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WIND Toolkit
5-minute resolution

2km x 2km resolution

Domain A

• Vaisala Wind Toolkit

• 2007-2013

• Continuous United 
States

National Solar Radiation 
Database (NSRDB)

• 1998 – 2014

• 30-minute resolution

• 4km x 4km spatial 
resolution

Domain B
• NREL Created using 

similar method

• 2010-2013

• Canada 

Domain C
• Also NREL created

• 2009-2013

• Southern Mexico

Preprocessing Steps
• Extract data into data 

frames that contain meta-
data fields that allow easy 
selection by lat-lon, state, 
time etc

• Interpolate to a common 
4km x 4km grid

• Limit initial analysis to 
CONUS
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• Local Climatological Data (LCD) consist of hourly, daily, and monthly summaries for 
approximately 1,600 U.S. locations.

• Data are available based on when the station began until present. 

• Hourly data includes all major meteorological fields including present weather, sky 
cover, precipitation amount and type and wind direction, sustained speed and gust.

• Summary of the day includes max and min temperature, deviations from normal, 
Heating Degree Days and Cooling Degree Days

• Best set for providing ground truth of fields impacting load and renewable resources

• Not the most consistent or easy to process dataset though.  Quite a bit of careful post 
processing needed.

Local Climatological Data (LCD)



NREL    |    4

Identifying Extreme Cold/Heat

• Use Summary of the Day from LCD to identify periods where weather is likely to drive 
large load anomalies

• Currently using 28 airport stations in large strategically selected cities

– Large load centers

– Well maintained instrumentation

Example of processed deviation from normal SOD data
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Identifying Extreme Resource Deviation
• Using collocated datasets calculate wind and solar daily CF at every point

– Assume standardized panel/turbine technologies and losses

• Calculate deviation from seven year, seven day moving window average for every point on 
every day for wind and solar assuming standard technologies

– 49 data points per average and deviation

– Roll deviations up based on regional area masks

• Daily wind deviations will on average be larger due to more production hours, power curve 
effects and higher capacity factors

• Arbitrarily chose to scale solar deviations to have the same maximum width

– Allows solar to have the same influence on event selection rankings

– Not a bad assumption based on current pricing trends, but arbitrary none-the-less

• Simple sub-regions: E/W at 105◦W, MISO North based on ND, SD, MN, IA, WI, IL, IN, and MI

2007
2008
2009
2010
2011
2012
2013



December 8, 2013

Wind, Solar & Load Driven Tail Event

(and lots of other system stressors)



NREL    |    7

December 4, 2013

Winter Storm Cleon
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December 5, 2013

(Winter Storm Cleon)
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December 6, 2013
(Winter Storm Cleon &

Winter Storm Dion)
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December 7, 2013
(Winter Storm Cleon &

Winter Storm Dion)
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December 8, 2013

(Winter Storm Dion)
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December 9, 2013

(Winter Storm Dion)
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December 10, 2013

(Winter Storm Dion)
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December 11, 2013
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December 12, 2013

(Winter Storm Electra)
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Winter Storms Cleon, Dion and Electra

• Cleon (Dec 1-7, 2013):

– 30”+ snow in ID, WY, CO, MN, WI

– 1 – 1.5” ice in DFW area

– 4”+ snow in OK, AK, IN, and OH

• Dion (Dec 5-11, 2013)

– Snow from coast to coast…literally.  Newport, OR 
on Dec 5, Baltimore on Dec 8 and Dec 10.

– 8”+ in Phili

– Freezing rain in AK, TN, KY, WV, VA

• Electra

– Snow from MI to MA, with the Northeast getting 
the most

– 4”+ in Saint Louis and Chicago, 5”+ Cleveland, 7”+ 
Detroit, 11” Albany, NY

• Record lows set in CO, OR, WA and NV

Dec 6, 2013: Richardson, TX (AP Photo/LM Otero)

Dec 7, 2013: I-35, TX (AP Photo/LM Otero)

Dec 8, 2013: NFL Game in Phili
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December 2013 Load Driving Temperatures
Departures From Normal (◦F)

2007-2014 Rank (Rankings includes the Cold Wave of January 2014)
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December 8, 2013 - Summary

• Second of many cold waves in the 
2013-2014 winter

• Combined PV and wind resource saw 
several lulls over large regions

– One of lowest 25 days for eastern 
resource.  13th lowest in MISO

– 2nd lowest wind/35th lowest solar 
in dataset for MISO

• Falls during one of the most significant 
cold periods (duration and intensity) in 
the dataset for the MISO area

• Period was challenging for T&D due to 
snow and ice

What would the impact have been on a high penetration wind and solar fleet?



Wind Driven Tail Event

February 27, 2007
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February 27, 2007 - Summary

• Largest nationwide deviation from 
average wind capacity in the dataset

– Driven by high pressure east of the 
Rockies

– West was actually slightly normal!

• The ENTIRE east is 28 CF points below 
normal wind capacity

• The northern MISO area was >36 CF 
points below for wind

• Solar resource was well above normal

• Temperatures were near and slightly 
above normal east of the Rockies

– But note the freezing line…it’s still 
winter and plenty cold for robust 
load
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Summary And Next Steps

• Initial analysis of the WIND Toolkit and NSRDB Database indicates that they can 
mined to discover periods where wind and/or solar resource exhibits tails that 
may be important to mitigate at high penetrations

• The resource obtained from the datasets exhibits a good qualitative fit with 
observed weather conditions obtained from public sources

• An initial analysis (not discussed in detail here) suggests that tail events that 
stress the “traditional” system may occur concurrently with those that stress 
renewable generation BUT periods that appear benign are also important

• We generated statistics that show geographic and resource diversity are crucial
• Cold season tails are more frequent than warm season ones but warm season 

resource tails exist too and can be concurrent with high loads
• Next steps include:

– Producing a detailed catalog of interesting events including high resource, 
low load tails in shoulder seasons

– Digging into impacts of weather on renewable operations 
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