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Can wind energy and solar energy  
forecasts be improved? 

Outline 
 
• Wind Forecast Improvement Project (WFIP) 
• Wind energy forecasting results: WFIP 
• Solar energy forecasting insights: WFIP 
• Post-processing 



 Improve short-range forecasts (0-6 h) of wind speed, direction, and 
turbulence at wind turbine hub-height. 

 Deploy a regional network of upper-air remote sensing 
observations 

 Combine this network with industry provided tall-tower and 
wind turbine nacelle meteorological observations 

  Assimilate this data into NOAA’s  developmental Rapid Refresh 
(RR) and High Resolution Rapid Refresh (HRRR) NWP models 

 

 Demonstrate that the improved forecasts can reduce the cost of wind 
energy  

Wind Forecast Improvement Project 

WFIP instrumentation is being deployed for an ~12 month period: 

August 2011 – September 2012 



New Instrumentation 
915 MHz radar profiler 

     0.1-4km 

Sodar 

   40-200m 

Surface Flux 

          10m 
449 MHz ¼ scale radar profiler 

                         0.2-8km 

Lidar 
  40-200m 

Tower 
  50-80m 

Nacelle anemometers 
   85m 
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13km Rapid Refresh domain 

Current RUC CONUS domain 

3km HRRR 
domain 

RUC – older oper model - 

13km 
 

Rapid Refresh (RR) 
– new oper model in March 
2012  
- WRF model, 3D var 
assimilation 
 

HRRR - Hi-Res 
Rapid Refresh 
-Experimental 3km 
-15h fcst updated every hour 
- Initialized from RUC/RR  
 

Hourly Updated 
NOAA NWP Models 

HRRR 3D fields are available 
to the RE community through 
DOE WFIP funding 
 



OPERATIONAL RESEARCH 

HRRR (w/ WFIP obs assimilation) 

Rapid Refresh (RR) RR (w/WFIP obs assimilation) 

Rapid Update Cycle (RUC) RUC (w/ WFIP obs assimilation) 

• WFIP radar wind profiler data assimilated since August 27, 2011 

• WFIP RASS and sodar data assimilated since Dec. 23, 2011 

Preliminary model comparisons 

• Operational and research models of the same name are similar but 

not identical.  

 

• 30 day data denial experiment will soon be begun using identical 

models, w/wo new data. 

 

 

 
 



RR vertically averaged wind profiler RMSE 

w/ WFIP obs 



RR Percent RMSE Improvement – vector wind 
  38 tall towers, northern study area 
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Statistics for 100 days (August 31 – Dec 08, 2012) 













Raw 6 hour Forecasts 







Preliminary Results—
Southern Region 

• Analyses performed for 

“shoulder” month – October 

2011 when load is low and 

wind speeds are higher 

• Operational Cost Savings 

are dependent on natural 

gas prices – average actual 

price of 3.44 $/MMBtu used 

for October in Texas 

• Preliminary results show 

both environmental and cost 

benefits as a result of 

improved forecasts 



Solar Forecasting  

• Insights from WFIP 
• WFIP focused on wind, but also designed to provide useful solar data 

 
• HRRR model  is advanced in its assimilation of cloud-related observations:  
 WSR 88D and satellite data, plus aircraft data 
 
• Case study from 25 March 2012, partly cloudy in upper midwest 
 





GOES Visible 19 UTC 25 March 2012 HRRR 6 h Solar Radiation forecast valid  

19 UTC 25 March 2012 



GOES Visible 19 UTC 25 March 2012 HRRR 6 h Solar Radiation forecast valid  

19 UTC 25 March 2012 

Solar radiation  measurements taken at wind profiler sites 



HRRR solar radiation forecasts  initialized 13 UTC  25 March 2012 
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• What types of clouds exist at what heights? 

• Can your model reproduce each of these types of clouds? 

• How do the clouds interact with one another? 

• To what degree are operational cloud forecasts limited by: 

•  HPC? 

•  Observations for initialization? 

•  Physical understanding/parameterization? 

• Would a focused research effort at solar forecasting produce improvements? 



Post-processing 

• Most NOAA/NWS NWP forecasts are bias-corrected (MOS) 
 
• Private forecasting industry uses proprietary techniques 
 
• “Reforecasting” is relatively recent development that has lead to large  
       forecast skill improvements  



Reforecasting 
Hamill and Whitaker (2004, 2005, 2008, 2011) 

• Analogs – Select historical forecasts that are analogs the current forecast 
• Observational data corresponding to each analog 
• Ensemble formed from the analog observations 
 



Analog selection is based on pattern recognition 

Ensemble of analog observations  
gives improved skill score 



• 550 hourly METAR Surface Observations 

• 1 May 2010 – 31 July 2011, for a total of 457 days 

• 10-m wind speed 

Analog Ensemble vs NWP Ensemble 

 

AnEn generated using Environment Canada GEM model (15 km) 

 

NWP Ensemble from Environment Canada  

Regional Ensemble Prediction System (REPS) (33 km) 



Reliability diagram:  

10-m wind speed > 5 m s-1, 9-h fcst 

 

Spread--‐skill diagram, 

10--‐m wind speed, 42--‐h fcst 



Forecasts for wind (and hopefully solar) 
energy can be improved through: 

Closing Argument 

 New observations (accuracy, quantity, depth of 
coverage, parameter) 

 Data assimilation 

 Physical processes/model resolution/ensembles 

 Post-processing 

 



Forecasts for wind (and hopefully solar) 
energy can be improved through: 

Closing Argument 

 New observations (accuracy, quantity, depth of 
coverage, parameter) 

 Data assimilation 

 Physical processes/model resolution/ensembles 

 Post-processing 

 

W 

F 

I 

P 



Forecasts for wind (and hopefully solar) 
energy can be improved through: 

Closing Argument 

 New observations (accuracy, quantity, depth of 
coverage, parameter) 

 Data assimilation 

 Physical processes/model resolution/ensembles 

 Post-processing 

 

H 

P 

C 



Google:  DOE WFIP 






