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Wind speed correction method for numerical weather prediction based on a recurrent deterministic
policy gradient algorithm considering lateral and longitudinal error

HUANG Nantian', TANG Lipeng', DAI Qianbin’
(1. Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology, Ministry of Education
(Northeast Electric Power University), Jilin 132012, China; 2. Liaoning Pushihe Pumped Storage Co., Ltd., Dandong 118216, China)

Abstract: The current numerical weather prediction (NWP) wind speed correction methods are based on the amplitude
characteristic evaluation modeling of the longitudinal error. They ignore the potential impact of the lateral error caused by
the lead or delay effect between the NWP wind speed series and historical wind speed series on NWP wind speed
correction. Therefore, an NWP wind speed reinforcement correction method based on the recurrent deterministic policy
gradient (RDPG) algorithm and considering lateral and longitudinal errors is proposed. First, based on weighted
Euclidean distance similarity, the lead/lag timing interval (LLTI) boundary of each NWP wind speed to be corrected is
determined to form a strongly correlated timing interval. Subsequently, the statistical characteristics of the LLTI are used
to replace the original meteorological characteristics of the NWP. Based on the Shapley additive explanations (SHAP)
attribution theory, the influence of different features on the model output is evaluated using the marginal contribution of
each feature. Finally, an NWP wind speed correction model based on the RDPG is established. Through an example
analysis, the effectiveness and feasibility of the proposed method for modifying the NWP wind speed on different time
scales of ultra-short-term and short-term predictions are verified.
This work is supported by the Science and Technology Development Plan of Jilin Province (No. 20210201126GX).
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Fig. 1 Definition of two types of wind forecasting error
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Fig. 2 LLTI division process
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Table 1 Statistical features of LLTI
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Table 4 Evaluation indicators
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Fig. 7 Optimal LLTI distribution of each sample point



R, 5F

T S NWP RGERE N 17 1R 22 (1108 PR R 1k S o 58 X A A TR - 17 -

P 7 BT, S ANREA S5 B e A A /4 S
DX [8] o3 AT Vo LA 2 s i . Hodr, et/
i JE I P IX A i KGR [,y d,, 5] Be/INEH]
Nld_,.d, ], FEZEMZE 6h 4K X6
[ FE. Bk, A NEEAR NWP KGERHEIE &
V1) 5 P10 T /9 i R e AR S IX T, 38 T B A% A 1)
NWP 45 [X [ARFAE -
4.2 FEENRZEXTXIRIEERAIF N 24

N T BRAIEA [ % ZE 0 IR TEBCR 5, A
SOK SRR S X E] Y SVM. LSTM. DDPG.
RDPG #8552 & A/ 5 X [ 1 SVM. LSTM.,
DDPG. RDPG BT RIEAZ IE R XL, SEE
EL 12 A 12 BYE N H T4 SRR R, Seihss R
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Fig. 8 NWP wind speed correction results of different models
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Table 5 Different models’ NWP wind speed correction indicators

I T MAE/(m/s) RMSE/(m/s) MAPE/% r
NWP 2.51 2.89 84.03 0.61
SVM 1.44 1.77 9.51 0.73
LSTM 1.07 1.47 8.19 0.79
DDPG 0.65 0.83 7.74 0.85
RDPG 0.49 0.68 6.53 0.88

LLTI-SVM 1.28 1.50 8.57 0.77
LLTI-LSTM 0.94 133 7.90 0.83
LLTI-DDPG 0.46 0.62 6.55 0.88
LLTI-RDPG 0.32 0.48 5.01 0.91

¥ 5 BRI PP 28082, SR FH B A/ J X TR 3 [R] ) A R
HINRHIE, 57 NWP RUE NP IX [A] 5 NWP XUk ff
1B TE ST (R BR AR 5K 58 o
4.3 ERUFFXESEE RN S

T SR AL I X TR)SE DA NWP XU 2
IERCRAISENR, A S R IX ] — BONT X [A) A — 20
R FIX B XA — SO R R MEAIR I NWP
SR E R AL I BT 2% 18 B R T/ S I X TR ]
VORI XA —BOE SRR A UG
e, SRR @A MEAS S R R PP IX TR A%
SCIESE 5 A e X A)— SO X RS AT 5256, 70731
& 10%E P IX YEFEL 20% 7 X [EYE . 30%H) /7
XAV FE. 40% I 37 X [a] 0 FE A 50% M 57 X [a] 7 .

M 6 W LLE i, W FEA [F] I Fr X A% NWP
RUEAB IEAFAE — E IR . Horhr, ARSCRAIH)HT
AL R R 8 A A R A s D0 I e X TR R
1%, B IE NWP RGE K XUR 547 MAE. RMSE.
MAPE. r 7 51°8 0.75 m/s+ 1.02 m/s+ 9.86%7F1 0.90.
HHUCRT L, 25 BEAS [FIREAS 8] () B, A 5 A
2 A e DX TR HEAT R RS2 L, RERS AT R T NWP
IR TE AT () T RS 2 o
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Table 6 Correction effect of the differential time series

interval range model

MAE/  RMSE/  MAPE/

6 I/ I I X ) r
(m/s) (m/s) %

10% 1.20 1.50 17.82 0.90
AT/ S I 20% 1.00 1.38 14.05 0.84
X E]YE 30% 0.99 1.30 13.54 0.90
—5 40% 1.39 1.67 21.84 0.89
50% 0.92 121 12.04 0.89
AT 0.75 1.02 9.86 0.90

4.4 REZFT NWP XURENEIREEEMR S

2 L8 B KGR RN UL S e B R NWP XU &
IERER RS, A SCEFE AT A HAE
NERER, WEZFE2H18H. EF5 A 26 H.
ZE8 H 10 HMAZE 11 H 5 H, HxFteatr%iE
ARG/ JE B X R] 5 R 2 R A B X TR S 1
NWP RUSEIERCR . &ANZ 18 H NWP K2
IEREERIE 9 Fram. B9 al%1, FAFERHHIR
WA R T BN TPRIFPRES, WHE—Es. H
W, BRI KGR S LR IR E X Rk, FE
KRB IE R ZE WA, FHk e & ZFEKE,
BZR P RGE AN, RGEAE I 1R 25 (E AR A R
ANF AR TS

R 7 NAFIZEFTFEMRAER NWP X2 1E+s
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Fig. 9 NWP wind speed correction results of different models in each season
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Table 7 Different model correction indicators under test sets in each season
Z=1 Ty MAE/(m/s) RMSE(m/s) r MAPE/%
BT/ S RE & Feen gk REEHE BT/ S RE g /S REEHE
5 X 8] ¥ I 7 (X 18] R X I 5 X (8] R PP X I (X 18] R X 5 X 8] AP X
(LLTI) [&](LTT) (LLTI) /8] (LTT) (LLTI) [&](LTT) (LLTI) /8] (LTT)
NWwWP 2.89 3.21 0.69 24.65
SVM 1.05 1.91 1.41 2.24 0.85 0.78 7.07 12.74
fe=s LSTM 0.96 1.23 1.30 1.54 0.87 0.87 6.84 8.33
DDPG 0.92 1.09 1.28 1.41 0.88 0.88 6.26 7.43
RDPG 0.89 0.99 1.24 1.35 0.89 0.87 6.24 6.73
NWP 2.46 2.78 0.69 146.59
SVM 0.34 0.56 0.41 0.63 0.84 0.87 6.39 10.59
B LSTM 0.29 0.35 0.38 0.46 0.88 0.71 5.95 8.61
DDPG 0.26 0.34 0.33 0.43 0.89 0.89 4.98 6.50
RDPG 0.25 0.33 0.32 0.39 0.90 0.89 4.96 6.10
NWP 2.17 2.43 0.75 93.73
SVM 0.35 0.44 0.43 0.52 0.83 0.82 6.18 8.47
K LSTM 0.43 0.69 0.55 0.90 0.83 0.93 8.52 10.13
DDPG 0.37 0.42 0.46 0.53 0.82 0.83 6.54 7.47
RDPG 0.33 0.40 0.42 0.53 0.84 0.82 6.01 6.89
NWP 1.71 1.99 0.51 34.07
SVM 0.41 0.51 0.52 0.63 0.86 0.83 5.78 7.37
K= LSTM 0.42 0.48 0.54 0.62 0.85 0.84 5.64 6.73
DDPG 0.41 0.44 0.52 0.51 0.86 0.82 5.62 8.47
RDPG 0.39 0.43 0.51 0.55 0.87 0.86 5.61 6.03
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18.41% MR ARE r 25 1 020 HULAT W, A7
TETT DUAG 4RI NWP S0 SRS (45 ) A [ 2 22
IGAE T BT R AR IEAT NWP XU & 1E i Sk .
4.5 REFGHEHET NWP KRS IR EIE TR

ROt

KRR RINE IE )77 00 NWP R T &
1E, AR TR AR B IE R, w10
Fise T RAESMEIEREA, NWP XGRS IER
T 22 i A TIOI B K R 38 0 T 228, MAE. RMSE 7E
8h Z AU EEWIN, [HETE 8h 25, MAE. RMSE
FBARGFFAA . ik, AR ET LN T
R R SR R BT [R) RO TR I NWP RUdfE IE. 72 H
P 24 h FITIIIEHC TR, ASCHTH NWP XUEAE IEHR
) MAE 7E 0.8 m/s £ 43, RMSE 7 1.0 m/s
FEAWD . B IERIR TR YE RS NG, Bt i 5
ERAE LR

DDPG +—LSTM o]
SVM —e—RDPG -~ 1
—e— NWP 54550 g
. ,,r‘ S oo 0o

25+

e
20F 7 e

1.5F

MAE/(m/s)

10} PP S DS S

0 4 8 12 16 20 24

FEA £i/h
3.0 T T T T
DDPG ——LSTM
SVM —e—RDPG o
2.5F —o— NWPHLAEIE el 1

. s
P 206000
P »

200 &7 e

RMSE/(m/s)

0 1 g 1216 20 24
FEAR R/
B 10 FEIRERE T NWP KRS EiRZEHILLE
Fig. 10 Comparison of NWP wind speed correction errors

under different time scale
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0.53 m/s. MAPE N 9.35%. tH3< &% r v 0.93, M
Ee T 546 NWP XUEFNFEFE, RDPG S IERE
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Table 8 Model-corrected NWP wind speed indices

under different forecast durations

i [ JiE MAE/m/s) RMSE/(m/s) r MAPE/%
NWP 1.78 1.80 0.63 85.5
SVM 0.61 0.64 0.68 15.7
lh  LST™M 0.43 0.56 0.90 9.56
DDPG 0.45 0.58 0.89 9.61
RDPG 0.41 0.53 0.93 9.35
NWP 2.15 2.17 0.41 99.4
SVM 0.69 0.92 0.65 18.5
4h LSTM 0.70 0.92 0.67 18.2
DDPG 0.68 0.90 0.69 18.1
RDPG 0.68 0.87 0.85 17.7
NWP 217 221 0.38 100.1
SVM 0.90 1.00 0.55 20.5
12h  LSTM 0.92 1.08 0.53 20.8
DDPG 0.86 0.92 0.65 19.9
RDPG 0.79 0.88 0.82 19.6
NWP 261 271 0.62 88.2
SVM 1.68 1.96 0.68 303
24h  LSTM 0.98 1.13 0.74 24.4
DDPG 0.95 1.09 0.77 23.1
RDPG 0.87 1.02 0.80 213
5 &g

BRI NWP XU % 22 068 XU )y 2 PN ARS 2 )
ANHIFZNE, ORI e LB R RN L R BEIEAT
ZaVERREE M. ASCRM Tk NWP KGR A
IRZERFER RDPG K AZ IEAEAY, 8 I A SR 7 AT
LA B 4he

1) B F IR B AR LS, Rl 73 %4> NWP
RGHEARFE IE 5 22 5 s 0 A AT/ i P A SR X 1)
SR T R RZENT NWP KOEAE IE R R, A
R R R TN R

2) KA XA GEHHRAEACE NWP SR 6 SRFAIE
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