00 & TR B R
A KU Ul KRR S N RO o A S ke
TV I TR AR 1 Doppler K08 A AT, A
RS TG RIR TR B . ARER T B ol KR A
T YRR G R P IR BN R = T 2 15%

3) BRI R B E KU ILAT T Hh AR S i AL
& 25 4 g TR ST, A7 1 DA R 55 B S i A K
VRIS /NI RE R, 5 KIR A 0 8 1 08/ o [ B
RIE R AT A 28 8 e W R T 20 2 (8 O
[T ==l e < S/ A SR S L A TR
AR A E D (4.5 m) KT 56 KT
T AT A0 = (29 3.6 m) , LA KCERIE L1
— i (923 m),

[ 5% S0k ]

(1] EeEm, 58, BUsd. “—W — %" WA ERE X

RFRIRG TR . Lh20184E “ILAT” & XK
FoHEILT]. 9% 2, 2021, 36(1) :7-12,23.DOI:
10.3969/}.issn.1000-811X.2021.01.002.
YAN Xuxian, FAN Ling, RUAN Jiajun. The relational
economic losses assessment of typhoon disaster among
the Belt and Road countries: taking the typhoon
mangkhut in 2018 as an example [J]. Journal of
Catastrophology, 2021, 36 (1) : 7-12, 23. DOI:
10.3969/j.issn.1000-811X.2021.01.002.

(2] g & XX 53R M BHER IR (D], 1
g RS R, 2012,

XIE Liuye. Numerical simulation of typhoon wind feild
and waves [D]. Shanghai :
University, 2012.

(3] B, BIRIT, MO0, 45 BRI i X208 1 %

EARALI] R T REZEZMCARFB M),
2017, 14(2) : 49-54.
JIANG Changbo, ZHAO Bingbing, DENG Bin, et al.
Numerical simulation of storm surge in Tieshan Bay[J].
Journal of Changsha
Technology (Natural Science ), 2017, 14(2): 49-54.

(4] ZRUUER, 2028, PRIGHEE, 45 . & KUREUEB L X
G RCE R BB ()] KiE#E M, 2018, 39(1) : 31-

Shanghai Jiao Tong

University of Science &

[12]

[13]

37. DOI: 10.3969/j.issn.1005-8443.2018.01.006.

ZHU Zhenjin, LI Ruijie, CHEN Pengchao, et al.
of wind field in
numerical simulation of typhoon waves [J]. Journal of
Waterway and Harbor, 2018, 39 (1) : 31-37. DOI:
10.3969/}.issn.1005-8443.2018.01.006.

FEFM, XBGR, X, . SRR S KR
BRI AR R B L RIS L) ] WP 2R, 2017, 39(7)
70-79. DOI: 10.3969/j.issn.0253-4193.2017.07.007.
WANG Qisong, DENG Jiaquan, LIU Cheng, et al.
Application of superimposed wind fields to the hindcast

Analysis  of weight coefficients

modelling of typhoon-induced waves in the South China
SealJ]. Haiyang Xuebao, 2017, 39(7): 70-79. DOI:
10.3969/j.issn.0253-4193.2017.07.007.

SHAO Z X, LIANG B C, LI H J, et al. Blended wind
fields for wave modeling of tropical cyclones in the
South China Sea and FEast China Sea [J]. Applied
Ocean Research, 2018, 71: 20-33. DOI: 10.1016/j.
apor.2017.11.012.

AU, JUrEE, W, S ORIR A XS BRI T 3
1 T B 35 MR ST LD ). U1 TR @ 4T, 2018(6)
17-23. DOI: 10.13984/j.cnki.cn37-1141.2018.06.003.

SHI Hongyuan, YOU Zaijin, HU Cong, et al. A study
on the applicability of different typhoon synthetic wind
fields in the South China Sea [J].
Oceanology and Limnology, 2018 (6) : 17-23. DOI:
10.13984/j.cnki.cn37-1141.2018.06.003.

PNEG . B AL AR XUTR A I 23 722 A KL AN 3 BIL
(D] et PERER RS, 2013.

SUN Rui. Temporal and spatial variation law and

Transactions of

dynamic mechanism of typhoon waves in the northern
South China Sea [D]. Beijing: University of Chinese
Academy of Sciences, 2013.

IZAGUIRRE C, MENENDEZ M, CAMUS P, et al.
Exploring the interannual variability of extreme wave
climate in the Northeast Atlantic Ocean [J]. Ocean
Modelling, 2012, 59-60: 31-40. DOI: 10.1016/].
ocemod.2012.09.007.

LIANG B C, LIU X, LI H J, et al. Wave climate
hindcasts for the Bohai Sea, Yellow sea, and East
China SealJ]. Journal of Coastal Research, 2016, 32(1):
172-180. DOI: 10.2112/JCOASTRES-D-14-00017.1.
HE H L, SONG J B, BAI Y F, et al. Climate and
extrema of ocean waves in the East China Sea [J].
Science China (Earth Sciences) , 2018, 61(7) : 980-
994.

STOPA J E. Wind forcing calibration and wave hindcast
comparison using multiple reanalysis
satellite wind datasets [J]. Ocean Modelling, 2018,
127: 55-69. DOI: 10.1016/j.0cemod.2018.04.008.
LONGUET-HIGGINS M S, STEWART R W. Radiation

and merged

A5 M 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



F20% % 44 X B S AR AR G ROl AT KGR i R A R AT R 125

stresses in water waves: a physical discussion, with [18] YOUNG IR, SOBEY R J. The numerical prediction of
applications[J]. Deep Sea Research and Oceanographic tropical  cyclone wind-waves [R]. Queensland:
Abstracts, 1964, 11 (4) : 529-562. DOI: 10.1016/ Department of Civil and Systems Engineering, James
0011-7471(64)90001-4. Cook University of North Queensland, 1981.

[14] SEBASTIAN A, PROFT J, DIETRICH J C, et al. [19] GRAHAM H E, NUNN D E. Meteorological conditions
Characterizing hurricane storm surge behavior in pertinent to standard project hurricane [R].
Galveston Bay using the SWAN + ADCIRC model []]. Washington: Weather Bureau, US Department of
Coastal Engineering, 2014, 88: 171-181. DOI: Commerce, 1959.
10.1016/j.coastaleng.2014.03.002. [20] fhaTc, ¥ B3, Bk, & . POR AR H7E

[15] A 8. Pt 52 AR B i e sz e i (D). R RECW 38 38 T8 PR [T ]. W K TR R e i,
e KHRE, 2012, 2019, 40 (8) : 1420-1426. DOI: 10.11990/
YANG Jingsi. Development and application of a jheu.201805127.
dynamically coupled wave-current model [D]. Tianjin: WU Zhiyuan, JIANG Changbo, DENG Bin, et al.
Tianjin University, 2012. SWAN-ROMS coupling model and its application in

[16] WU Z Y, JIANG C B, DENG B, et al. Numerical idealized tidal inlets[J]. Journal of Harbin Engineering
investigation of Typhoon Kai-tak (1213) using a University, 2019, 40(8): 1420-1426. DOI: 10.11990/
mesoscale coupled WRF-ROMS model [J]. Ocean jheu.201805127.

Engineering, 2019, 175: 1-15. DOI: 10.1016/j. [21] PAN Y, CHEN Y P, LI J X, et al. Improvement of
oceaneng.2019.01.053. wind field hindcasts for tropical cyclones [J]. Water

[17] Hh#f, sk pRAE . 6T & KNI I 55 U i a4 27 + 0] it Science and Engineering, 2016, 9 (1) : 58-66. DOI:
Bor (], # i vE, 1999, 17(1) : 61-64. DOL: 10.1016/j.wse.2016.02.002.
10.1088/0256-307X/15/8/013. [22] BAFLT, RBFH PR AIEMT G KRBT
MA Yan, ZHANG Qinghua. Approaches to several fEKiz(FEA), 2016, 16(6): 100-103.
problems about progress in the study of typhoon [J]. ZHAO Ligong, LIANG Shuxiu. Simulation of typhoon
Journal of Oceanograpgy of Huanghai & Bohai Seas, waves under wave-current coupling [J]. China Water
1999, 17(1): 61-64. DOI: 10.1088/0256-307X/15/8/ Transport, 2016, 16(6): 100-103.

013.

Numerical simulation of wind wave process of super typhoon '"Mangkhut"
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Abstract: [Purposes] This study explored the process of typhoon wave propagation with an aim to improve the
storm surge defense capability. [Methods] This study proposed a superimposed wind field optimization method
based on central node optimization algorithm and a wave-tide coupling model based on unstructured grid, the
typhoon field and wave field of No. 1822 super typhoon "Mangkhut" in South China were simulated as an
example. [ Findings ] The simulated values were compared with the measured values of buoys in the Pearl River
estuary, the errors of key parameters of wind speed, wind direction, and effective wave height were generally
small, indicating that the model accurately simulated the propagation process of typhoon waves during the
typhoon process. Model simulation results showed that the effective wave height increased after Typhoon

Mangkhut passed the Philippines and reached the maximum value of about 14.0 m in the early morning of 16th.
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After that, the wave spread to the Pearl River estuary and the outer sea area. Affected by the weakening of
typhoon intensity, the shelter of island groups, and the decrease of water depth, the effective wave height
gradually decreased. [Conclusions] The central node optimization algorithm proposed in this study can
effectively reduce the wind field error in the transition region of the superposed wind field, and the wave
simulation accuracy of the wave coupling model was improved by about 15% compared with the simple wind
wave model. The wave height of the right semicircle of super typhoon "Mangkhut" was obviously larger than that
of the left semicircle, which accorded with the law of typhoon "dangerous semicircle". Therefore, the wave
height of Hong Kong (about 4.5 m) located in the right semicircle of "Mangkhut" was larger than that of Macao
(about 3.6 m) , Zhuhai and Taishan (about 2.3 m) which were closer to the typhoon path. The relevant results
can provide reference for the study of storm surge along the coast of South China.

Key words: typhoon "Mangkhut"; typhoon field; typhoon wave; central node optimization algorithm; wave-

tide coupling model
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