Supplementary Information
Retrieval-Augmented Non-Parametric Probabilistic Wind Power Forecasting under Regime-Dependent Uncertainty
Hongbin Sun, Shijun Guo, Xin Pan, Zhanpeng Qu, Jianchuan Ma and Yaqi Xu
Supplementary Methods
Evaluation metrics
A combined evaluation system covering point and probabilistic forecasting is adopted.
Point-forecast metrics include mean absolute error (MAE), root-mean-square error (RMSE), and the coefficient of determination (R²):

		

		

		



where  is the observed power,  the predicted power,  the mean of the observations, and N the sample size. Smaller MAE/RMSE and R² closer to one indicate better point-forecast accuracy.
Probabilistic-forecast metrics include the prediction-interval coverage probability (PICP), the prediction-interval normalized average width (PINAW) at the 80% and 90% nominal levels, and the Winkler score. For sample i, the lower and upper bounds of the 80% interval are Li = q0.1 i and Ui = q0.9 i; for the 90% interval, Li = q0.05 i and Ui = q0.95 i.

		

		
where R is the power range. PICP measures coverage reliability and should not be lower than the nominal level; PINAW reflects sharpness, with smaller values preferred. An ideal probabilistic forecast minimizes width while preserving nominal coverage.
The Winkler score jointly accounts for width and coverage: samples within the interval contribute only the width, while samples outside are penalized in proportion to the deviation:

		
Smaller Winkler scores indicate a better trade-off between coverage and sharpness.
Data-cleaning diagnostics
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Supplementary Fig. S1. Power–wind-speed scatter for Dataset A before and after data cleaning. The upper panel shows the original data, and the lower panel shows the cleaned data.
Supplementary Tables
Supplementary Table S1. Point and probabilistic metrics under typical non-stationary scenarios on Dataset A (80% confidence level). MAE and Winkler are in MW.
	Scenario
	Method
	MAE (MW)
	PICP₈₀ (%)
	PINAW₈₀
	Winkler₈₀ (MW)

	Normal
	DeepAR
	6.63
	87.09
	0.098
	32.39

	Normal
	QR-LSTM
	7.20
	84.47
	0.120
	37.23

	Normal
	CKDE
	7.36
	74.57
	0.125
	35.00

	Normal
	Ours
	4.39
	84.87
	0.062
	21.21

	Ramp-up
	DeepAR
	25.50
	55.14
	0.202
	136.93

	Ramp-up
	QR-LSTM
	23.94
	51.40
	0.220
	139.45

	Ramp-up
	CKDE
	34.18
	49.53
	0.254
	152.35

	Ramp-up
	Ours
	11.92
	64.49
	0.130
	59.09

	Ramp-down
	DeepAR
	20.54
	69.91
	0.218
	100.27

	Ramp-down
	QR-LSTM
	21.93
	65.49
	0.212
	80.55

	Ramp-down
	CKDE
	20.82
	79.65
	0.273
	90.58

	Ramp-down
	Ours
	9.86
	80.53
	0.129
	47.61

	Extreme fluctuation
	DeepAR
	30.72
	36.84
	0.199
	155.24

	Extreme fluctuation
	QR-LSTM
	30.82
	42.11
	0.224
	147.01

	Extreme fluctuation
	CKDE
	33.82
	57.89
	0.264
	126.02

	Extreme fluctuation
	Ours
	13.37
	73.68
	0.139
	88.68


Supplementary Table S2. Ablation metrics at the 45-min horizon. MAE, RMSE and Winkler are in MW.
	Variant
	MAE
	RMSE
	R²
	PICP₈₀ (%)
	PINAW₈₀
	Winkler₈₀

	Baseline
	11.65
	18.83
	0.959
	87.80
	0.162
	54.54

	+Weighting
	12.06
	19.05
	0.958
	78.75
	0.126
	53.21

	+Physical
	13.66
	22.27
	0.943
	72.65
	0.119
	69.80

	Ours
	10.88
	17.35
	0.966
	81.20
	0.125
	48.23


Supplementary Table S3. Complete multi-horizon point-forecast metrics on Dataset B. MAE and RMSE are in MW.
	Method
	Horizon (min)
	MAE (MW)
	RMSE (MW)
	R²

	Persistence
	15
	4.15
	7.86
	0.980

	LSTM
	15
	6.70
	11.27
	0.960

	Transformer
	15
	6.66
	11.07
	0.960

	SVR
	15
	5.00
	9.32
	0.972

	GRU
	15
	7.21
	11.50
	0.957

	QR-LSTM
	15
	13.14
	17.36
	0.903

	DeepAR
	15
	6.29
	11.28
	0.959

	CKDE
	15
	7.18
	11.96
	0.954

	Ours
	15
	3.85
	7.02
	0.984

	Persistence
	30
	7.06
	12.95
	0.946

	LSTM
	30
	9.66
	15.52
	0.920

	Transformer
	30
	10.37
	15.94
	0.918

	SVR
	30
	7.83
	12.29
	[bookmark: _GoBack]0.947

	GRU
	30
	8.92
	14.41
	0.933

	QR-LSTM
	30
	11.22
	17.55
	0.901

	DeepAR
	30
	9.03
	14.83
	0.929

	CKDE
	30
	9.52
	15.19
	0.926

	Ours
	30
	7.27
	12.62
	0.949

	Persistence
	45
	9.38
	16.81
	0.909

	LSTM
	45
	14.99
	22.27
	0.840

	Transformer
	45
	13.80
	20.70
	0.861

	SVR
	45
	10.44
	17.13
	0.905

	GRU
	45
	12.97
	18.99
	0.884

	QR-LSTM
	45
	17.95
	26.19
	0.778

	DeepAR
	45
	12.72
	19.40
	0.878

	CKDE
	45
	11.68
	17.98
	0.896

	Ours
	45
	10.37
	16.62
	0.911

	Persistence
	60
	13.26
	21.29
	0.853

	LSTM
	60
	13.83
	20.91
	0.859

	Transformer
	60
	16.18
	24.37
	0.808

	SVR
	60
	11.99
	19.84
	0.873

	GRU
	60
	14.40
	20.75
	0.861

	QR-LSTM
	60
	19.19
	29.38
	0.721

	DeepAR
	60
	15.75
	23.49
	0.822

	CKDE
	60
	13.71
	20.40
	0.866

	Ours
	60
	11.38
	20.14
	0.869


Supplementary Table S4. Complete 80% probabilistic-forecast metrics on Dataset B. PICP is in %, PINAW is normalized and Winkler is in MW.
	Method
	Horizon (min)
	PICP80 (%)
	PINAW80
	Winkler80 (MW)

	QR-LSTM
	15
	37.35
	0.079
	82.05

	DeepAR
	15
	83.80
	0.101
	31.89

	CKDE
	15
	78.20
	0.128
	39.17

	Ours
	15
	73.80
	0.048
	20.71

	QR-LSTM
	30
	67.85
	0.144
	65.55

	DeepAR
	30
	84.90
	0.154
	44.20

	CKDE
	30
	77.15
	0.157
	48.97

	Ours
	30
	77.65
	0.087
	38.37

	QR-LSTM
	45
	66.40
	0.140
	85.34

	DeepAR
	45
	63.65
	0.146
	65.50

	CKDE
	45
	76.60
	0.184
	58.26

	Ours
	45
	74.80
	0.101
	51.63

	QR-LSTM
	60
	57.05
	0.148
	101.01

	DeepAR
	60
	61.95
	0.173
	79.44

	CKDE
	60
	76.15
	0.208
	66.11

	Ours
	60
	75.40
	0.121
	59.73


Supplementary Table S5. Complete 90% probabilistic-forecast metrics on Dataset B. PICP is in %, PINAW is normalized and Winkler is in MW.
	Method
	Horizon (min)
	PICP90 (%)
	PINAW90
	Winkler90 (MW)

	QR-LSTM
	15
	91.80
	0.179
	49.16

	DeepAR
	15
	89.70
	0.128
	40.80

	CKDE
	15
	84.40
	0.174
	49.53

	Ours
	15
	86.20
	0.072
	26.99

	QR-LSTM
	30
	86.45
	0.197
	71.17

	DeepAR
	30
	90.95
	0.194
	55.79

	CKDE
	30
	83.50
	0.216
	62.43

	Ours
	30
	86.10
	0.124
	52.14

	QR-LSTM
	45
	74.90
	0.181
	134.90

	DeepAR
	45
	72.40
	0.184
	89.73

	CKDE
	45
	82.85
	0.255
	74.00

	Ours
	45
	83.90
	0.149
	71.20

	QR-LSTM
	60
	72.55
	0.211
	162.97

	DeepAR
	60
	72.45
	0.217
	108.00

	CKDE
	60
	82.65
	0.291
	88.53

	Ours
	60
	83.60
	0.188
	84.17


Supplementary Table S6. Analog-ensemble comparison at the 60-min horizon on Dataset A. MAE, RMSE and Winkler are in MW; PICP is in %, and PINAW is normalized.
	Method
	MAE
	RMSE
	R²
	PICP₈₀
	PINAW₈₀
	Winkler₈₀
	PICP₉₀
	PINAW₉₀
	Winkler₉₀

	Classical AnEn
	23.28
	35.16
	0.858
	71.25
	0.231
	109.00
	79.80
	0.293
	140.90

	DF-AnEn
	14.66
	22.99
	0.935
	82.15
	0.176
	64.78
	91.30
	0.231
	79.65

	Ours
	13.61
	21.46
	0.947
	77.55
	0.137
	58.87
	87.40
	0.180
	74.06


Supplementary Table S7. Complete multi-horizon point-forecast metrics on Dataset A. MAE and RMSE are in MW.
	Method
	Horizon (min)
	MAE (MW)
	RMSE (MW)
	R²

	Persistence
	15
	5.94
	10.65
	0.982

	LSTM
	15
	8.89
	13.89
	0.977

	Transformer
	15
	8.98
	14.27
	0.977

	SVR
	15
	7.64
	11.34
	0.985

	GRU
	15
	9.01
	14.09
	0.977

	QR-LSTM
	15
	9.61
	15.00
	0.974

	DeepAR
	15
	8.67
	14.36
	0.976

	CKDE
	15
	9.80
	15.44
	0.973

	Informer
	15
	5.97
	9.29
	0.990

	Ours
	15
	5.19
	8.54
	0.992

	Persistence
	30
	9.74
	17.25
	0.954

	LSTM
	30
	12.83
	19.80
	0.955

	Transformer
	30
	12.34
	20.10
	0.954

	SVR
	30
	10.94
	16.46
	0.969

	GRU
	30
	11.76
	18.60
	0.960

	QR-LSTM
	30
	12.34
	20.29
	0.953

	DeepAR
	30
	12.25
	19.29
	0.957

	CKDE
	30
	12.93
	20.01
	0.954

	Informer
	30
	9.09
	15.45
	0.972

	Ours
	30
	9.38
	14.42
	0.976

	Persistence
	45
	12.49
	21.82
	0.926

	LSTM
	45
	15.85
	24.58
	0.931

	Transformer
	45
	14.81
	23.54
	0.937

	SVR
	45
	14.30
	22.38
	0.943

	GRU
	45
	16.32
	25.20
	0.927

	QR-LSTM
	45
	17.45
	27.49
	0.913

	DeepAR
	45
	15.33
	24.46
	0.931

	CKDE
	45
	15.56
	23.67
	0.936

	Informer
	45
	12.35
	20.40
	0.952

	Ours
	45
	10.88
	17.35
	0.966

	Persistence
	60
	14.74
	25.44
	0.899

	LSTM
	60
	19.47
	29.46
	0.901

	Transformer
	60
	17.28
	27.78
	0.911

	SVR
	60
	17.12
	25.34
	0.927

	GRU
	60
	18.91
	28.15
	0.909

	QR-LSTM
	60
	20.78
	33.51
	0.871

	DeepAR
	60
	17.97
	28.07
	0.910

	CKDE
	60
	17.99
	26.82
	0.918

	Informer
	60
	13.57
	22.51
	0.942

	Ours
	60
	13.61
	21.46
	0.947


Supplementary Figures
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Supplementary Fig. S2. Visual comparison of point-forecast metrics across the evaluated methods on Dataset A.
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Supplementary Fig. S3. Probabilistic-forecast metrics at the 80% confidence level across forecasting horizons on Dataset A.
[image: ]
Supplementary Fig. S4. Probabilistic-forecast metrics across typical non-stationary scenarios.
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