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Wind Speed Multi-Mode Ensemble Forecasting for Wind Farms Based on

Machine Learning
GAO Sheng, XU Peihua™, CHEN Zhenghong
( Hubei Provincial Meteorological Service Center, Wuhan 430205, Hubei, China )

Abstract: [Introduction] With the extensive construction of wind farms, the combination of researches on different machine learning
algorithms and meteorological forecasting modes has received widespread attention. [Method] This paper was based on the spatial
distribution characteristics of wind energy resources in Hubei Province, and utilized representative stations in combination with
experimental data analysis to conduct in-depth discussions on the results. [Result] The wind farms in operation and under construction in
Hubei Province are all located in the "Three Zones and One Area", including the north-south wind zone from Jingmen to Jingzhou in the
central part of Hubei Province, the east-west wind zone from Zaoyang to Yingshan in the north of Hubei Province, certain lake islands
and zones along the lake, as well as some high mountainous areas in the southwest and southeast of Hubei Province. This research uses
four different numerical forecasting products, namely CMA-WSP, CMA-GD, WHMM, and EC, to compare with the measured wind
speeds and investigated the applicable range of these four numerical modes. [Conclusion] By analyzing the performance of five
ensemble forecasting methods based on machine learning and the mean method, we identified suitable algorithm and forecasting model
combinations, providing references for improving the accuracy of ensemble forecasting.

Key words: wind power day-ahead forecasting; machine learning algorithms; random forest; LightGBM; AdaBoost; GRU; LSTM;
ensemble forecasting.
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Tab. 1 Basic information of seven representative wind farms
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Fig. 1 Distribution diagram of typical wind farms selected in Hubei Province
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Fig. 2 Flow chart of ensemble forecasting
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Tab. 2 Monthly comparison of root mean square errors of ensemble forecasting algorithms m/s
FL i 24 4E H RF AdaBoost LightGBM GRU Bi-LSTM ek

FREI=PAN:ER] 2022 4 3.11 2.85 2.69 1.95 1.98 293
PSOISPATER] 2022 5 2.47 2.08 2.20 1.89 1.84 2.84
FREI=PANER] 2022 6 2.71 2.61 2.99 2.04 2.19 3.27
K F XL 2022 7 2.11 2.09 2.28 1.73 1.83 2.78
FREI=PANER] 2022 8 3.05 3.09 3.04 2.15 2.13 2.19
K AR 2022 9 228 1.90 2.24 1.54 1.58 1.89
FREI=PANER] 2022 10 2.30 2.20 2.31 2.11 2.24 2.65
T AL 2022 11 1.85 1.23 1.88 1.47 1.40 2.07
KT XL 2022 12 2.03 1.67 2.01 1.67 1.89 2.61
FA 1 AL 2023 1 2.16 2.09 2.12 1.93 1.88 2.71
KT XL 2023 2 237 223 2.30 227 2.22 2.74
JEIRE R 2022 4 2.14 2.09 2.19 1.99 1.92 2.05
JARE A 2022 5 1.75 1.63 1.83 1.57 1.49 1.8

JERE R 2022 6 1.95 1.83 1.88 1.68 1.64 1.93
JARE A3 2022 7 1.92 1.87 1.65 1.52 1.56 1.98
JARE AR 2022 8 2.00 2.00 1.89 1.72 1.73 2.12
JARE A3 2022 9 1.79 173 1.75 1.48 1.51 2.08
JARE A 2022 10 1.92 2.09 1.94 2.00 2.00 2.57
JARERHL 2022 11 1.75 1.95 1.68 1.95 1.86 2.1

JARE A 2022 12 2.05 2.04 2.02 1.96 1.91 2.15
JARERHL 2023 1 2.24 2.48 2.13 1.74 1.75 1.98
JARE A 2023 2 2.14 2.39 2.10 1.62 1.68 1.87
SR HL 2022 4 1.51 1.50 1.52 1.58 1.56 2.03
LR HL 2022 5 1.30 1.38 1.45 1.43 1.42 1.78
SR HL 2022 6 1.50 1.52 1.64 1.64 1.67 1.95
ESEPAN: R 2022 7 1.32 1.37 1.52 1.51 1.56 1.82
SR HL 2022 8 1.37 1.35 1.49 1.58 1.64 2.06
ESEPAN: R 2022 9 1.34 1.34 1.59 1.51 1.61 1.78
SR HL 2022 10 1.37 1.38 1.58 1.56 1.54 2.01
LR HL 2022 11 1.22 1.28 1.37 1.44 1.38 1.91
SR HL 2022 12 1.49 1.45 1.64 1.64 1.58 2.14
ESEPAN:ER 2023 1 1.46 1.50 1.61 1.40 1.39 1.96
SR HL 2023 2 1.47 1.53 1.46 1.44 1.43 1.97
BREFENHY) 2022 4 1.89 1.79 1.85 1.75 1.71 2.17
SRETEN Y 2022 5 1.59 1.73 1.65 1.63 1.60 1.91
BREFENHY) 2022 6 2.46 2.40 2.36 233 2.27 223
RN Y 2022 7 2.02 1.92 1.91 1.65 1.65 1.76
BRRFENHLY) 2022 8 1.62 1.54 1.66 1.38 1.39 1.74
BRI 2022 9 1.66 1.54 1.56 1.40 1.41 1.68

SERFERN L 2022 10 1.73 1.82 1.71 1.26 1.27 1.94
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xk2(8) BESTHREEHAFRIREZRAXILL
Tab. 2(Cont.) Monthly comparison of root mean square errors of ensemble forecasting algorithms m/s
FL i 24 4E H RF AdaBoost LightGBM GRU Bi-LSTM ek
BRRFENHY) 2022 11 2.10 2.19 2.00 1.69 1.67 2.19
SRR TN LI 2022 12 2.60 2.23 2.62 2.35 222 2.87
BREFENHY) 2023 1 1.83 1.73 1.84 1.32 1.30 2.02
SRR NI 2023 2 1.87 1.75 1.81 132 1.31 1.89
* 3 BESTREZEHARRERENLE
Tab. 3 Yearly comparison of root mean square errors of various ensemble forecasting algorithms m/s
L3 A4 RF AdaBoost LightGBM GRU Bi-LSTM LM A MDHI2 Bk
KA 2.44 225 2.41 1.94 1.90 3.24 245 2.63
(EC,CMA-GD)
JARAR 1.97 2.01 1.92 1.74 1.76 1.80 2.42 2.07
(EC,CMA-GD)
R 1.49 1.43 1.53 1.52 1.52 1.67 3.14 1.95
(EC,CMA-WSP)
HETIR ) 1.94 1.86 1.89 1.63 1.66 1.86 2.49 2.00
(EC,CMA-GD)

BIREAR T 0.06 m/s. FARAES HiRFA L GRU ML
T A AR L5 CMA-GD 9 3 75 1% 2% 2.49 m/s
NEET 0.86 m/s, AT EC iRk 22 1.86 m/s |
%7 0.23 m/s.

ZE LT LUE ), R A B, — s
R ) B GRU 1 Bi-LSTM M T1E G bl a2 )
Bk, LG AL 2 S A X T, H Bi-
LSTM 7E K] F XL 375 82 7+ e ol B 3, B4R 6 LR
EC Wi4R ¥ 5 R 2% 3.24 m/s TR T 1.34 m/s,
LB T RIRZE2FETET 0.73 m/s,

34 IGHM&KRIS

R T — 2 B UE N [R5 VR I SE IR 45 R, AR
HE— BB W X7 2022 4F 8 AE g M A
i I 2k LU I TEAS [F] A5 Tl 0 i iR o 2l
EIRANE 4 iR, B E B RE_WS AR E M H RF 7
T TR Ay XU O B i e, At P AR TR S A,
OBS_WS AR

P FR AT LA SR A 7 (e il 2 78 K 43 st
[i] %o b S B RS 2k 0 A7 A AE X B R 1R 22,
AdaBoost [ Tl i $7E o3 B ] 5 S B KU 22
AR KEEME LR IEA—FL

A BT B IE 4R A TR 224 2.06 m/s, RF
A TR 2N 1.37 m/s, LightGBM 4 1.49 m/s, —
FWARAIR Z 8% . GRU N 1.58 m/s, Bi-LSTM

1.64 m/s, AdaBoost & 1.35 m/s, TR PEGE AL, 845
GESMHIE RS R 2ZRE% 0.71 m/s. XLEEEE 5
SEU i SOM S BN Y 25 B B AR — 3, Pt L DL gy
B, E1 X G X 47358 B AdaBoost 535 1T LAARAS i
TS TRASCR
35 ELILERITIL

AT B TERRAEXT LU I Bl 2% > Bk AR 4R & Tl
i PR RE TR AT, Sy AR TN A ) e B AL
RMEA S, E X IR EE IR, #iE TS
FHF 048 AS [R) b DX G 3 S AR =X i 21 45
Shy v B A AR 4 M AR AR T S BR S
T SR S B S ST, A SCEEA LU D Dk

D) A5 e T aE A LA N = —
X7 A5 Ml R AR A BB TR AR

2) 3 o ¥ R AR A TR 7 vk A X ER A 5, i
FHEA— B E R TR ™ 5 TC kAT RO 15 TR e %
LR 2 Fh A B 2, e bl
N TR LT84 Wik, anfii 1] AdaBoost. RF,
BI-LSTM S5 4L 2% > J5 12, IF S ge il vk .
B UL BRI AR 1 45 A5 G B 6 PR A7 % LA 56, AR
P LA 6 45 SRR e — PP A R A vk

4 g

ARSI AT A S8 18 AN ) 5 (L AT £ 8 I
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Fig. 3 Yearly comparative analysis of ensemble forecasting algorithm RMSE
— RF_WS - AdaBoost WS -~ LGBM_WS - GRU WS — Bi-LSTM_WS — AVG_WS — OBS_WS
14
12 +

v/(m-s™)
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t/H
4 SRS 2022 £ 8 A A [E T XUk fE B iE] i 3 th 2%

Fig. 4 Fluctuation curve of different forecast wind speed with time in Xianghe wind farm in August 2022

A AR XS VS L, ARCIETE TR G B e, GRU S5 B4R 535 4500 Bi-LSTM, 78 S X

BEA . BARGBIT. H13% AdaBoost £ & FHRZCR F A
1) 7E A PH JE B F1 2% 5% 38 XL 3% GRU £E & Tl 2)GRU A1 Bi-LSTM 4£ & Wi 55 240X T CMA-

ROREAL, 7E R X HL Bi-LSTM A FHRECE  WSP o — il A 2477 IR R 22 e KFER T 2.41 mss,
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H11E

HIXTF EC PA—TFiidk GRU S4Bk E H S R
R AREE T 1.91 m/s, Bi-LSTM 44 Wil H
FHRERT 1.85 m/s. 4FEF-¥) GRU Fl Bi-LSTM 4
XF T CMA-WSP 1% 22 [ Ik T 1.45 my/s, A% T EC %
ZRFLT 0.42 m/s.

3)GRU 7E 4 /> Ha i 1) 98 4 1k 68 LE Bi-LSTM #71
AdaBoost Wi Fli A TR ST Ik R B b R, (TR
A TRIRZAE AT S B L, R 6 iR
BkiRERK,

ZIRF TR FH8 TR G DR WA 48 T 5,
R EAT T R T S . 0 SR RE A v it %) IRk
AR, 0 gk IR 3 Th R A 8 3 AT A e
TR DR TR EE R . A SOl B3 T HLA
24 > (R S5 A TR O 2% 38 e R R ) R ) 2R R
Skt T L 2 i A Ry o R 4 R T L ) SR AR
4 R )R TR A T R, — T Rl AT B XU
vl i v D L A% g, 2 v e I I BB, T
HL S I 2 B 255 53— Tt A ) 4 s L 2
TRk ENE, AB W B S5kt WML
A SR AR R A 2 LA T 380 T8 b A A At b 3R,
X4 [E W) & HL AU A T ) R R e
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