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Abstract

To address the challenges of insufficient historical samples at newly established wind farms, cross-
site distribution discrepancies, and negative transfer arising from multi-source knowledge transfer,
a multi-source transfer learning method for wind speed forecasting based on meteorological

NEFIA: EWIH. BT RRIG SRR S MU 2 TR KGR BN 7 7ED]. B #e7ERE, 2026, 15(11): 38-50.
DOI: 10.12677/aam.2026.1511430


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2026.1511430
https://doi.org/10.12677/aam.2026.1511430
https://www.hanspub.org/

F B

scenario-conditioned risk minimization is proposed. By jointly considering source-domain empiri-
cal risk, conditional distribution discrepancy, prediction uncertainty, and gradient conflict, a mete-
orological scenario-driven dynamic source selection mechanism is developed. Shared-private fea-
ture disentanglement, transfer gating, and lightweight residual adaptation are further integrated
to enable transferable knowledge selection and few-sample adaptation at the target wind farm.
Leave-one-site-out experiments are conducted on six wind farms. The results show that the pro-
posed method achieves MAEs of 0.448 m/s and 0.972 m/s for the 15-min and 60-min forecasting
tasks, respectively, with average transfer gains of 37.34% and 37.00% over target-domain inde-
pendent training. The negative transfer rate is 2.50% for both forecasting horizons, demonstrating
the effectiveness of the proposed method for few-sample wind speed forecasting.
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Table 1. Overall prediction results of the main method
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= 2. TEEAEAFIETE MAE

B 15 min MAE/(m/s) 60 min MAE/(m/s)
HArtE A d — — — — — —
H FRplsr ZIRERL ARSI H FRphr ZPRERL AT
1 1.511 0.448 0.449 3.264 0.969 0.974
3 1.647 0.448 0.449 3.566 0.969 0.974
7 0.720 0.448 0.449 1.756 0.969 0.975
14 0.551 0.448 0.448 1.228 0.969 0.972
30 0.461 0.448 0.447 1.025 0.969 0.964

HFRREAILE] 30 d B, ASCHFVELE 15 min A1 60 min /14 11 MAE 43 %2y 0.447 m/s 1 0.964 m/s,
PUR T ZIESERGTR . 245 B2, HIFRIEE B nGE, SR AER S0k S i, 7#
WD REAR AR, B AIE S48 M AS SO VAR 52 BUT R B2 iR 25 /K T,

4.4. BTSENESGLEB O

1% 3 (AN A ARG RS FRRNA SCTTVE AR N & LU BT BIBC N MAE 035« AR SCITVEAE AN TN P K
M TUERS RN 2.50%, R 120 > H AR 5 00F A s L 0UER R T-i8 & RinAUR 7 5t
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F B

RUEITTHAE 60 min A£55 ¥ 4.17%. #£ A BT 7 5T, BOXRE AT SR a0 3t — 2D R WIA S AR X
AR INBURAT B E IR AL S, PSP K P {63475 0.0013.

Table 3. Transfer stability and advantage of paired error

3. IBREMSEMNREMRS

. LR %1% AR T7 B MAE fL34/(m/s)
7 15 min 60 min 15 min 60 min
T gt SR 2.50 3.33 0.0004 -0.0008
ZIFERGLH 2.50 2.50 -0.0004 -0.0029
S USRI AL 2.50 4.17 0.0033 0.0182
LG5 AR AL 2.50 3.33 0.0029 0.0143
Y R I 5 17145 2.50 4.17 0.0029 0.0147

AICTT 2.50 2.50 — —

ST VA ok R S KU A R B AT MAE 4349 0.0033 mis 11 0.0182 mis, AHXT 53 5 XU AL )
i 0.0029 m/s F1 0.0143 m/s. FHXT L IRERUER L HE A G, HE— 25 38370k 55 PE R §1) 1 2h &k IR
FIRARI RS s RS 36 4518 A& 24 Tk 5t .

45, HERECIE 57HS

TAGH T RETES &HMTENGER . AR5 Bin T RIER &S DL 18 5 R 5,
15 min {155 ) MAE 7351 _E 7t 0.53%. 0.64%#1 0.51%, 60 min {1553 %) T+ 1.33%. 1.51%#F1 1.15%, i
B = RN ST seae b = AR IR or ik, B TEP K N EH IR . B FRIEX 55 )5, PRI E
2 B R 22 IR 43 ) R B 0.17% 71 0.45%.

Table 4. Ablation experiment results
4 HRL LG AR

. 15 min 60 min
i MAE/(m/s) AHX A 401% MAE/(m/s) FHXT A2 401%
KILTE 0.448 0.00 0.972 0.00
AR M 0.451 0.53 0.985 1.33
F R SR RFE XS 0.448 -0.17 0.968 -0.45
ERRTBIEN & 0.451 0.64 0.987 1.51
RIS oA 0.451 0.51 0.983 1.15

TR SE KRN, SR T R — DXy A B k3wt BRI e, B WZ AL B8 U -
HbR 22 BT S A3 5, LT 5 00 B N MR 7 0l e SR R BE AT TR o AR ST S O B A R ) T3 T 9%
WS, FEARNG H AR 2 A Bt L RS B 25 IR

4.6. REBSYUHBME S
%5 il TIRESHOMER & XA 1 5 S USRS R . SEHE R S R SCI 575 MAE [
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FIFIH

ZE5t9 4,994 x 10°°, KHAN AT E RS R OE—8. T 7E 0.20~0.75 Z [HZZ{LEF, 15 min F1 60 min ~F
1 MAE HH % R 7 i B R 460 284043 il 9 0.0115% 1 0.0019%; VU I3 XK AL EE 43 54K 5h+20% 5, 1 AT
25 Wi K G043 70l 79 0.0097% 71 0.0059% . =¥l B T 5T #% 2 X OR¥F 2.50%, 15 B £ v 56 Y [ Y
BRAL B S B A AN U

Table 5. Sensitivity analysis of key hyperparameters

=5 KBBSEHRMESH

T WHE  15min MAE/(m/s) 15 min #%§454k/% 60 min MAE/(m/s) 60 min F%F 25 {k/%

BET 0.20 0.448372 +0.0115 0.971839 -0.0019
BET 0.35 0.448320 +0.0000 0.971857 +0.0000
BET 0.50 0.448339 +0.0042 0.971864 +0.0007
BET 0.75 0.448340 +0.0044 0.971872 +0.0016
REEI f1 +20%  0.448277~0.448326 <0.0097 0.971805~0.971907 <0.0053
PRESTR f2 +20%  0.448313~0.448322 <0.0016 0.971800~0.971907 <0.0059
e fs £20%  0.448310~0.448322 <0.0024 0.971853~0.971866 <0.0009
MR ps £20%  0.448320~0.448321 <0.0001 0.971838~0.971856 <0.0019

4.7. s RESTMETERY

N 5L gyt 7 R B AR R IR, R 4.1.1 1958 LA SR E SRR 120 AN H AR IR B
Y. B7 6 AL, ARSCTEAN ERAS KBS AL MAE Bl BE S o PR S i i 38 K IS B 4L 7E 15 min
A1 60 min 4145 [ FEME 2> 7124 0.0513%F0 0.0181%, =i 5 i PEZHY K2 1.8771%F1 4.7688%. %454 517
s R I BE AR - H b 22 5 RS T B Sl — 8. 2 IRSAUE S Z U RFFRGR TS /1, H 24070
YRR E F— XIEEE, AR B X, 2R R IE.

Table 6. Results under different station heterogeneity levels

6. TRIARRMFRTH MAE
SRS PN ZUREERU(ms) S RS ANAR (/) AST7FN(ms) FRS A %

i 15 min 0.447732 0.448279 0.448049 0.0513
i 60 min 0.973496 0.975754 0.975577 0.0181
il 15 min 0.465391 0.467141 0.465621 0.3253
el 60 min 0.976570 0.984212 0.977935 0.6378
= 15 min 0.430543 0.439542 0.431291 1.8771
[ 60 min 0.956910 1.010235 0.962059 4.7688

=R ARSCH I s ARG 195 PRI B 2 E ik 22 G B M N K % Transformer 1. %3
FAd L 25 24 A 15 min W2 2 B G L IREE . SUE . TR KRR X A gahd, S 9 4EFE AN
it 2V E 16 4ERRIRAS . 2 AN f13kAT 1 )2 Transformer Zwfi % . o i #h 78 SEE6 IR, R 7d H
FRFEART 24 D35 . % 7 Bow, MIXT Transformer BARMALYIL, 456 ASCERAESLE 15 min F1 60 min
MAE 735l [ 68.54%701 52.02%. 5 Transformer £ JES5AUHEL, ASCHESRAE 15 min /55 & MAE 1§ &,
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F B

7E 60 min 1155 FEEAK, RUZOREG BE N IELRMER P £ T IHEMMORERNGA L, HABKREERE
TR SO0 SR Bl

Table 7. Compatibility results with a compact Transformer backbone
2 7. %% Transformer N E FHRAMER

DARES 15 min MAE/(m/s) 15 min RMSE/(m/s) 60 min MAE/(m/s) 60 min RMSE/(m/s)
Transformer H Fr%l 7 1.871 2.463 2.156 2.808
Transformer 2 Y5541 0.578 0.913 1.035 1.508
Transformer &5-& A& ST BAHERE 0.589 0.928 1.034 1.507

5. &g

BEXEET K D FEA A T 2 AR E H 5 0T )@, A SCHR M T R 5 SR A KU
/MU 22 PR BT R KU TN 77 7% 0 12O VESR BRI 30 RS . SRR o0 A0 25 5 TN AN 7 4k FH B
BT R I R SR, LG E - TRRAE. TR AR S 05 22 TG R SE I B bRz i iR
UGN . BT 75N 5w 5 NP5 L B B — 3l SEER R B, ARSCTTEELE 15 min AT 60 min F55 L)
MAE 73517y 0.448 m/s A1 0.972 m/s, AH5%f H bR SZ I 2R3 5P I8 B 48 75 73 791 v 37.34%H1 37.00%,
FUOL I 2.50%; FHECERAS KB AT TR /MRS . B BIER#aE 1 Arilghs
B GRS TS50 4.17%, FWZ 515 RE DUBAR IR IE AL AR 22 A B A3 3l 0 R 2 1] 71

ET =0.20~0.75 DL B L B KGR E A R + 20% K55 E N, T MAE i KA AR A it
0.012%, FILHZIREF 2.50%, Ui IZITVER RS HIAN R A B feE . E 7w i e &,
AT VRN B A RS IR AR 3832t — 2D 48 K 5428 Transformer s23G R B, Frfe TR SRS e 5
JRLRAE IS 0 = T45 G . AT, AER— DX R PR, ZVREROT ARG RORTES /), B
SR PRI SR A S5 IR AR SR A 1 UL v, i PH B A VR IE B B TR & 22 e B BRI R SORAS R B3
P st. SR ORI b B . b TR RN 05 22 5 B0 6 35 1) 22 XSO L F R 3R, R B 7T 2T H AR ESIE
RWIRESH. 276 RS S S A 0] 55 5 BE B & LA 2 77

SE
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