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Gridded Forecasting of Local Wind Speeds Based on CycleGAN
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ABSTRACT: Considering the development of low-carbon and
sustainable alternatives to traditional energy sources is a global
goal, many countries aim to have non-fossil energy sources
account for over 80% of their installed capacity and achieve
carbon neutrality by 2060. However, to ensure the stable
operation of power grids with a high penetration of renewable
energy, it is essential to precisely predict output fluctuations,
which requires accurate forecasting of parameters such as wind
speed and solar radiation intensity. Currently, wind speed
forecasting is largely based on relatively inaccurate numerical
weather prediction models. We aim to address this limitation by
developing an intelligent wind speed forecasting method based
on image generation using generative adversarial networks
(GANS). First, a target dataset is created using thin plate spline
(TPS) interpolation to correct initial gridded forecasts of the
wind speed based on observed wind speed data. The wind
speed data are then transformed into gridded data images, and a
GAN is used to generate intelligent wind speed forecasts. To
validate the proposed method, a simulation analysis is
performed using actual data from a region in North China, and
the results are found to be 21.7% more accurate than those of
the European Centre for Medium-Range Weather Forecasts.

KEY WORDS: generative adversarial network (GAN); image
vision; thin plate spline (TPS) interpolation; wind power
generation; wind speed forecasting
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Fig. 1 Technical framework of the proposed artificial intelligence (Al)-based wind speed forecasting method
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Fig. 2 Distribution of wind speed metering sites in
a region of North China
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Table1 The Performance of corrected wind speed
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Fig. 4 Comparison of wind speed image resolution
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Fig. 6 Grid wind speed forecasting results images

IS E(6) T LAE i, Tiidk g R R BUR AR RF
XU BEAAR AT R AIE 1T [RT R 5 0 J 308 G 1) RN (B
B )FH 20 A X i ST 1R, i BHAR SO A5 2
55 LA (R I 2502 Ry 50 AT R B A G 1 1Y) g

EFXTEE 5 A 38 AN R AL, 43 A FR S A
ML BRI RS SR ik o0 (European Centre for
Medium-Range Weather Forecasts, ECMWF) i X,
HORIAH 7453 2 ) P Kok . FEFRHE, AT
)P AT PR 2 ) 3 A R AIE s 4 HE ST ) DI o %oy XU
FIEAT 53], K% T RS EAE G, AT
TRANIEAS R, BERT B SR R AT ) T 45 H 71,
AT BT UEE . BEHLIZE B — NI s A7 1Y)
FrAIREEEs RANE 7 o, RR G2y ECMWE 4
PETIHR XGE 2R, Stz CycleGAN Tk X ig
2k, 21t 2 o S )Ud Hh 22 .

EEXTE 7 AR, IIRME R 22 RE, ARBFTeik

(b) BIEREK (c) BishklElE

10

— ECMWF
@ CycleGAN
£ 5 — SEFRME
2
X
11-06 11-13 ‘ 11-20
H 3y

(a) 2022-11-01—2022-11-21

A O

R Ig (mis)
N

1

11-14 11-16 11-18
H 3

(b) 2022-11-14—2022-11-20
7 RURTRIREERATEL
Fig. 7 Forecasted wind speed vs. real wind speed
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Table 2 Forecasting performance results of 38 sites
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Fig. 8 Training and testing sites of wind metering in
Northwest of China
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Fig.9 Forecasted wind speed vs. actual wind speed for
one of site in the northwest of China
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Table 3 Forecasting performance results of 16 sites in
the Northwest of China
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Table A1 RMSE and correlation coefficient of 38 sites
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1 1851 1.948 52 0711 0737 26
2 2862 2.778 29 058 0581 01
3 2845 2.564 99 0567 0562 05
4 2637 2.014 236 0673 0676 03
5 2245 2597 -157 0.672  0.658 -1.4
6 2470 2748  -112 0697 0700 03
7 2332 2.505 74 0470  0.468 03
8 1736 2174  -252 0740  0.753 13
9 3012 1.861 382 0782 0776 06
10 1978 2112 68 0781  0.786 05
11 3657 2.369 352 0501 0519 18
12 3.400 2.156 36.6 0526 0556 3.0
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37 1513 1642 -85 0718 0748 31 SPYy 2680 2553 472 0640 0675 3.49
38 2015 1106 451 0721 0736 15
Y 2352 1.841 217 0648  0.658 1.0 LR HAA: 2025-08-19,
F A2 FEFEILRIBE 16 M SR o BB 2025-04-10.
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Table A2 Root mean square error and correlation \\.::/ D/Egﬂg%gg‘so),‘ Zx Tiﬁ;ib %ffw}('%é&
coefficient of 16 sites in the Northwest of China ‘ - ‘/.IEW ‘Eﬁnﬁrﬂfj)\Ii ‘H“‘ 1%ﬁi&
pr— — {7 %ﬁﬁn‘/)ﬁk%ﬂ]%ﬁiﬁlﬂ\ BrRe TR B,
%8 ECMWF A 45y FE%/ T4 #E  fengsl@epri.sgec.com.cn;
s e o ECMWF ESET ” EfEEE: THR(1986), H, fliA,
1 2680 2553 472 0640  0.675 3.49 TR, BTN TR R AR
2 2147 181 1239 0531 0577 455 TN R VR R B SR 5
3 1.984 1.803 915 0435 0493 5.84 wangz@epri.sgec. com.cn.
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