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Motivations

X-Needs of high-resolution wind speed analysis and
forecasts for wind energy production and management

X-Since last year, RTFDDA implemented for Xcel energy, to
support wind power forecasting

X-Needs high precision hub-height wind speed (4-15 m/s)

X-Previous studies show WRF overestimating the 10-m
wind speed

Outline

1) WRF-RTFDDA Modeling System

2) Verification of SPD at wind farms

3) Statistical bias corrections schemes
Ensemble-RTFDDA will not be covered.




RTFDDA - 4D Continuous DA and Forecasting

8 cycles a day
A3-hour FDDA analysis
A24 hour forecast (D3)
A72 hour forecast (D1/2)
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Xcel WRF-RTFDDA Model Domains

Topography height meters MSL
1

D1

120°W 115°W 110°W 105°W 100°W 95°W 90°W

Model physics:
A Lin et al. microphysics
A YSU for PBL
A Monin-Oboukov for surface layer
A Kain-Fritsch CUP (Domain 1/ 2)
A Noah Land Surface Model

108°W 104°W 100°W 96°W

D1: 30 km 128x114
D2: 10 km 253x232
D3: 3.3 km 541x571

37 vertical levels with 12
levels in the lowest 1-km



Surface Bias Characteristics

U WRF-RTFDDA against MADIS surface stations
A >4500 stations over Dom 3
A From May 2 2009 up to now

Wind Speed Average bias: Temperature Average bias:
A 0.67m/s 2.14m/s A-0. 2424 C

U Errors highly depend on diurnal cycles, geographic
locations, forecasts ranges, weather regimes and season.

U Application of a Kalman Filter bias SPD
correction improves the forecasts N




Xcel Wind Farms
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Xcel Wind Farms Statistics

Hub-Height Wind Speed Statistics
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Hub-Height Wind Speed Statistics
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Under-estimation of wind-speed
0.2 m/s4 -1.3 m/s [ surface stations)

Model results differ, but overall good correlation

TX1, MN1: underestimate higher winds




TX1 Hub Height Wind Speed Stat
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Forecast of ramp events: TX1

3h Duration ramp (3h forecast)

- 3h Duration ramp (3h forecast)
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WRF/NAM/GFS comparison

Delta fcst

Delta fcst

Q/Q plots for delta values
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Statistical Bias Correction Schemes

This procedure is applied independently at ea
observation location and for a given forecast ti
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Xcel Wind Farms Bias Correction
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TX1:

ANKF Results
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Wavelet filtering
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Wavelet filtering: Stat Results at COL1
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Correlation

C WANKF lowest RMS and
highest correlation for all
forecast hours.
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