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I-WRF: Science Use Case #2: NCAR’s Role – 
Understanding Renewable Energy Droughts

• A shortfall of wind or solar energy generation 
over some time period due to weather 
variability compared to normally expected 
generation for that time of year

• Short-duration (a few hours) events can often 
be mitigated with battery storage, dispatchable 
generation, or transmission from other regions

• Longer-duration (1 day +) events are more 
difficult to cover, especially events with 
coincident wind & solar droughts

• Most RE drought events are less than 1 week, 
but some can last months
• Summer 2021 over Europe

• Lowest wind summer in the previous 60 years
• A UK energy company reported that renewable assets 

generated only 68% of the normally expected power 
for that time of year

What are renewable energy (RE) droughts?



How do we define an RE drought?

Maui Wind Farm – Video by S.E. Haupt



Mitigating RE Droughts
Open questions regarding Renewable 
Droughts:

• Need to understand patterns better to 
alleviate

• Does wind + solar help? Where are gaps?
• What spatial scale averaging is needed to 

mitigate droughts – do larger balancing 
authorities help?

• What time frames for storage are needed 
to mitigate droughts?

• Will over-deploying renewables mitigate 
droughts?

These issues require new 
spatial/temporal approaches 
Haupt, S. E., 2025: Wind droughts threaten energy reliability. Nat. Clim. Chang., 15, 814–815, 
https://doi.org/10.1038/s41558-025-02383-1.

https://doi.org/10.1038/s41558-025-02383-1


MODE – Method for Object-based 
Diagnostic Evaluation

• MODE (Method for Object-based 
Diagnostic Evaluation) was developed as 
one of the tools in MET to enable 
assessment and verification of objects 
beyond just POD/FAR
• Primary use case is for comparing model 

precipitation fields against either observations 
or another model, but can be applied to other 
fields as well

• Defines “objects” and characteristics of them
• Centroid, axis angle, object area, intensity, 

location, etc.
• Can be used to compare climatological 

distributions of selected object attributes
https://dtcenter.org/community-code/metplus 

https://dtcenter.org/community-code/metplus


Example MODE analysis

Cumulative area: 71,977 grid squares (10,364,688 km2)

WRF 24-h average 10-m wind speed, valid valid 
1962-10-30_1800

MODE objects for WS10 < 3.0 m/s



Example MODE analysis
WRF 24-h average 10-m wind speed, valid 

1962-10-31_1800
MODE objects for WS10 < 3.0 m/s

Cumulative area: 75,562 grid squares (10,880,928 km2)



Case #2: NCAR Research Status

Completed / In Progress:
• Wrote Python scripts to generate files of estimated 

capacity factor (CF) for both wind and solar at every 
grid point and hour in the NA-CORDEX files, using 
the windpowerlib and pvlib Python packages.

• Identifying and correcting metadata and 
CF-compliance issues in WRF CORDEX files

• Updating METplus code to enable it to correctly ingest 
and process CORDEX-formatted files

Next Steps:
• Calculate rolling averages of these wind & solar CFs for 

various temporal durations (e.g., 1, 3, 5, 7 days) – 
(IGD)

• Over the main interconnects (WIC, EIC, QIC, ERCOT), 
build climatologies of object attributes
• Individual object area
• Individual object 50th & 90th percentile intensities
• Total object area

• Compare stats from historical climate WRF to both 
ERA5, ERA5BC, and future climate WRF



I-WRF Science Use Case #3

Results from previous 
simulations with WRF-Chem 
(applied with a grid spacing of 12 
km) where scenarios of precursor 
emission reductions (2005 to 
2015) were applied to historical 
events with extreme near surface 
particle concentrations. The maps 
show events that impacted 
different parts of the eastern USA 
and show the probability of 
hourly PM2.5 concentration >35 
μgm-3 over the 3 days of each 
extreme events for simulations 
with 2005 (control experiment, 
left column), 2015 SO2, 2015 
NH3, 2015 NOx, and 2015 (ALL, 
right column) emissions. Areas 
with probability less than 0.05 are 
shown in white.

Guo, Y., P. Crippa, A. Thota, and S. C. Pryor, 2021a: Extreme aerosol events over eastern North America: Part 2. Responses to 
changing emissions. J. Geophy. Res. Atmos., 126, e2020JD033759, https://doi.org/10.1029/2020JD033759.

AP Photo/Adam Rountree

Plans for Air Quality Studies of the 
Northeast Corridor

CNTL             SO2             NH3               NOX             ALL

Urban Air Quality (AQ)
• Containerize WRF-Chem for this 

science use case, democratizing 
its use.

• What impacts will interannual 
variability and trends have on 
urban AQ in the Northeast U.S.?

• Assess periods of extreme 
aerosol optical depth and 
near-surface small particulate 
matter (PM2.5)



Completed / In Progress:
• Docker container of WRF-Chem 

built for Red Cloud
• Apptainer container of 

WRF-Chem built for Derecho, 
Jetstream2

• Initial demo of WRF-Chem 
container being tested on 
Derecho

• WRF nested domain built

Next Steps:
• Demonstrate use of container 

for cases of current and 
projected future AQ

• Analyze results to quantify 
projected changes in AQ.

Case #3: Research Status
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