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Global air temperature increases raise concerns about effects 

on thermal regimes of the Earth’s rivers and streams. These 

concerns are acute in the Northwest U.S. due to legislatively 

mandated water quality standards and the importance of 

recreational and commercial fisheries for cold-water species 

such as salmon and trout. Efforts to study climate effects on 

stream thermal regimes are limited by sparse long-term 

monitoring records, resulting in a lack of information on 

historical spatial and temporal variation from which to 

measure departure. We present research from the last five 

years that begins to address these shortcomings, including: 

1) estimation of stream warming rates in recent decades 

associated with long-term climate change (+0.11 ˚C/decade 

for mean annual temperatures; +0.22 ˚C/decade for summer 

temperatures), 2) development of an inexpensive protocol for 

monitoring full-year temperatures in dynamic mountain 

streams, 3) rapid expansion of an informal regional 

monitoring network from < 1,000 stream sites to > 3,000 sites 

in the last three years, 4) development and use of high-

resolution (i.e., 100’s of meters) air temperature microclimate 

models to understand variation in stream temperatures, 5) 

development of NorWeST, a comprehensive stream 

temperature database consisting of > 45,000 summers of 

temperature measurement at > 15,000 unique stream sites, 

and 6) use of new spatial statistical stream network models 

with NorWeST to krige predictions at unsampled locations 

and develop thermal information for most of the region’s 

350,000 stream kilometers. There is much yet to be learned 

regarding thermal regimes in rivers and streams but the 

accelerating pace of knowledge discovery driven by 

inexpensive sensors, computational improvements, 

geospatial technologies, and new analyses suggests that 

many important remaining unknowns will be resolved in the 

next five years.  

So I’m a fish biologist by 
trade, & my main interest in 
venturing into this field 5 
years ago was to understand 
what this (graph) will 
ultimately mean for these 
guys, which are of course all 
ectotherms & so it will be a 
lot ultimately. But I soon 
found out very difficult to 
make that leap because we 
just didn’t have very good 
stream temperature datasets 
or model outputs at the 
scales and resolutions 
resource agencies need for 
vulnerability assessments. So 
that set myself and group of 
collaborators on this 
reasearch path x years ago 
and I’m starting to see some 
light at the end of the tunnel 
wherein maybe 2 – 3 years 
from now I’ll be able to go 
back to being a fish biologist 
and finally understanding 
what this means for these 
guys…. 



+0.6 °C during 20th Century 

Global Trends in Air Temperatures 
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•>50% public lands 
•Wildland settings 
•Mountainous terrain 



Land Use & 
 Water Development 

Valuable Resources & Potential Conflicts… 

ESA Listed Species 

Climate Boogeyman 

High Water 
Temperature In Grande 
Ronde Kills 239 Adult 
Spring Chinook  
Columbia Basin Bulletin, 
August 14, 2009 (PST) 

Recreational Fisheries 



Urbanization + Reservoirs + Climate 
Change = Warming Rivers & Streams 

Kaushal et al. 2010. Frontiers in Ecology & the Environment 
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Regional Trends In Northwest Rivers 

Fraser River - Annual 
∆ = 0.18°C/decade ∆ = 0.40°C/decade 

Snake River, ID - Summer 

∆ = 0.33°C/decade ∆ = 0.27°C/decade 
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Columbia River - Summer 

Large rivers make up 
tiny part of overall 
network and these 
trends may not be 
indicative of climate 
signal 



Are There “Pristine” Sites with Long-term 
Data to Serve as Climate Sentinels? 

USGS NWIS Database (http://waterdata.usgs.gov/nwis) 

Mohseni et al. 2003 

764 USGS gages have some temperature data 

= regulated (11) = unregulated (7) 

~150 = 18 sites w/22+ years  
 from 1980 - 2009 

http://waterdata.usgs.gov/nwis
http://waterdata.usgs.gov/nwis


Regression Models for Trend Reconstruction 

 Stream site Multiple 
regression equation 

R2 RMSE 
(

 
C) 

Significant 
Interaction? 

Air Discharge 

Good 
Accuracy 

Rare 

Model control for: 
•PDO/ENSO cycles 
•Missing data 
•Inconsistent start/stop dates 
 & monitoring periods 

Air temp & discharge as predictors of interannual change 



Seasonal Trends In Northwest Stream 
  Temperatures (1980-2009) 

Isaak et al. 2011. Climatic Change 113:499-524. 



Seasonal Trends In Northwest Stream 
  Temperatures (1980-2009) 

Isaak et al. 2011. Climatic Change 113:499-524. 
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Attribution of Stream Warming Trends 
Long-term trend ~ environmental signal 
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Unregulated Rivers 
 as Significant Monitoring GAP 

Annual Temperature Cycle 

Annual Temperature Cycle 

Summer 

Time 



Easy Method for Full Year Monitoring 
 Underwater Epoxy Protocol 

Data retrieved  
 from underwater 

Underwater epoxy 
cement 

$130 = 5 years of data 

Isaak & Horan 2011. NAJFM 31:134-137 

Annual Flooding 
Concerns 

Sensors or PVC housings 
glued to large boulders 



Also Norton 

•70 rivers; 
•3 replicates/river; 
•n = 210 sites; 
•2 technicians; 
•1 summer of work; 
•Cost = $50,000; 

NoRRTN: Northern Rockies 
 River Temperature Network 



Full Year Stream Temperature 
 Monitoring Becoming Popular… 
2,761 Current full-year monitoring sites 

~500 New deployments last year 



Site Information 
•Stream name 
•Data steward contact 
 information 
•Agency 
•Site Initiation Date 

Webpage: 

Query Individual Sites 

A GoogleMap Tool for Dynamic 
 Queries of Temperature Monitoring Sites 

Google Search “USFS Stream Temperature” 

Regional Sensor Network 



Continental Monitoring Network Emerging 



Dense Air & Stream Sensor Arrays 
for Microclimate Models 

Put a plug in for 
Zack poster… 

+ 

Zack Holden, USFS, Region 1 



Spatial Variation in Temperature Changes 

Glacial Valley Buffering? 
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Systematic Change? 
  

Or Different Sensitivity? 

Site-level Change? 
 

Different Climate 
Forcing? 



Air Temperatures… 
•Meisner 1988, 1990 
•Eaton & Schaller 1996 
•Keleher & Rahel 1996 
•Rahel et al. 1996 
•Mohseni et al. 2003 
•Flebbe et al. 2006 
•Rieman et al. 2007 
•Kennedy et al. 2008 
•Williams et al. 2009 
•Wenger et al. 2011 
•Almodovar et al. 2011 
•Etc. 

 
 
 

Regional BioClimatic Assessments 
 No stream temperature component 

PRISM Air 
Map 



Spatial Air Pattern ≠ Stream Temp 

Riparian differences 

Wildfires 

Groundwater 
buffering 

r² = 0.26 
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This is spatial pattern 
of PRISM air vs 
stream 



45,000,000+ hourly records 
45,000+ summers measured 
15,000+ unique stream sites 
 

$100,000 project cost ~ $10,000,000 value     

Stealth Sensor 
 Network 



Regional Temperature Model 

Cross-jurisdictional “maps” 
of stream temperatures 

Accurate temperature 
 models 

Consistent datum for 
strategic assessments 
across 350,000 stream 
kilometers 

55 National Forests 

+ 
Training on left                        2007 validation on right
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Spatial Statistical Stream Models 

Advantages: 
•Flexible & valid covariance structures that 
accommodate network topology & autocorrelation 
 

•Much improved predictive ability & parameter 
estimates relative to non spatial models 

Valid means of estimation on networks 

Ver Hoef et al. 2006; Peterson & Ver Hoef 2010; Ver Hoef & Peterson 2010 



Example: Salmon River Basin 
 Data extracted from NorWeST 

•4,414 August means 
•1,737 stream sites 
•19 climate summers 

•Temperature site 

•60,000 ha basin 
•21,000 stream km 
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 Extreme years include mid 21st-Century “averages” 

Δ = 5°C 

3x change 



Salmon River Temperature Model 
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Covariate Predictors 
1. Elevation (m) 
2. Canopy (%) 
3. Stream slope (%) 
4. Ave Precipitation (mm) 
5. Latitude (km) 
6. Lakes upstream (%) 
7. Glaciers upstream (%) 
8. Baseflow Index 
9. Watershed size (km2) 
10. Discharge (m3/s) 
11. Air Temperature (˚C) 

r2 = 0.60; RMSE = 1.68°C 

Non-spatial Model 

Mean August Temperature 

Observed (
 

C) 

Spatial Model 

r2 = 0.89; RMSE = 0.86°C 

n = 4,414 
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Isaak et al. 2010. Eco. Apps. 20:1350-1371 



Salmon River Temperature Map 
2002-2011 mean August stream temperatures 

1 km prediction resolution 
21,000 stream km Temperature 

(
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Salmon R. 



Climate Scenario Maps 
Many possibilities once model exists… 

Adjust air temp 
& discharge 
values to 
represent 
scenarios 



Salmon River Bull Trout Habitats 

2002-2011 Historical 

Unsuitable 
Suitable 

11.2 ˚C isotherm 



Salmon River Bull Trout Habitats 

2002-2011 Historical +1˚C Stream Temperature 

Unsuitable 
Suitable 

11.2 ˚C isotherm 



Salmon River Bull Trout Habitats 

2002-2011 Historical +1˚C Stream Temperature +2˚C Stream Temperature 

Unsuitable 
Suitable 

11.2 ˚C isotherm 



NorWeST Blob Growing… 
8,888 summers of data swallowed so far… 



Supporting Research… 
Regional Stream 
 Temperature Trends… 

Stream Temperature 
 Modeling Approach… 

Epoxy field test and validation work … 

Epoxy “How-to” protocol… 



•Stream temperature 
publications & project 
descriptions & recent talks 

 
•Protocols for 
temperature data 
collection & 
demonstration videos 

 
•Processing macro for 
 temperature data 
 
•Dynamic GoogleMap 
showing current 
temperature monitoring 
sites 

Resources – Stream Temperature Website 
 Google “Forest Service Stream Temperature”  



The End 


