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Tab. 1 Maximum northeast wind speed and corresponding Maximum storm surges in the west coast of the Bohai Sea caused

in wintertime half-years during 2018—2023

o HAE I d5c KA (m/s) KK /m iz BE RS F A (m/s) e RIE 7K /m BeA%
’ RO MW s MR ' WE O M EYE my K
20181009 13.4 14.6 14.7 0.91 0.84  PEdb 20210228  19.8 20.3 19.2 1.43 1.57 i
20181115 14.1 13.4 15.5 0.73 0.95  ¥Edk 20210305  19.1 19.8 18.9 1.97 1.33 it
20181203 13.9 12.7 152 0.77 142 PHdb 20210403 169 13.3 18.7 — 1.03 Pk
20181206 13.0 13.2 14.7 0.76 0.68  P4db 20211003  17.8 17.6 17.8 1.83 1.47 7L
20190130 14.0 13.2 13.7 1.14 124 P64t 20211018 149 15.4 153 1.24 0.94 Pk
20190205 13.3 14.8 12.2 2.06 1.65 Pk 20211031 129 13.3 12.5 0.78 0.76 P4k
20190327 12.4 12.0 13.8 0.72 0.81  7EJb 20211106 18.8 19.8 18.6 1.90 1.57 i)
20190418 17.0 16.9 17.2 1.22 1.05  ¥Edt 20211119 128 14.1 123 1.07 0.91 B[4
20190424 16.6 17.0 15.1 0.80 1.16 b 20211129 142 16.8 15.5 0.62 0.70 i}
20191003 15.0 14.9 16.1 0.74 143 Pk 20211206  13.1 12.9 14.2 0.75 0.99 7§k
20191012 14.2 14.7 14.0 0.89 146 Pidk 20211223 184 17.7 19.1 1.10 1.69 Pt
20191102 14.1 14.8 13.6 0.85 1.00 ¢ 20220101  13.0 12.3 14.4 0.75 1.00 7Pk
20191106 16.3 16.8 16.3 1.20 120 PEdb 20220118  13.4 13.8 135 0.80 1.06 B[4
20191114 12.0 13.6 11.8 1.23 1.06 b 20220212 125 13.9 12.1 0.65 0.75 B[4
20191123 14.8 17.2 16.6 0.85 1.39  ¥§db 20220315  16.8 17.8 17.1 1.32 1.23 (it
20191126 16.2 16.5 16.4 1.08 151 7§k 20220405 133 16.5 13.2 0.56 — =4
20191204 12.5 13.4 13.1 0.50 0.60 b 20220421 154 13.1 17.0 — 0.87  PEdk
20191229 15.1 16.1 15.3 1.38 136 74t 20221003  20.4 19.4 223 1.58 230 Pk
20200107 15.9 15.1 17.3 1.26 146 V§db 20221016  15.0 16.6 16.1 1.19 1.07 Pk
20200204 14.8 14.8 13.9 0.79 1.05 b 20221026 125 14.1 11.1 0.75 0.84 Pt
20200213 18.3 19.5 17.5 1.44 144 PHdb 20221102 154 16.0 15.0 1.02 125 7k
20200312 14.8 16.4 15.6 0.75 0.90 ¥k 20221112 16.1 18.1 18.9 1.50 1.68  Pudk
20200326 18.9 15.3 20.4 0.61 1.53  PEdk 20221128 13.1 14.1 13.3 0.96 126 Pk
20201013 13.1 14.4 12.9 0.92 0.61  7EJb 20221210 13.1 14.6 14.7 0.62 0.99  VHdk
20201121 14.0 13.2 13.7 0.82 0.94  PEJb 20221215 143 13.5 16.4 1.01 1.38 7k
20201212 18.0 16.5 19.7 1.01 1.35 b 20230108 123 13.1 11.6 0.91 0.86 Pk
20201227 15.7 14.5 17.2 0.73 1.54  PHdb 20230113 17.8 17.0 20.1 1.72 222 Pk
20210118 13.1 13.8 13.2 1.02 0.53 db 20230122 146 15.7 15.4 0.97 1.19 vk
20210201 12.6 13.2 13.2 0.80 0.65  PEdb 20230212 152 15.7 15.5 1.15 121 7k
20210206 14.3 15.2 13.6 0.85 0.75 784k 20230218  13.0 12.9 13.9 — 0.69  7adb
20210214 13.5 14.4 13.8 0.82 113 Tt 20230224 135 13.4 13.6 — 0.77 =4
20210221 17.4 16.7 18.5 1.08 1.07  ¥§db 20230310  19.5 19.7 18.5 1.07 1.67  V§dk
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Fig.1 Monthly average, maximum and minimum storm surg-

es at Huanghua and Weifang stations in the past 5 wintertime

half-years

K2 ity UL ol 37
Fig.2 Location of typical observation stations along the
coast of the Bohai Sea
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Tab.2 Maximum wind speed and direction in the observations, original, and corrected numerical wind fields during the

"221003" storm surge process

pURIIE WL R/ (m/s ) LI 1 /() A R/ (m/s) AR/ () TTIE R/ (/s ) PTIERU /()
TEAR 234 27 224 26.6 24.4 25.7
K268y 21.0 40 18.8 20.5 20.6 19.8
fi 161 ] 13.1 4 12.2 15.8 13.4 15.2
PR 13.0 8 12,5 11.0 13.7 10.6
HURHE 9.6 24 8.2 293 9.0 28.4
TN 17.4 24 153 325 16.7 315
b 19.4 17 16.8 26.5 18.4 25.6
Jer 21.8 31 19.4 22.9 21.2 22.1
TEIE 21.3 28 18.6 16.5 20.4 159
b a3 24.9 350 20.7 14.7 21.7 14.2
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AR 1 2o R e R XU 1 K 43 A DL BT 4, i 1
TSR N V5 114 5 RS XU 184 7K 43 3] 300 7 6 I oy R
il BT, e KAE 20 1290 1.6 m A1 2.3 m,, Bbl 4%
RS ILIRYE IV RS V5 Ay L TR 3803 407 35 O30 5
P (R % L UL B Fn e 3, R s 2% 3 g T 10 3
H 4 R AR B 7KOASAUL 5 S5 DA ) P 24 4 X 58 2%
XF HE AT LT IE S5 0 X B S 3 mT DL ke A A

FUAS YRR Z 0 1o i, S TR A7 ol 18] e R XL 1 7K 15
2:%70.01~0.06 m,

22 FEBESZSHEIARERRFHHIE

HHECHY /T 0273—2019) 4% A 5 0 g4, LA i
TR I X 228 0 e R Sy SR o A AN [ 58 R A L A IR
Yy, 0 LLPEA A [) 55 B8 A LT R A2 40 1 ol Ay XL

T2 . 2210037 i 7 AL 2% 8] 2 0T 5 4F 2R X) 3k
DM TS 5 M) i ™ B A L AR A R, AR S L i R

R LR T AN [R5 B AL X3 o AT IE S B R
SR A R 368 g R AR A — A B, K e b e P
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Fig.3 Corrected wind and MSL pressure fields during the *221003" storm surge process
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Fig.4 Distribution of the simulated maximum storm surge
during the "221003" storm surge process (unit:m)
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Fig.5 Comparison of storm surge between simulations and observations at typical stations during the *221003" storm surge process
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Tab.3 Comparison of storm surge between simulations
and observations at typical stations during the "'221003"
storm surge process(unit:m)

R4 HERIFHH BB R IF & K RE (B 4L:m/s)
Tab. 4 Maximum wind speed at typical regions in the
restructured wind fields(unit:m/s)

MR Wi RE Wi RN

ICYNAE T ¥R S SNZE -SSR Sk

pURIIb s _— - .
WL WIERUE WIiR2E daxhiReE
i 161 [ 0.64 0.58 0.06 0.18
HiP 8y 0.65 0.59 0.06 0.13
T 1.32 1.30 0.02 0.13
B 1.59 1.56 0.02 0.10
b 2.30 2.34 0.04 0.15
yAn} 1.30 1.31 0.01 0.08

7 15.0 13.3 12.6 14.6

8 18.0 16.0 15.1 17.5

9 22.0 19.5 18.5 214

10 27.0 24.0 22.7 26.2

11 32.0 28.4 26.9 31.1

12 36.0 31.9 30.2 349
v 1 % (1)

s 2pLsing on
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Tab.5 Maximum storm surge at typical stations in the
west coast of the Bohai Sea under different restructured
wind fields(unit:m)

v ;
@ﬁzﬁ SR WEE ig MY n
7 0.21 0.38 0.46 0.34 0.73 0.39
8 0.30 0.59 0.71 0.51 1.09 0.59
9 0.48 0.95 1.15 0.81 1.73 0.95
10 0.76 1.56 1.86 1.34 2.78 1.58
11 1.13 2.31 2.76 2.06 4.09 2.42
12 1.49 3.03 3.60 2.77 5.33 3.23
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K6 sk KEERK S 5 it Rk U 56 &
Fig.6 Relationship between maximum storm surge S and
maximum wind speed U in the Bohai Sea
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XU 247 Sy o R XU 1 1.3 485, AR V5 2 £ 1
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26.9 m/s(10 A ) o = A 78 il BT Je RORGH 5 A4
T VB 1) S5 R RGIE AR A A FH 3R 4 3% 5 (9 £l F
3 (8) 1] DA B0 H 3% R TR 34 B ol i R XL R 4 K
h 3.60 m, 5 B T = 36 sk 14 U8 A% {EL 3.55 m AH
i



3 QARG o 28 SRR RIE SNV 2 5 | R K A S 5 AU T 5 19

24 BRANBEKERAKNEEEXRER

A 184y F R CESV2 BB X3Pkt 111
BT 64 YRR X R 1 R A B, P e R AR

60 5], s uli FEAS 63 5] o 151 7 73Sl 2z il 1 ¥R TS AR
(EL DX i R IR T B ety e R XU 8 7K, LB 3R
VES A X370 e R IR R 5 3 5 R X8 18 7K % i
KA MR

P72 RITE 2 DA L 457 3 14 5 R XU M 7 5 T N i R 5 A% R

Fig.7 Relationship between maximum storm surge at typical stations and maximum wind speed in the Bohai Bay and Laizhou Bay
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Statistics and numerical simulation on the storm surge in the west coast of the
Bohai Sea caused by cold-air-induced northeast strong wind

LIANG Sendong'?, ZHANG Yubai*, FU Xiang"*, ZHU Xianye®
(1. National Marine Environmental Forecasting Center, Beijing 100081, China; 2. Key Laboratory of Marine Hazards Forecasting, National Marine

Environmental Forecasting Center, Ministry of Natural Resources, Beijing 100081, China; 3.Shandong Marine Forecast and Hazard Mitigation Service,
Qingdao 266100, China)

Abstract: 64 storm surge processes in the west coast of the Bohai Sea caused by cold-air-induced northeast
strong wind in wintertime half-years of 2018 —2023 are selected based on Climate Forecast System Version
2 (CFSv2) Selected Hourly Time-Series Products of National Centers for Environmental Prediction. Taking
the "221003" storm surge as a reference, different wind fields with maximum wind speed at 7~12 wind scales in
the Bohai Sea region are restructured, and the maximum storm surge at typical stations in the west coast of the
Bohai Sea is simulated. The power exponent relationship between the maximum storm surge and the maximum
wind speed at Huanghua and Weifang stations is established. Using this relationship, the quantitative relationships
at Huanghua and Weifang stations between maximum storm surge at 50% and 80% cumulative frequencies and
maximum wind speed in the CFSv2 products are proposed.

Key words:storm surge; cold air; Bohai Sea; numerical simulation



