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Table 1 Information of drifting buoys
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Fig. 1 Tracks of buoys
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The red dots are the tracks of drifting buoys. The stars represent the locations where the buoys deployed. Background colors represent the sea ice concentration

from 1 December 2023 to 29 February 2024 (a), and from 1 December 2024 to 28 February 2025 (b)
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Fig. 2 Time variation of significant wave height (a),
significant period (b) and corresponding wind speed (c) of
WBI1 and WB2

245 1.3 m/s, VKB SETE LN 80%). WA 3a Hr A5 fiT

1.0 .
: a1 BT 04
=08 K 202 -y

E o6 BN 2301403
%ﬁ 0.4 180 10° 88 0.2
£o2 210°C < 33008 0.1

0.0 226% /\'\360°
; - 0.0

00 01 02 03 04 05
S/t PR/ Hz

PR3 XL TR — 2 (a) 5 — 4ES5R 7 1735 (b, ©)
Fig. 3 Frequency spectra (a) and directional spectra (b, c) of waves
Wl a L2 51 b Oy 2024 4F 1 H 4 H 23 W80 B a HRELS B ¢ J9 2024 4F 1 H 2 A 14 88 o Jl i i 0 25 1
The red line in Fig.a and Fig.b indicate the observed results on 4 January 2024, 23:00; the black line in Fig.a and Fig.c indicate the observed results
on 2 January 2024, 14:00. The wave direction refers to the direction of propagation



32

GRERE TR

AR ) 43 A b R A R 35 AR I £ SR A
P bR Ul
hy it — A R U TR 50 T XU 6 &R, A SO

WB2 Fi A A S 2 4 VTR 5 1 1 10 m XUk B

TR 4, 25 B R WA TR 4R P BT SW R WSW,

At R 40%, 0 ELT N, 24 7 ) A9 TR
AR (AL m) I A =
B 05 < Az < O < AROKE < 0.5

a

WSW

WA  NK E BB R, KU LL SSW o &, #55
TR 2% 0 0 2 URRAE PO, TR ) 3 3R o A TR R
fia) 55 KU o) RO 1z, H S B ) A X 32 XL ] g P
29 20°, LG A TR K R i A SW s [ iy I
B B, BIHE SW 7 1a) KUK de K, KR B 55 72 SW 5
I A il o

10 mjx3#  (BAf7: m) 10 mjH3# = 10

5 < 10mMRE < 10 I 0 < 10 mXE < 5
b - 36%

WSW

P4 WB2 I Ar il £ B TR BB (a) GO Y XU BB ] (b)
Fig. 4 Wave rose (a) and wind rose (b) figures recorded by WB2
P& v ) oAy 25 1)

The directions are propagating directions

2.3 2024 FEZFHBERUM S

5 WBI1 #l WB2 45 AN [\, WB3 i 45 T 2024 4F
AT E TILRE T, B S B/AR T WB3 I AH
SRR 1R A S T B R EL X A TRT 10 m JR T A VAR
VKA BE A IR] 4 o AR R o R A MASAM2 i
At B I vk 4 R (DL 3.1 1 s RE A B ), AE
ITH7HZE16H,1H28HE2H 5 HHAI BN,
WB3 JIT 76 B W oK a5 o 99 R0 R T A 2R g oK
BB, WB3 LI ) A 80 s 45 TT oK A ) i A1, A A%
SR o HePRARAL B AT JC I vk 55 ok R 43, WB3 I
T 6 TG UK IE B A5 04 57 35 A 80 v (AL 41) R 0.48 m
(4.5), H UK B R 022 m(8.9 s), B EHE (&) T
UK B, A UK Bt B A8 R0 e A b TG K B s T
54%, A R JE I K T 98%. 3k 3 B I vk X I TR
RE 1 B FEHOVE 5 96 UK 8 B B A I 38 00 TE AR OC M, &
5 A TV DK — T 3 /N T YR T A A8 AL DX A o v
TR R, 55— 7 1T 23 B8 OX T TR BB A 9 R Da, A A
VT34 25 D/ N VR ) AR 28008 8 o RTERE, H T 9 o6 T
o AT TR 1 TR ek B e P, T D s R BOK XA A 1 4
Ko M, ARSCHREREE 1A 19 H E 27 H ALK
B, MR A RO S A RSOR I s HLJT R 5 XU
FA A5 Ak S AR R AR O, T L TR B0 VKR B AR AR

FESEME, AR SCHEIN 2 B BE N B PR bR A B SE P B ] BE
BN VKE TR . BUEEE MASAM? 7% i) B 44t

2-28 01-02 01-07 01-12 01-17 01-22 01-27 02-01 02-06

g
=3
5[
1
0
1

AR

R16 F
12-b
gt
4t
0
1

2-28 01-02 01-07 01-12 01-17 01-22 01-27 02—-01 02-06

s

—_—t

0 e

5+€ \,\W
3 EMANT T Ay e

5-

0.

1

2-28 01-02 01-07 01-12 01-17 01-22 01-27 02—-01 02-06

12-28 01-02 01-07 01-12 01-17 01-22 01-27 02-01 02-06
wEA-H) 2023-20244F

’l s WB3 f B AN (a), A AR (b)), i
17 10 m XU (¢ ) F0i v 52 B (d) By I 0] 5 510

Fig. 5 Time variations of significant wave height (a),

WG 10 m
JRE/(m

—_
D S
S O

WKL %
S

significant wave period (b), corresponding 10-m wind speed (c)
and ice concentration (d) of WB3
AT AR IR AL E A 18 VK 5 0 ) B

Cyan backgrounds represent the periods when the buoy was in ice region



28] SESEFAE FL T IR AR I S BUE B AY 20232025 4F i 4% 2 45 vk )i TR ARAE 2 B 33

14996 K 5 4 B 1T BB A T O 22

¥ WB3 LI HX 45 43 oA A kORI G VK R AR A B, I
53 2 R TR 10 m KU B B R T8 6. 25 2R
TN FETC UK B, WB3 T LI (14 35 0 % 1) 45 7E WSW
55 SW, i A oKk B 11 33 0% O ) DU B AR e WSWL, R
RS BLE AY 3 T 0 1 3 5 KU AT T 22, (RAR B
AT UKIE BT 0 25 B8 K, AIA 2y 60°, 3X FE 4R B
HH I VKB 26 0 T AR VS A BRI R R i, (AR IR
T A I 7 ) A o F i B TR P B

3 T SWAN £ =0  B B A 4

e /U B0 35 L KA 15 AR 2K 0 1A ke o
Pk K MR L T R —, 3 T A T
25 K 0 5 A TR0 Bl A 51 8, 3 5 B T i vk X
9 2 50 7 AT BB, X TR 0L I T AR

N

ARG (AL m) T BN = 1

N 05 < A < 1| I 0 < RGN <05
N

¢ 24%

ENE

ESE

SSW SSE

PBME LARAIE . Ry — 7 B B R i [l B, AR SCE AR AT
A Vi KX T TR A R T A SWAN A58 2 iy 1 41
KRB UK IR BUEE B, [ I I X L 1 AN ] XUk
AT 44 ZR TRASAUL 9 38 M, K B0l 25 5 5 77 A
WL AT T 0 R 5
31 SWAN#EKXEE

HH B H TR R T U TR AL AR = AR U TR R
WAMP Hl WAVEWATCH 1%, 45 = 18 1§ R #% =X
SWANPH LSk e tig 1 1, 6 U5 oR K0T 114 b B R EC(E T
SR S N AV OO, O N T 0 T I YR (A
o AR B SWAN KA Ry 41.31, 1WA 8
T VKOG U TR AE 4 R 0, AR R B R T
SWAN #i:UIe B4 KA IRy [a) . 2% 18 3] SWAN
BN FH Y 1CAM2 VK —TR S804k 7 ) R 2% B 1) 1
VKRR, AR SCIRR T Meylan 2609 F 2018 4F 45 Hi (1)

N
b 36%

ENE

WSW ESE
SSW SSE
10 mRG#E  (BA7: m) 10 mjR3% = 10

5 < 10 mjRuE < 10 I 0 < 10 mRk <5
N
d 36%

ENE

WSW ESE

SSW SSE

El 6 WB3 {i B A ER BB E (a, ¢) Al 10 m KGE BB (b, d)
Fig. 6 Wave rose (a, ¢) and wind rose (b, d) figures recorded by WB 3
a Fllb WA ORI I, ¢ A0 d Sy JEuk kB o 1R Hh i Dk 25

a, b. In the periods when the buoy was in the regions with ice. ¢, d. in the periods when the buoy was in the regions without ice.

The directions are propagating directions



34

GRERE TR

KR BRI 7 (M8 J5 ), %7 % 1 TR RE it 1 45
%&ﬁvﬁz%%&%@%ﬁh:%a% o R KR L p
HE KB T, ¢ J TR I E L o BB I, o i K
(1 4 A5 B B R AR SO T o T SR FH 10 45 U0
E S ESRN VI

#3 SWANIEINZE
Table 3 The source terms used in the SWAN model

R BN
A A5 Komen? ST 22
P TG HICT Komen 5 &2
AR AR LTAJ7 %P0
U 3 AR A FH 0 DIAJ7 0!
SRS JONSWAP 5 %%
B I BattjesflJanssen 5 %!
T PRFEHL 1CAM2125 5 M 1812601525

A SCH SWAN T35 B H B b JE 9 & H 96 1] ] 58
o BR ) BEBCHR 0 B9 ETOPO2 i T B 28 28 1 47 1
Pt . WIAE R V-3 53 BEAR 2 4 km 1 = Ff OAS, AH L
TG AL A%, JLALHAE T 7] 3147 WG & 2 4, LAER
fe T TR O T RS B o RS X B 240~ 42°N,
117°~132°E, # 5 1 #hifg . B0 5 50 Rl . A0t
B8 TP O R 25 i T T S b s SR AR, TR T D A
VI R TN (2 YN TR SN YNt N O E
TE A AT AT B TR

CIRER S WL D) 152 OENi R 7R P JE S NP S
B85 F 4 v O 19 143 7 203 4E NCEP Climate Forecast
System Version 2 (CFSv2), iZZ 4 2 LA 11 10 m
IR 5 T D S 114 25 [ 73 B 2R 0.205° % 0.204°, i
] 53 B8R 1 he ¥ UK B2 B2 B0 R A 38 0K %5 B0dis
Fls 1Y) 12 BB PR 2 MASAM2: Daily 4 km Arctic Sea
Ice Concentration Version 2, 55 [0] 43 ¥ 3l 4 km, H 1]
SRR 1 d,
3.2 3 #ig kiR IR Eb

K5 SWAN A58 2 i (14 T K U5 I S5 BE 6% A 2L
PR B PO R IR B AR, A SCf T 3 A [ 1R K I8 150
SR TT X WB3 T AR AL (9 A8 R0 AT TR,
BN 25 i vk £ F 1Y 1C0 J7 58, B Dy 8 11 1C4M2 JF
58 25 JE I VKRR EE S e ) M8 T 58, 55 X A R
PR FE— 2, BERLES R A E 7 Fros o NI aT DL
X TR R T A 7 A K w5 R B, R T 2T
VRO RUIDX DL K i TR BE e AR AL 5200, 1CO0 5 58 1 3 &

= Al \ : }
§ 8(5) : \ ‘\V) “f Bodin S \ F ’\ .0,‘... AJ

12-29 01-03 01-08 01-13 01-18 01-23 01-28 02-02 02-07
HEA-H) 2023-20244F

K7 WB3 i Ak, R KR J7 % T Y SWAN #5
AL 5 -5 WL (%] L
Fig. 7 Comparison of simulated significant wave height with
observed wave height in different wave-ice source terms
at the WB3 location
RN DR AVE S AP VRO RSy €/ AT AN G AR R 2
R 1CO, 1C4M2 H1 M18 J5 Y452, T (15 5 R MASAM2
7 il T KB 5 e B
The grey dots represent significant wave height of buoy measurements.
The red, orange and blue lines represent the results of IC0, IC4M2 and
M18 schemes. Cyan backgrounds represent the period when the buoy was

in ice region

£ T AT 5% 5, T 1ICAM2 7 %5 M8 5 ZE | R B4
U, O A RSO v IR T 1C0 i 5 HLE N
T VAR WL o H R AR SO A 7 R 3 6 A S U v Y
P AR bt B2 (40 12 A 31 H 1A Ay i (i 72
), 3PS HL T RARER L L ARk . BIETER
) i B A I A o 1CO 1 45 SR i B 3 0 SR 5 3K 3 XL 3%
IREFEA O, J1Ahas Rl 452 2.3 1 H2 3 1) MASAM2
B 7= RS E S

by E— AT AR ] K =R 5 26 0 R D%
AR T 3 A TR 4 000 245 S 5 A5 00 45 T 1) S 1
2 MD 57 iR 2% RMSE /AT 845

Z (H,-H.)

(2)

Ao, URE i 5, nf OB R, B AR

P, HACEWLIN By, %F L4 SR 3% 4 PR . i i

F4 ORRFRMEOEMERESNNERNFIRES
WFIRIRE (BfI: m)

Table 4 Mean deviation (MD) and root mean square error

(RMSE) between observations and simulations (unit: m)

1Co 1C4M2 MI18
P
MD RMSE MD RMSE MD RMSE
WBI 0.34 0.61 0.25 0.57 0.01 0.45
WB2 0.45 0.60 0.36 0.51 0.20 0.34
WB3 0.17 0.45 0.01 0.40 —-0.01 0.34
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Fig. 8 Time series comparisons of observed wave heights and
simulated wave heights
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Table S Mean deviation (MD) and root mean square error
(RMSE) between observations and simulations of different wind-

input terms (unit: m)

Komen ST6
E <4
MD RMSE MD RMSE
WBI1 0.01 0.45 -0.01 0.46
WB2 0.20 0.34 0.19 0.32
WB3 —-0.01 0.34 -0.01 0.35
WB3 7k -0.09 0.30 -0.08 0.32
WB3Ttrk 0.05 0.36 0.03 0.37
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The wave feature analysis of Bohai Sea in winter of 20232025 based on
buoy measurements and numeric modeling

Wu Hongxuan"?, Yue Che®, LiJingkai', Ma Xin', Ma Yechi', LiRui’

(1. Key Laboratory of Physical Oceanography, Ocean University of China, Qingdao 266100, China; 2. Ningde Marine Center, Ministry of
Natural Resources, Ningde 352100, China; 3. North China Sea Marine Forecasting and Disaster Mitigation Center, Ministry of Natural Re-
sources, Qingdao 266100, China)

Abstract: Based on the observations of 3 wave buoys deployed in Liaodong Bay in winter of 2023—-2025 and wave
numerical model, this paper analyzes the characteristics of waves during freezing winter of Bohai Sea. According to
the statistic results, the mean significant wave heights (mean significant wave periods) observed by 2 buoys in the
center of Bohai Sea are about 1 m (4—5 s). Observations from the located buoy in Liaodong Bay indicate that waves
are great affected by sea ice. When the buoy locates in a freezing region, the observed mean significant wave
heights (mean significant periods) are 0.2 m (9 s), indicating a 54% reduction (98% increase) compared to the meas-
urements without sea ice. The existence of sea ice may also lead the peak wave direction differ from the dominant
wind direction. On the perspective of numeric modeling, the error of simulated wave heights can be reduced by 33%
via adding ice-wave terms compared to the model without ice terms. By comparing two wind input terms (Komen
and ST6), this paper finds that the simulations match the observations well and the error is comparable. Based on
observations of buoys, the results rich the acknowledgements of people in the wave features in Bohai Sea during the

freezing winter.

Key words: Bohai Sea; SWAN; drifting buoys; significant wave height; freezing winter
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