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Swarm Optimization - Least Squares support vector
machine, PSO - LSSVM) J5 7& Xt K < 7l 4z 4 =
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T R AT ITIE A R & T R Y 1 4 7
PE o XA SRR FH 32 B0 73 B 12 A8 1) A 28 1) 4%
(Principal Component Analysis- Radial Basis Func-
tion Network, PCA-RBF) .1 45 &0 /N T WRF i 4
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5% 26 B 3PS [A] (1 5L TAIL AR > B XU 1T 1E )y
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Fig.1 Residual block
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Fig.2 Flow chart of the correction method for surface wind
forecasts in Jiangsu offshore area
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Tab.1 Classification of wind scales

A K/ (mis) kI3 K (mls)
3 3.4~54 8 17.2~20.7
4 55~7.9 9 20.8~24.4
5 8.0~10.7 10 24.5~28.4
6 10.8~13.8 11 28.5~35.6
7 13.9~17.1 12 32.7~36.9

2 EC 4 M4 10 m X A 6

P& 4k 2019—2021 4F EC 4 M #% 24 h #1148 h i
R 10 m KU G IR 25 1 . R LI 2], Y
X Ry 4 bt , EC 4H M4 Tiidiz () ME /)N, 24 h(48 h)
4 i ME AL~ 0.06 m/s(0.03 m/s) ; 24 XL /N T 4
et EC Wi R A B A IE 2 , 24 h(48 h) Fildi
(1) 3R ME A 1.39 m/s(1.14 m/s) ; 24 Xk KT 4
e, EC U 2 B R A R I 17 A 22, LB 25 X\ 2 38
K, 22 KR4 K, 24 h(48 h) 53R 19 ME 11 5 2%
XK -1.10 m/s(=1.20 m/s) 3 k5] 11 2% X\ f#)-8.48 m/s
(-8.11 m/s). {HAFHF M IZ, B4R 2019—2021 4
EC 24 h(48 h) 4 19 10 m XUk (1) ME{Y }y 0.22 m/s
(0.18 m/s) (W32 2) ,(HIFAREBLHT EC 10 m XUk (1)
ARG B =, X2 KR, N T A R A I K T 4
PRLL EFEA (LK), SO B/ MY IR 22 5
DR BT 220K , 515 ME &/, EC 24 h il
48 h 14l 1Y 10 m KU 73 2 1Y) RMSE 5 ME A 25 BLIY

K4 2019—20214F EC 24 h 148 h (% 10 m XUk 5 2% i 15 22 FIREAREL
Fig.4 Errors and samples in the EC 24-hour and 48-hour 10 m wind speed forecasts from 2019 to 2021 according to different wind

scales
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%2 2019—2021 4 EC 48 1% 24 h #0148 h FiR Y 10 m RUE
B ME.RMSE #l MAE
Tab.2 The ME, RMSE and MAE of the EC fine-grid 24-
hour and 48-hour 10 m wind speed forecasts from 2019 to

2021
WRAR/N  ME/(m/s) RMSE/(m/s) MAE/(m/s)
24 0.22 2.64 2.03
48 0.18 2.75 2.12

ApApaB, AR THR Y RMSE fiz/)N, 24 h(48 h) T4
1 RMSE 24 2.28 m/s(2.34 m/s) , b & XL 2% 14 X,
RMSE 3% ¥ 1# k , 24 h(48 h) 4k 1Y 5~ 11 22 K1Y
RMSE H 2.39 m/s(2.58 m/s) 3 /il %1 8.67 m/s(8.51
m/s). Fi4b,48 h il -F-3 RMSE(2.75 m/s) KT
24 h 14z (2.64 m/s) (W2 2) , HAE R ZHOAL
JEANIE . MAE BIZEBLS RMSE 24401, [ RMSE i
25 L2385, =2 SR 5 K, I MAE 48
RMSE /N, 25 4B, EC 20 45 T4 1) 10 m JXUis

XF - 4 R R 2 fe ey, AT 4 SRR S O K, v
T A G A T A /N, Bt RGZR K, IXUGHE i 41 114 o
B MR RAARR 5 [RINF , 24 h JXUSE A RS 2 75 T 48 h,

[ 5 A 2019—2021 4F EC 4l X 4% 24 h F148 h i
2 19 10 m XU (1) ME . RMSE 1 MAE (1) 25 [8] 43 fii
K., MR A LI 3, EC 40 /4% 10 m XU T 4R 45
ST 525 1 2 R) 22 Sk, BRI hy T4 152 22 il
S REIE BRSO o (EAEAS T AR EC 4
& 10 m XU T3S 7E TR B A SR A BRI E i 22
X A] BB H TR A2 A 5 2 B B R B0 5 [R] I
AN [ 221 Py DR 04 15 2 B SRR 25 [R) 43 A 35 R A
21, A /2 48 h XU Ay Pl 2 22 B KT 24 he

3 TR
& 6} 2022 4F ERAS5 10 m XUk 5 EC 4 ¥ 4% Fi

R B9 F1 Resnet50 A5 751 £T 1F /) 24 h 1148 h 10 m X\
FEACH S A A o il B AT 2, 2 RGN B, EC TR

K5 2019—2021 4F EC 4 W A% XU Tl 1 2 25 ] A (FLA - mis)
Fig.5 Spatial distribution of forecasting errors in the EC 24-hour and 48-hour 10 m wind speed forecasts from 2019 to 2021

(unit:m/s)
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D= TR 4 41%

T A REANEL, B R X fiZk
K16 20224 ERAS 10 m JXlid 5 EC 4 k4% Hi 42 &) Fl Resnet50 i 1E AY 24 h F148 h Y 10 m KU B FEAR 55 12
Fig.6 Scatter plots of the 24-hour and 48-hour 10 m wind speed forecasts in 2022 among the ERA5 data and the original and
Resnet50-corrected EC forecasts

1) 24 h 148 h KGEFEAS s KR TXF Az b,
RIS FEA SORER AL X AL Z T 4
g R E— R SE, i T EC 4i RS IR XU Y IF 75
it O 2 F i KU 1) B0 T 41 O 22 4 75 D ME #8287
(2022 4F EC Tidf i) 24 h #1148 h i) ME 4331 0.55 m/s
F10.46 m/s) . Resnet50 A1 TT1E J5 i R AL AR 55K
BB X R 2 BT, FL3E EC 20 A% Tl i) RMSE
2 A /)N, 1T % 24 h 1 48 h (1) X33 RMSE 43 51
1.48 m/sf11.66 m/s, )57 (2.71 m/s #12.78 m/s) 5y
HIFEAK T 45% F140% (L% 3) . 5 RMSE 21461, T
1E J& KU Y MAE -t B S BEAIG, 3T 1E 1T 24 h #1148 h
TR 14 JXGE MAE 43514 2.08 m/s f12.13 m/s, 1T 1E

<3 2022 £ EC AMIE T A0 Resnet50 ITIERT 24 hFA
48 h 10 m KiEA ME.RMSE #1 MAE
Tab.3 The ME, RMSE and MAE of the 24-hour and 48-hour
10 m wind speed forecasts in 2022 between the original and
Resnet50-corrected EC forecasts

it ME/(m/s) RMSE/(m/s) MAE/(m/s)
%/ EC Resnets0 EC Resnets0  EC  Resnet50

24 055 -0.15 271 148 208 111

48 046 -0.22 278  1.66 213 124

JE AR 1.11 mis Fi1 1.24 m/s.
[l 7 Sk 2022 5= EC 4 [ 4% i 4% 11 FT Resnet50 5
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7 20224F EC 4UIMA% T4 191 Resnet50 1T 1E ) 24 h 148 h 10 m KGH 1 7344 iR 2= FIRE A KL
Fig.7 Errors and samples in the 24-hour and 48-hour 10 m wind speed forecasts in 2022 for the original and Resnet50-corrected

forecasts according to different wind scales

RITTIEAY 24 h F148 h 10 m K /0 4G B0 45 9 .
P& AT, TR 45 SR AT IE 45 5 1 ME A 25 250 1 728
Ak e, B XU IF ME i K, w85 XL iF ME i
I ABAE KB 43 KT, Resnet50 #5574 1T 1F Jii 4
24 h(48 h)10 m XU () ME 2% EC 40 (4% B 423
T%&, KW Resnets0 1T IEAL I AE —E B ks T
EC 4t [ 4% 1% X33 ME fl K . =1 XU ME fii /N R 42
WiZE . Foh , AERFB KT, Resnets0 T 1E J
)24 h 148 h 10 m XU ) RMSE ¥4 EC 241 % i
/NLITIEJG 24 h(48 h) 3~10 2% XL i) RMSE Y Jy
1.13~6.67 m/s(1.21~5.68 m/s) , M1 T LR RMSE
2.33~7.65m/s(2.58~9.97 m/s). [altf, HRETIEG
FHNHA MAE WA TR, ik — i IER
BRI ALRCR , 35T Diebold-Mariano 5 55 7 77, %)
EC 2 ) 4% T 41 19 F11 Resnet50 155 % § T 1F 114 24 h #l
48 h 10 m JXUiH 48 0 152 22 7 91 A AR U PR B, 45 SR
FHILE 95% 1 B AF K L ITIER 24 h A48 h 10 m

JRUTHL P VA 1 20 15 T EC 20 A I 4 T o

DL g5 B, 3T Resnet50 #4) #t A% V175 3T 1AF
TR TE XS 1T IERERY ] DA 20k 35 EC 4 A% 24 h I
48 h [ 10 m JXUIH T i 0RG B2, 158 22 U8/ 1) W B 38 )
45% (24 h) F140%(48 h) .

4 sk

A SCE SR ERAS F1-43 M K E 16 10 m XU
B 4 2019—2021 4 EC 41 A% 00 Bisf Al 12 Bif e 47
[ 24 h 148 h { YT 75 U1 ¥ 10 m JRUEE T4 7 i B 1
PEVEAT TR IS PEAL . 7E L FE AL I, T Resnet50
LR, L EC 28 M 4% 10 m X3 . 100 m X375 .2 m X,
T VT TSR DA R B R A R e A B R
VTR Ve TR X T IR - 2022 4F A9 5L
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D= TR 4 41%

EC 4 4% FHR Y 10 m XUET 4 2% R s i
1,24 h(48 h) il ) RMSE 4 2.28 m/s(2.34 m/s),
X T 4 X TR AR A, v T 4 R TR /), Bifi
I, AR AL B RIR AR, 5~11 94X 24 h
(48 h) i 4l 1y RMSE H1 2.39 m/s(2.58 m/s) 3 i1 3]
8.67 m/s(8.51 m/s) ;48 h Tiifiz i) RMSE(2.75 m/s) K
T 24 h 4l (2.64 m/s) .

@EC 4 ®A% 24 h 148 h 10 m XU T4 it R
JEEAE VL 95 3 1 DX A AR 3K 25 (0] 25 vk o AE i
i 52 FLAL T8 S5 DR 15 EC ARAF AR K I R 4¢
s 22 5 TRV BsF, 22 ) B 25 T 2 P 3 A, T i o
JER BRI

(H: T Resnet50 #4) £ Y V175 Jfr 6 1 KU 1T 1F
BERIAT D)L I 2 04035 EC 4 4% 24 h #1148 h 10 m XU
WA HERTE . TT1E)5 , 2022 4 24 h #1148 h iR ()
10 m A3 ¥ RMSE 4351 4 1.48 m/s 1 1.66 m/s, 44
EC 411 W4 J 4 Tl 45 5 (2.71 m/s F112.78 m/s) 43 5]
F#AR T 45% F140%, %itF 3~104% X, Resnet50 5 1
TTIEY 24 h 1148 h 10 m XU [ RMSE 4351 4 1.13~
6.67 m/s fi11.21~5.68 m/s, [al ¥ B AL T EC 41 M 4%
JFHA TR 1% 2% (2.33~7.65 m/s F12.58~9.97 m/s) .

ARSCE X EC A0S 10 m XU FHR s 001 7
R B PEAG | X AR VT 5 3 Vg 1A 1 XU I TR R 22 A
TR, AR Resnet50 45 75 4 vy i XL 1T
IERERY A0 T EC A% 10 m XU iR 726 7T
I E M L SR AR SCUF R T R T
Resnet50 #5174 4 <7 it VT 75 U5 5 0 181 X375 11 1E A HR %
24 W1 48 h KGH A TT IE , i oA 2 37 BN T B 2 1)
TTIEALAY o A 2% KU 37 () SEBR 5 3K, 45 5 1
XIS PR R R A AT A S U
B, UE— 25 s T R AR AR P R VT T T X
Yy Wi T IERE T g ) 23 43 B RN ERf 1, VL5
VIR X7 2 E AR B 0096 T X3 AR B
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Correction method for surface wind forecasts in Jiangsu offshore area based on
Resnet50

HAO Yuchen', YANG Qinsheng”, HUO Xuesong', CAO Weiqing’, DAI Qiangsheng’
(1. Jiangsu Electric Power Co. Ltd., Nanjing 210000, China; 2. Jiangsu Fangtian Power Technology Co. Ltd., Nanjing 210000, China)

Abstract: Accurate forecasts of surface winds plays an important role in offshore wind energy development. This
study uses the ERAS reanalysis data during 20192021 to evaluate the EC fine-grid 10 m winds forecasts in
Jiangsu offshore area. It is found that the EC fine-grid 10 m wind speed forecasts perform best in accuracy for
wind scale 4, with a 24 hour (48 hour) forecasting RMSE of 2.28 m/s (2.34 m/s). As wind scale increases, the wind
speed forecasting accuracy decreases significantly, and the 24 hour (48 hour) forecasting RMSE for wind scales 5~
11 increases from 2.39 m/s (2.58 m/s) to 8.67 m/s (8.51 m/s). In addition, significant spatial differentiation exists
in the 10 m wind speed forecast errors, and the errors grow along with the increase of offshore distance. Based on
the Resnet50 model, a correction method for surface wind forecasts in Jiangsu offshore area is constructed. The
independence test using the forecasting data in 2022 shows that the correction method significantly improves the
accuracy of the EC 24-hour and 48-hour 10 m wind speed forecasts, with a 24 hour (48 hour) forecasting RMSE of
1.48 m/s (1.65 m/s), which is 45% (40%) lower than the original EC forecasts. For wind scales 3~10, the 24-hour
and 48-hour corrected forecasting RMSE are 1.13 m/s to 6.67 m/s and 1.21 m/s to 5.68 m/s, which is also
significantly lower than the original EC forecasts (2.33 m/s to 7.65 m/s and 2.58 m/s to 9.97 m/s).

Key words: deep learning; sea surface winds; correction; Resnet50



