
Wildfire Smoke and UW WRF

Cliff Mass and David Ovens
University of Washington
WRF Workshop June 2018



During the summer 
of 2017, dense veils 
of wildfire smoke 
covered the western 
U.S. for weeks



The impacts on solar radiation were profound (e.g., 
25-35% drop in solar flux at surface in Seattle)



The result was 
substantial 
cooling (as high 
as 15F) that was 
not captured by 
the UW 
Operational WRF 
System
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UW WRF users were complaining!

• Large 
temperature 
errors where 
smoke was dense
•Messing up 

boundary layer 
depth forecasts.



So I promised to get smoke impacts into the 
operational WRF model
• In this talk I will describe our approach
•Would be very interested in any suggestions of better 

ways to do it.
• This month, we will initiate our Beta version in 

preparation for the wildfire/smoke season.



But how?

•Didn’t want to run WRF-CHEM
•Didn’t want to bother getting fire 

inventory and doing emissions 
modeling.
• In the first cut, wanted to avoid explicit  

modeling of the 3D nature of the 
smoke, just deal with the reduction of 
solar radiation to the surface.



A simple approach

• Secure a 2D field of smoke-related 
aerosol optical depth at initialization 
and forecast times.
• Plug it into the RRTMG radiation 

scheme in WRF.
• Thus, add smoke into our model with 

little overhead.
• Go home and get a class of wine.

BUT DOES THIS WORK?



Complication • Significant differences 
between various smoke 
prediction systems. 
(Canadian, Bluesky, ESRL 
HRRR)
•Most are only available for a 

few days out (72hr, which 
means would only have 60hr)
• All based on fire sources,  not 

remote sensing  of smoke



Compromise:  Use the NASA GEOS FP System

• Four times a day
• Initialization and 

forecasts are 
available
• ~30 km horizontal 

grid spacing
• Aerosol optical 

depth and 
angstrom exponent 
available



Experimental set up

•4-km domain
•GEOS 3-hourly aerosol optical depth initial conditions 

and forecast.
•GEOS 3-hourly aerosol angstrom exponent (how optical 

depth changes with wavelength)
• Fixed single scattering albedo = 0.85 
• Fixed aerosol asymmetry parameter = 0.9



Two Events:  August 6-7



September 6-7, 2017
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Appears Viable But Still More Work

• Replace with smoke related single scattering 
albedo
• Replace with snow related aerosol asymmetry 

factor
• Testing with more cases
• Perhaps needs some empirical calibration



The End



During the evening of Sunday, October 8, 2017, 
wildfires began in the hills above Santa Rosa, 
Napa, and other towns of the ”wine country” 
north of San Francisco



High-Resolution WRF Simulation of the Wind 
Country Wildfire Event: October 8-9, 2017

•36-12-4-1.3 km 
domains
• Initialized at 1200 UTC 

Oct. 8
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The End




