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Water temperature matters!



Wildfires and water temperature

Combustion -> short term water temp 
increases (Hitt 2003; Beakes et al. 2014)

Reduced riparian cover -> increased solar 
radiation and summer water temps 
(Dunham et al. 2007; Isaak et al. 2009)

What about effects of wildfire smoke?



Wildfires and water temperature continued

1. Does wildfire smoke reduce solar 
radiation exposure to watersheds?

2. Does a reduction in solar radiation 
due to smoke result in reduced river 
water temps?

3. (Future) Do cooler water temps 
benefit salmonids and other cold-
water adapted species?





Salmon River watershed



Data sources
• Water temperature (daily maximum; 1997-2015)

• Gridded climate data (three day running mean):
– Air temperature (Topo Weather)
– Precipitation (Idaho Met Data)

• USGS river discharge (daily mean)

• Satellite-derived (MODIS) aerosol optical thickness (AOT) 
using the Multi-Angle Implementation of Atmospheric  
Correction algorithm (Lyapustin et al. 2011a,b)

• Fire INventory from NCAR (FINN) (Wiedinmyer et al. 2011)





Analysis
• Focused on 4 years: 2006, 2008, 2012, and 2013

• Effects of AOT (smoke) on solar radiation

• Effects of AOT (smoke), air temperature, precipitation, and 
river discharge on daily maximum water temperatures

– Confined period of analysis to June 1 through Sept 30

– GLS regression (AR-1 autocorrelation, nested with year)



AOT (smoke) and solar radiation

P < 0.001
R2 = 0.80



Water temp model

Water temperature ~ Effect (+ or -) t value P value

AOT (smoke)
Air temperature
Precipitation
Discharge
Discharge x air 
temperature



Water temp model

Water temperature ~ Effect (+ or -) t value P value

AOT (smoke) - -6.6 <0.001
Air temperature + 10.0 <0.001
Precipitation - -2.7 0.007
Discharge - -0.8 0.443
Discharge x air 
temperature

+ 0.2 0.843



Water temp model

Water temperature ~ Effect (+ or -) t value P value

AOT (smoke) - -6.7 <0.001
Air temperature + 12.7 <0.001
Precipitation - -2.8 0.006
Discharge - -1.7 0.093
Discharge x air 
temperature

Light smoke = 0.6 oC decrease 

Moderate smoke = 1.2 oC decrease

Heavy smoke = 1.8 oC decrease







Conclusions
• Wildfire smoke (AOT) reduced the amount of solar 

radiation reaching the ground

• Wildfire smoke (AOT) had a modest negative effect 
on water temperatures

• We may be underestimating the effect of smoke 
because smoke may also affect air temperatures



Conclusions

“Particulates produced from annual prehistoric fires were 
substantial and may have moderated ground sunlight intensity 
by dispersing incoming radiation to space… Skies were likely 
smoky in the summer and fall in California before fire 
suppression.” (Stephens et al. 2007)



Future directions
• Incorporate 2014 and 2015 AOT data

• Expand analysis to 10-12 sub-watersheds within the 
lower Klamath basin

• Tease out the effects of smoke on air temps (if any)







Questions?
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