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Fig. 1 Overall forecast system design structure
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Fig. 2 'WRF model domain (the first level nesting is shown in blue , the second level nesting is in red)
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BE T RRPLE ALY 1 P 4 1 P 7 B . 2R MR AL 26 1 ) U R X IR AT AL, B T TR IR
B IR I R L WA R TR TR B R AR AR . SWAN A RT DL i g e K . HJE R
WS R AR O RS THTR S 8, TR R A RO R i KU i, TR LT R
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#) WRF X RGBT 2 —

141 ARG E X

I 4 {5 12 ( Optimal Interpolation, i FR OD & — i AH X &7 B {0 2y fi 58 R ) B0 W) 4k 7 vk o 76 20 4l 70
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PR AR B 0 S8 B AT, SRS K A T A =X A 0 B RS
1.4.2 WRFDA

WRFDA J& — /e it i 8 Ak R 40, B & 7E WRF &0, nl$24E = 4k /U 2t 2% 3 (3D/4D Var) D
KA 5y IR R G HER . WREDA € &8 ) 12 I T 52 bR i HATRL #8158, s 2 A W Broll 55 s [k &= 40 . ol
Sl o B RS ML B TR R Ak g . LR AR R IR

J(x) = %(x—x”)TB" (x—x") +%(y—y°)T(O+E)_](y—yO), D
Ao x FoREE T BRI X AR ) B R R ESDIRES BRI B 0. E 352 5. WA
I SR 22 W7 2206 B, FRATTAE o FH I SR 093 S5 1R 22 Wb U 22 & WREFDA HY i CV5. 5 558 28 & X UL 55
T Pl AMRZE AT, RS ST E x B4 20 25 8] y = PO o A T & G2 0 s R A6 0 ik
T =448 57 J5 vk o BEALK R B b B R4 s [ 5E 3 25 F H 3l 42 4l ( Automatic Weather Stations, & 7% AWS)
B KU AR L R O B R T I RS L [l A B 9 kmx9 km 43 HE A WRE fi A h
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e 2 B0 S B A B TR, 3R] DK RN T RS AR = A5 R S SR IT R, B LA AR ACR .
AR Z G F T ConvLSTM( Convolutional LSTM Network) Fil TCN-LightGBM 7 F 7 4 43 5l FF J& 1 I8k 1R A5 R % w2 il
B FR G T IT IE

1.5.1 ConvLSTM

ConvLSTM J2 M % 48 LSTM( Long Short-term Memory) i A8 fi 5 . LSTM 7£ B /3 £ 4f (] & | 2 £ 4% )32
L, ABRAETE X Z4ERCR Iy, R A R T A i 4 R AL PN AR T B R BT B R, O EoME LU R 2
T S () 3 Y 7S TR AR G PR DL R A [ RRAE o R TG, Shi¥ LSTM th g & H H B R AR, Ak
ConvLSTM J5 %), ConvLSTM 5 LSTM 1) 32 % DX 2 4 i W e 4 i, 17 46 ARRAE , iRy A=K
Lb=0cW,sxx,+Wyxh_+W,oc,_,+b;)
fizoWyxx, + Wypxh_ +Weoc +by)
¢, = fioc +ijotanh(W,.xx, + Wy xh,_, +b.) 2)
0,=0(Wysx,+Wy,xh_+W,oc,+b,)
h, = o, otanh(c,)

A fURE; oAURMILHE M,

B B AE AT DUAR G 4R EORCHE (4 23 TR RRAE , 1T LSTM nl LAAR % b B2 O 95 A9 s 8] AH G M . R Ik
ConvLSTM [a] i . #8 B 7 Gl A5 R0 2 1 25 (8] 49 0E (9 68 7, 365 T T 500 A D8 YR 1) A S80I v 558 B 28 A DG MR 00 11
Py 3 (1) P
1.5.2 TCN-LightGBM

TCN % 7% ( Temporal Convolutional Network) 7] UL 32 BB} 8] Fp 51 O B, PEREIL TR M M 4%, a3k
K — BRI E, Ko 4h KRG P ok G ER 22 B e, w8 w0 T G il . A TR SR
LSTM #%k, TCN I ARRRGEBH B T 1T R Z MR ER , HAH A9 5k 22 7 3 F Y 5K 4 BUA &Gk
TOREEETE R AR R AE R IR) R, BB EERRE L JRAT IR R AR 5 T N AR IRRERSZ RS SRR, AT A AR
R 1 I A R A R SCRORS E

LightGBM J& — Fft 3 T 46 i £& F+- 44 (GBDT) WA I AL AL, 7T LATE (5 FH 4 /D P A7 JF 12 v TG B2 % [m) Bk
Rl AR v I B, HOR A A TR BE BRI 1 Life-wise 394 Hemg , i E HoAth e SR A B 1k R R A% )2 AR K
W& . Life-wise % W75 I A i Iy i vh, #0343 200 45 e Ry M 90 AT 0 2, AR . 5 H A T R
W48 253 400 S A LU, 2R WS AE AR W) 09 43 BT T LUARAS 4P BRE B2, R AT R0 /0 W WS AR 1Y
S, WA TR SR . B kAR BRI, %5 B R T DR SRA  B R TR BE L R DR IE S RS
BRI, ARk T A S A B, H AT LightGBM 85k B 24512 b T REK 9 WA ITIE . XU 3
TR DL R KA 98 1 R R A A

J T it — LR ELMERE, AR RS TON A LightGBM B35 M B 454, #1H%T TCN-LightGBM 7%
ARG R T IE A A Sl R TON B3k i A7 WG il 4z, 4R 5 f# FH LightGBM B3k #4777 1E, K24 h NI
DX P 4 35 7 B 152 25 (RMSED 48 T 24 20% .

1.6 #MAREHFEE

WREF £ X 1) 9] ify 45 P40 F0 s 5 25 4 i GFS s ™ 424k . GFS & H 36 5] [ 53 45 1412 0> ( National Centers
for Environmental Prediction, & # NCEP) £i& fit ity X = il e 455 784 7= i B9, B e S iR . XU 1 o Bk L
TR KRR AR B A TR AR B . GFS 77 B P 25 Bk, KO AR BURE BE O 28 km. 1%
BT AR 16 d 1Y RATH .

T O PR B B H TR 90 4R 37 5k A Bl — R RN HYCOM Y4 H #3791 i 37 vh A 45 1% i 2 = 4
WY RS . W Rk YRR R Y . AR GRS B HYCOM, 38 HUR I — Y 37 9 HYCOM ok
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K TAdWRBIREY . B WG EREEEY . RS T HEEE, TG R e, S
Ry 20 R X8, AR IR BT R 7 d i IR B 3

CROCO #2211 KA 5 38 K >k [ WRE #2080 h i 45 5, WRE BT 25 A48 & . B TE 10 m /& A
BRI, B HLTA 2 mo FE A A8 R MR L R A L R R . RS R . RImAR
SPAR LA R Rk A8, R LA AR B E 5 B T 2 mos FE R AR . B XTIR R L BREAKR L XU . e GE B
R U R, VRS TR HOAGE TR AR A CROCO A kA7 530

TRE VR T AR ASE B A ) G A3 AR B 166 5 AL 1 9% YR 31 Jl (Joint North Sea Wave Project, fiij #X JONSWAP) % Fll 24
o XGHE TSR R, PRk IR 3. TR XU i A Rl oK A, Rl SRR S A i, R A
P BB B AL 5 7K 3 AR 25 AT LUAR $h B0 S W00, T D3R ok Al TR AR RIS B B R KA R 1A
2R, TR A T LA A, ER R 1) i A R o B E T TR X
AR AT, (E 0k VR e B 1) i A B TR X, B B ORI AR — e R 2, R R
) 301 5 0 BB W IZ B B A SOK SR BE I, A RE ORUEA AL 45 R B M R o B Y KL B R T RO I 0 1
WM £ 4 (Pacific Islands Ocean Observing System, fij #X PaclOOS) #2 fit A WAVEWATCH HICWW IID £ = 3148

BB IR ZB, AARIR A TR B A S P R R R, R R B 1h, S R
4 0.5°%0.5°,

TR R G A S 3 AN R A, A R R s A A, R AL X R
UV B A 8 T3 A AL R A U R BUEAE S T AR B R G . 1% R G SR IV B Sl TPXOS 2
P, ZHIELE 8N FE MW (M,. S, Nyu Koo Kyv O Py Q) 2 /NEK R 20 (M, A1 ML) DL
3N ERK AT (M, . MS, Fl MND A 07 . 30 0 25 B 15 1

L7 BHUAR

AT AR 7 G R OB &R 1 — L T S AU T B B IR R e, TR TR A A R, X R AR T
ARG — DB R . H AT I XA FH R S8 D 93X 28 280k Ty 52 0% R RS (R B TR R S UV A A
0055 00 S 56 % I R B o X S SRR Ty B 0 B A5 R R B T AT R A R 0 R 2 Y . IRBUR A EH]
AR FIL R RR G, XA . RIRBUR G S8 7 RROBE R, AL E FIRBOR 5 1EH ATk
R BRI ISR, LFRBORGEM A BCER G 2R AR IS, A TR 52 e 2 804 5 58 i A
PRI TR I8, R TRE B 2 B S T BRI TR A )2 B TR By R R, 48 1 A AL X
VRV TR A 2 B A0 ) T 1 B
171 RsRA

T VE BRI R M AR ) E 2 — BRI R A . IRBOR G R AT LU o S50k SR S
RS T Y B 2RI B SRR IR G IS, SRR R R R I S B T %R
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3.1.1 BEX 5 RFEER

A ] 4 I TR] S B AR ¢ R BRI, Bl WAk 88 v 1 R S i vE R M . SCIERT , BRI 1d 5
LI K5 2 ] B4 FR O 1 K —0.070 34 i 2 0.586.  Hb % RMSE L A DL % Bl 22 M\ 6.439 [ A% % 3.498. 3. 5. 7d
B 0 o A R A T AR R (R D o (R K TR A (5 d AT 7 dD I AH 56 B BOF RMSE % B, %4 1) £k ) 45
FY BCHE I A S SO R Ak Y SR BR P 2 — R P el U 0 S A Bk =[] Ak T 2 288 R i U ) S A C
R RAEE . DREEE . F IR EE ) v DLk — 25 3 i B K i [a) B 0 4 o A

1 WRFHEIGIFHHWERT/\MMHEEEREF(121°15'00”E, 32°45'00”N)100 m 5 E K i A 18 % B
5 RMSE(m-s™) i) J& %4 1 £4 #8 [ 46 % L

Table 1 Comparison of WRF-simulated 100-m wind speed correlation and RMSE (m-s™) between the original and data assimilated data

for the Baxianjiao Offshore Windfarm (121°15’00”E, 32°45'00”N), Rudong City, Jiangsu Province

MXRB(R) Vi (rusey/(m-s™)
TR I K /d
WRF & i WRFDA WREF & if WRFDA
1 -0.070 0.586 6.439 3.498
3 0.757 0.872 4229 2.743
5 0.841 0.886 3.792 3.084
7 0.813 0.848 3.685 3.145

T K37 1) 45 (6] 43 A7 55 GFS # HrBudis e ik iy zs R r AR % — (B 3D . 38 1 RIBIME R Bn, &
TE 2 A 7= S i 8 LT AR i i 2 (] o B T sy, T2 SR 2 TE A 1 U R AERG b D . 7
553 RWRZS R, Blidth b XU B K F B 0 854 o 51 S KRS 7 RIS A T R, B 2 TR B Y 1
I, TR R FE A3 AT 4 SR 1 23 8] o0 A 22 [ 1 25 S A B 2 3. AN, B A AR Hh 0 A O SR 8 T HE b AR
FEREARI S KRG 7 KA K.

o 2 A 00 VB M S TR B KA 6 L 2020-11-16—2021-10-24 14 T o 40 B, Bl TR A K 09 389, &%
SRAHER BEREZ T I 4
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Fig. 3 Comparison of WRF-simulated and GFS reanalysis data 100-m wind field (forecast output time: 2021-10-12)
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Fig. 4 100-m wind speed correlation and RMSE between observations and forecasts for the Baxianjiao Offshore Wind Farm (121°15'00"E,
32°45'00"N), Rudong City, Jiangsu Province from 2020-11-16 to 2021-10-24

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Ld B TR B2 45 SR B AR 56 R AR 0.6~0.9. Fifi 25 TR I B8 0, WA AF K B0HF 4 2% 1) 5 11K A9 AR
KEE, 3dWMAAHIERECN 0.6~0.8, 5dFRAYFICREN 0.5~0.6, 7dFHRAYHIIEC R BN 0.4~0.6.
RMSE 8l T HI BRI 45 R . 1 d M Bies R, S KRMEEPRTE2.0~2.5m/s. FfiE BRI K 3N, RMSE W
S, 7 d TR A SR P R AR T LLIA B 3.5 mYs.
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Fig. 5 Forecast results of the Baxianjiao Offshore Wind Farm test set in Rudong City, Jiangsu Province
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Fig. 6 Seasonal averages of modeled and REMSS SST
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Fig. 9 Seasonal averages of modeled and GDP surface current fields
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Fig. 10 SSHA comparison of UHSLC and model results at Hamada, Ishigaki, Naha and Naze tide stations from June to August 2002
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Fig. 11  Scatter plot of the 13 tide stations tidal harmonic analysis from UHSLC and model results
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Abstract: Marine forecasting is essential for human activities at sea. Marine forecasting system technology supports
modern marine meteorological services. Advances in oceanic observation, data assimilation, numerical simulation and high-
performance computing also drive the development of marine operational forecasting. The present study uses the Weather
Research and Forecasting (WRF) atmospheric model, the Coastal and Regional Ocean Community (CROCO) model and
the Simulating Wave Nearshore (SWAN) model to develop a multi-model high-resolution offline coupled forecasting
system over China's marginal seas, for offshore wind power forecast and marine disaster warning. This forecasting system
integrates a series of ocean model parameterization schemes, including wave mixing parameterization, mesoscale
parameterization, and seamount- and eddy-induced parameterization developed by the Oceanic Modeling and Observation
Laboratory of the Nanjing University of Information Science and Technology. Furthermore, observation data are
assimilated using data assimilation and artificial intelligence technology in this system. The comparison and analysis of
forecast and observation results show that the forecast system can accurately simulate the marine meteorological elements
such as surface wind, ocean surface current, sea surface temperature, wave and tide. At the same time, on-demand real-time
visual panorama display is realized.

Key words: marine forecasting system; sea surface wind field; sea surface temperature; surface wave; surface current;
China marginal seas
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