Supplementary Table 1 | Province-level power forecasting accuracy (1 − NRMSE, %)
	
	UniWind
	iTransformer
	Dlinear
	XGBoost
	Moirai
	TimeLLM
	TimeMixer

	Gansu
	82.47 
	81.54 
	81.36 
	80.72 
	78.51 
	73.60 
	73.38 

	Fujian
	86.33 
	82.91 
	82.60 
	81.10 
	79.89 
	72.79 
	82.47 

	Jilin
	84.57 
	82.76 
	82.25 
	81.51 
	82.21 
	76.86 
	82.06 

	Shandong
	83.84 
	82.90 
	82.55 
	81.13 
	81.58 
	74.99 
	80.91 

	Sichuan
	78.27 
	77.94 
	77.31 
	76.95 
	76.45 
	71.52 
	76.39 

	Yunnan
	88.43 
	85.77 
	85.48 
	84.08 
	85.91 
	76.85 
	85.63 

	Liaoning
	82.92 
	81.34 
	80.76 
	80.08 
	78.70 
	73.58 
	78.97 

	Hebei
	77.28 
	75.33 
	72.61 
	75.00 
	75.60 
	70.00 
	74.38 

	Hubei
	82.19 
	81.43 
	81.25 
	79.90 
	80.80 
	72.49 
	80.56 

	Jiangsu
	82.36 
	81.92 
	81.69 
	75.95 
	79.25 
	70.71 
	79.08 

	Jiangxi
	83.41 
	83.48 
	81.77 
	81.69 
	80.90 
	71.96 
	81.43 

	Anhui
	85.60 
	84.10 
	83.52 
	79.53 
	82.83 
	73.39 
	82.50 

	Guangdong
	83.24 
	82.76 
	79.84 
	81.49 
	78.76 
	73.30 
	78.55 

	Neimeng
	80.87 
	79.62 
	79.48 
	78.74 
	76.08 
	73.14 
	76.77 

	Average
	82.98 
	81.70 
	80.89 
	79.85 
	79.82 
	73.23 
	79.51 


Supplementary Table 2 | Power forecasting accuracy under different terrain conditions (1 − NMAE, %)
	
	Mountains
	Plains
	Plateau
	Offshore

	UniWind
	82.39
	83.68
	82.27
	83.17

	WFSM
	81.36
	82.23
	82.4
	81.97

	TSFM
	79.03
	79.58
	80.25
	79.31


Supplementary Table 3 | Power forecasting accuracy across different wind resource levels (1 − NMAE, %)
	
	<70 W/m2
	70~90 W/m2
	90~130 W/m2
	130~150 W/m2
	150~210 W/m2
	210 W/m2

	UniWind
	82.29
	83.62
	83.14
	82.05
	83.58
	84.09

	WFSM
	80.57
	82.58
	82.05
	81.82
	82.43
	82.48

	TSFM
	77.29
	80.87
	80.04
	79.5
	80.31
	77.17


Supplementary Table 4| Power forecasting accuracy for unseen wind farms by province (1 − NRMSE, %)
	
	Target-site data
	Gansu
	Fujian
	Jilin
	Shandong
	Sichuan
	Yunnan
	Liaoning
	Hebei
	Hubei
	Jiangsu
	Average

	UniWind
	0%
	 85.66 
	 85.86 
	 80.37 
	 86.32 
	 82.17 
	 81.23 
	 87.37 
	 81.93 
	 85.73 
	 83.91 
	84.05 

	
	10%
	 86.87 
	 87.35 
	 84.15 
	 88.86 
	 84.26 
	 80.87 
	 87.69 
	 84.60 
	 87.79 
	 84.59 
	85.70 

	
	100%
	 86.94 
	 87.25 
	 84.77 
	 88.80 
	 84.13 
	 84.61 
	 88.81 
	 85.22 
	 87.67 
	 85.42 
	86.36 

	iTransformer
	10%
	 84.49 
	 84.55 
	 80.85 
	 82.44 
	 80.99 
	 79.14 
	 87.73 
	 79.75 
	 81.43 
	 82.41 
	82.38 

	Dlinear
	
	 83.11 
	 84.03 
	 80.18 
	 79.99 
	 81.40 
	 78.81 
	 87.08 
	 78.82 
	 82.39 
	 79.34 
	81.51 

	XGBoost
	
	 84.47 
	 84.29 
	 80.24 
	 82.72 
	 79.69 
	 78.25 
	 85.75 
	 78.84 
	 80.33 
	 80.63 
	81.52 

	iTransformer
	100%
	 85.74 
	 87.19 
	 83.08 
	 88.60 
	 83.78 
	 83.48 
	 88.68 
	 83.17 
	 86.15 
	 83.18 
	85.31 

	Dlinear
	
	 85.73 
	 87.05 
	 82.68 
	 88.16 
	 83.67 
	 77.44 
	 87.22 
	 82.91 
	 84.32 
	 81.45 
	84.06 

	XGBoost
	
	 84.97 
	 86.05 
	 81.77 
	 87.11 
	 82.85 
	 82.67 
	 85.53 
	 81.35 
	 82.83 
	 83.12 
	83.83 

	Moirai
	0%
	 81.87 
	 81.54 
	 76.79 
	 75.74 
	 71.22 
	 73.14 
	 82.55 
	 83.37 
	 84.88 
	 85.19 
	79.63 

	TimeLLM
	
	 78.38 
	 76.64 
	 76.64 
	 75.17 
	 77.62 
	 72.78 
	 76.30 
	 75.20 
	 80.02 
	 78.98 
	76.77 

	TimeMixer
	
	 81.29 
	 80.98 
	 81.14 
	 79.46 
	 81.03 
	 77.15 
	 81.98 
	 81.62 
	 86.14 
	 85.63 
	81.64 

	Moirai
	10%
	 83.06 
	 79.96 
	 77.77 
	 78.88 
	 72.40 
	 73.46 
	 81.69 
	 83.60 
	 86.58 
	 85.99 
	80.34 

	TimeLLM
	
	 78.12 
	 76.36 
	 77.67 
	 75.74 
	 75.77 
	 72.72 
	 76.29 
	 76.11 
	 80.64 
	 79.11 
	76.85 

	TimeMixer
	
	 81.45 
	 81.25 
	 80.60 
	 80.50 
	 81.26 
	 77.49 
	 82.16 
	 85.07 
	 86.06 
	 85.78 
	82.16 

	Moirai
	100%
	 85.07 
	 80.17 
	 76.45 
	 78.87 
	 75.28 
	 71.12 
	 81.95 
	 82.62 
	 87.38 
	 85.17 
	80.41 

	TimeLLM
	
	 78.20 
	 76.41 
	 77.25 
	 75.37 
	 77.04 
	 72.83 
	 76.30 
	 76.04 
	 79.62 
	 77.96 
	76.70 

	TimeMixer
	
	 83.36 
	 80.77 
	 81.08 
	 80.18 
	 81.53 
	 77.23 
	 82.35 
	 85.14 
	 87.75 
	 85.20 
	82.46 







Supplementary Table 5 | Forecasting metrics for long-lasting low wind power events (LLWPE)
	
	AUPRC
	AUROC
	1-NRMSE (%)
	1-NMAE (%)

	UniWind
	0.6585 
	0.8168 
	85.96
	91.22

	iTransformer
	0.5844 
	0.7630 
	82.81
	87.30

	Dlinear
	0.5325 
	0.7081 
	75.12
	79.89

	XGBoost
	0.5034 
	0.6381 
	68.50
	72.76

	Moirai
	0.4494 
	0.6598 
	83.02
	85.15

	TimeLLM
	0.4240 
	0.6119 
	77.33
	76.95

	TimeMixer
	0.3892 
	0.5562 
	71.75
	72.22


Supplementary Table 6 | Forecasting metrics for large wind power ramp events (LWPRE)
	Model
	AUPRC
	AUROC
	1-NRMSE (%)
	1-NMAE (%)

	UniWind
	0.0998 
	0.5881 
	72.97
	77.73

	iTransformer
	0.0837 
	0.5316 
	69.34
	74.68

	Dlinear
	0.0766 
	0.5036 
	65.11
	70.25

	XGBoost
	0.0821 
	0.4579 
	58.85
	65.77

	Moirai
	0.0846 
	0.5355 
	68.93
	74.52

	TimeLLM
	0.0769 
	0.4849 
	63.72
	69.88

	TimeMixer
	0.0799 
	0.4555 
	58.17
	64.19
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[bookmark: _Hlk122944334]Supplementary Figure 1 | Power forecasting trajectories by province.
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Supplementary Figure 2 | Sensitivity of reserve-related annual savings to reliability targets and reserve prices. The contour map shows the proxy-based annual cost saving estimate associated with reduced upward reserve requirements when using UniWind, reported per 100-MW wind farm. For a reliability target of , the required upward reserve is proxied by the -quantile of forecast shortfalls, The reserve reduction  is computed as the difference between the best WFSM quantile and the UniWind quantile. Annual savings are converted as  where is the assumed upward reserve price (CNY/MW·h),  is the equivalent annual utilization hours. The dashed horizontal line marks the reference price CNY/MW·h used in the main text. The vertical dashed lines mark reliability targets of 95% and 99%. The annotated points report the corresponding reserve reductions ( MW at 95% and MW at 99%) and the implied annual savings at the reference price. This analysis is a quantile-based proxy derived from forecast error statistics. It is not a full power-system simulation with unit commitment and real-time dispatch constraints.


Supplementary Methods
S1 | Metrics for long-lasting low wind power events and large ramp events
S1.1 Event detection from point forecasts
We derive event labels directly from point forecast sequences and evaluate whether predictions capture event occurrence within each forecast window, computing metrics separately for each wind farm and month.
For wind farm and month , we collect the set of forecast windows . Each window has length at 15-min resolution. For each window , we construct a binary label and a continuous score . We then compute monthly AUROC and AUPRC on . Finally, we aggregate results over all pairs.
S1.2 Definition of LLWPE
For LLWPE, we set a low-power threshold p.u. For a window sequence , we define the longest contiguous low-power duration (in time steps) as

The window label and score are

where is the predicted power sequence and is the indicator function.
S1.3 Definition of LWPRE
For LWPRE, we set a ramp threshold p.u. We define the maximum 30-min ramp magnitude within a window as

The window label and score are

S1.4 AUROC and AUPRC computation
For either event type (LLWPE or LWPRE), we scan a threshold to obtain binary decisions

We compute
where yields the ROC curve and AUROC. We also compute

where yields the PR curve and AUPRC. We denote monthly metrics as and , and aggregate them over all wind farms and months. Because extreme events are rare, we report both AUROC and AUPRC. AUPRC is more informative under class imbalance.

S2 | Calculation of regional grid-assessment penalties
To quantify how improved forecasting accuracy affects grid-assessment penalties, we compute penalties under the wind power grid-assessment rules used in the six major regions of China. We use consistent daily and monthly definitions across regions.
Let index days within a month and index time steps within a day. We use 15-min resolution. Therefore, and the time step is h. The installed capacity of a wind farm is (MW). The electricity price is (CNY/MWh). The predicted and measured power at time are denoted by and , respectively. Both can be expressed in per unit (p.u.) or MW, but they must use the same unit. We introduce the positive-part operator

Monthly penalties are defined as the sum of daily penalties:

S2.1 North China region1
North China derives daily accuracy from a weighted RMSE, and computes penalties as electricity price times assessed energy. The weighted RMSE is

where is the regulatory weight. If no time-of-day weighting is specified, we set . Daily accuracy is

Daily assessed energy and daily penalty are

where 0.4 is the conversion hour (or an equivalent factor) specified by the regulation.

S2.2 East China region2
East China uses daily RMSE over 96 points to derive daily accuracy and penalizes the accuracy shortfall scaled by capacity and electricity price:

 S2.3 Central China region3
Central China also uses daily RMSE to derive daily accuracy. It first computes assessed energy and then converts it to penalties:


We set and .
S2.4 Southern region4
The Southern region uses a segmented relative-error metric. It computes a daily segmented relative error, maps it to daily accuracy, and then computes assessed energy and penalties. Let be the set of power segments. Each segment has a denominator scale . The segmented relative error is

where when . The segment definitions and scales follow the regulation. Daily accuracy is

Daily assessed energy and daily penalty are

We set . The factor 0.2 is the conversion hour (or an equivalent factor) specified by the regulation.
S2.5 Northeast region5
The Northeast region uses an exceedance integral outside an allowed error band. For each time step, let and be the lower and upper bounds of the permitted deviation band. The exceedance energy is

The daily score and penalty are

S2.6 Northwest region6
The Northwest region is similar to the Northeast region, but applies a time-dependent weight when forming the daily score:

Here is the regulation-defined weight by time segment. We use the default setting for all time steps.
Finally, monthly penalties in all regions are obtained by summing daily penalties:
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