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+0.8 ° C during 20 th  Century  

Global Trends in Air Temperatures  



Global Trends in River Temperatures  

Moatar  and Gailhard  2006  

Webb and Nobilus  2007  

Danube River, Austria (1901 ð 2000)  

River Loire, France (1880 ð 2003)  



Temperature is Primary Control  
  for Ectotherms  Like Fish  

McMahon et al. 2007  

Brown 2004  

Temperature &  
 metabolic rates  

Isaak & Hubert 2004  

In the labé & the field  

Thermal Niche  



Western U.S. Air Temperature Trends  
1987 -  2009  1950 -  2009  

°C/decade  
*PRISM maps interpolated from weather station data  

Maps courtesy of J. Alder & S. Hostetler, OSU  



Regional Trends In Northwest Rivers  

Morrison et al. 2002  

Fraser River - Annual Columbia River - Summer 

ł = 0.18°C/decade  

Crozier  et al. 2008  

ł = 0.40°C/decade  

Snake River, ID - Summer 

ł = 0.33 °C/decade  ł = 0.27°C/decade  
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= regulated (11)  = unregulated (7)  

30 Year Monitoring Sites in NW U.S.  

monitoring very long. If do 

downstream of reservoirs, 
ǎƻ ŘƻƴΩǘ ǇǊƻǾƛŘŜ ǾŜǊȅ ƎƻƻŘ  

Data Source: USGS NWIS  
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NFK Clearwater R. at Peck  Snake R., WA at Anatone  

Example 30 Year Monitoring Records  
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SFK Bull Run River, OR  

Example 30 Year Monitoring Records  



Methods  
ÅMultiple regression models to describe seasonal stream 
temperature relationships with discharge (co -located USGS 
gage) & air temperature (3 nearest NOAA climate stations) at 
each monitoring site.  
 

Stream temperature ( Y) = b0 + b1 (air) ð b2 (discharge)  

ÅStatistical significance of trends assessed across monitoring 
sites with 1 -sample t -test  

ÅAdvantages:  1) parameter estimates for attribution &  
  significance testing  
 
  2) predictive equations for description of  
  stream temperature trends associated with  
  various climate scenarios (historic or future)  
  

   
  3) trend estimates not affected by missing  
  stream temperature observations  



Example Multiple Regression Results  
Spring period (March, April, May)  

 Stream site  Multiple  
regression equation  

R2 RMSE 
( C) 

Significant 
Interaction?  

Air  Discharge  



Isaak  et al. 2011. Climatic Change 

Seasonal Trends In Temperatures  
     (1980 - 2009)  



Spring (-0.07 °C/decade) Summer (0.22 °C/decade) 

Fall (0.09 °C/decade) Winter (0.04 °C/decade) 

values here different from value in previous slide because this graphic shows the 30/56 rates 

Unregulated sites (7)  

Seasonal Trends In Temperatures  
     (1980 - 2009)  



Attribution of Stream Warming Trends  
Air temp & discharge effects are additive  

Air  Discharge  
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Inter -annual variation ~ environmental noise  
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Inter -annual variation ~ environmental noise  
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Attribution of Stream Warming Trends  



0 

0.2 

0.4 

0.6 

0.8 

1 

Spring Summer Fall Winter 

Air Temperature Discharge 

Attribution of Stream Warming Trends  
Long-term trend ~ environmental signal  
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Attribution of Stream Warming Trends  
Long-term trend ~ environmental signal  
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Comparison to Air Temp Trends at Local Climate Stations  

Attribution of Stream Warming Trends  

Air Temperature Trend 

Stream Temperature Trend 



Mean Summer Air Temp Trends (1980 ð 2009)  

http://www.climate.washington.edu/trendanalysis/   

Similar Trends in Most Regional Streams?  

OWSC Climate Tool map  

http://www.climate.washington.edu/trendanalysis/


Spatial Variation in Temperature Changes  

Different Climate Forcing?  
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Systematic Change? 

Or Different Sensitivity?  

Site-level Change? 

Glaciation? 
Riparian type?  
Groundwater?  



Easy Method for Full Year Data  
 Underwater Epoxy Protocol  

Data retrieved  
 from underwater  

Underwater epoxy cement  

$100 = 5 years of data  

Isaak & Horan 2011. NAJFM  31:134-137 

Annual Flooding Concerns 

Sensors or protective housings 
glued to large boulders  

Google Search òStream 
Temperature Boiseó 



Massive Regional Monitoring Network  
2,160 current full - year monitoring sites  

~1,000 new 2011 deployments  



A Regional Stream  
  Temperature Database & Model  

Å250,000 stream kilometers  
Å40,000+ summers of observation?  
Å15,000+ unique sites?  

Landscape 
Conservation 
Cooperatives  



Regional Stream Temperature Datacall  
Visit the Datacall  Websiteé 

Google Search òGNLCC Stream Temperatureó 

ÅProject description  
ÅAnalytical details  
Åftp site for data transfers  



NorWeS treamT emp Database  

Viewable at the Datacall  Websiteé 

Montana Domain 
Status: 1/26/12  
2,500+ sites  
5,000+ summers  
 



Training on left                        2007 validation on right
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Data from 2007

More Efficient Monitoring  

Temperature Model & 
Thermal Maps  Thermal Habitat Assessments  

NorWeS treamT emp Applications  



Website for Accessing  
 Stream Temperature Data  


