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INTRODUCTION 
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Boise Aquatic 
Sciences Lab 

Idaho Water Center 
Fish and watershed 

research 
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U.S. Forest Service Research, Boise Aquatic Sciences Lab, located in the Idaho Water Center. Focus on fish and watershed research.
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Boise Lab Stream Temperature 
History 
1) Air temperature based model 

Generated using sampled bull trout lower 
limit locations, air temperature, elevation, 

latitude, and longitude 

Rieman et al. 2007 

2) Multiple regression model 
Based on observed stream temperature data 

and elevation, catchment area, slope, lake 
presence, and burn history 

Isaak et al. 2009 
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Previous modeling work at the lab has lead to the current state of knowledge. The first stream temperature model was based on air temperature. The second model used observed stream temperature and spatial covariates.



Boise Lab Stream Temperature 
History and NorWeST 

3) Spatial statistical model  
Used STARS geospatial tools and SSN 

statistical package with observed stream 
temperatures and spatial and climate 

covariates 
Isaak et al. 2010 

4) NorWeST regional model 

http://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html 

Uses the spatial statistical approach with a 
massive temperature sensor network and 

processing at a landscape scale  
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A third model incorporated spatial statistical tools. The current model is regional in scope and is being used in the NorWeST project.
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Partners 
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NorWeST OVERVIEW 
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NorWeST overview section.



NorWeST 
 

1) Regional Temperature Database 
 

2) Modeled Stream Temperatures 

Purpose: Conduct climate 
vulnerability assessments 

for aquatic species 

Extent: Northwest U.S. 
350,000 stream km 
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The NorWeST project has two components, a regional temperature database and modeled stream temperatures. Both are distributed free of charge. The purpose of the project is to conduct climate vulnerability assessments. The project extent is the NW U.S.



Products 
1) Summarized stream 

temperature observation 
data (database) 

2) Modeled stream 
temperature scenarios 

Excel and 
ESRI GIS 

format 
 ESRI GIS 

format 

Daily metrics Annual August means 

 Salmon Basin 
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Two products are available for download: 1) Stream temperature observation data summarized by daily August means. 2) Modeled stream temperature scenarios for individual years from 1993-2011 and 10 year and 19 year averages.



GIS Base Layer 
• NHDPlus Version 1 • 1:100,000 scale stream 

lines 
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Stream temperatures are modeled in GIS format using NHDPlus streams lines as the base layer.



Modeling Scale 
Models are fit and run at the 

HUC 3 watershed scale 
Results are generated at 

approximately 1 km 
resolution  
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Models are fit and run at the HUC 3 watershed scale. Results are generated at 1 km intervals along the stream network.



Modeling Approach – Step 1 

At every observation location obtain: 

e.g. elevation, 
canopy cover, etc. 

1) Stream 
temperature 
(dependent) 

2) Nine spatial 
variables (GIS) 

(predictors) 

3) Two climate 
variables 

(predictors) 

Stream flow 

Air temperature 

Collect/Generate Input Data 

Data aggregated from 
contributors 
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The modeling approach involves three steps. Step one involves collecting the input stream temperature data (dependent variable) and the predictor data (independent variables). The predictor data are spatial variables and climate variables.



Modeling Approach – Step 2 

1) Stream temperature 
2) Spatial variables 
3) Climate variables 

Spatial statistical tools 

X1 

X2 

X3 

X4 

X5 

At the basin scale, 
correlate stream 
temperature with the 
predictors 
 
Fit the model with: 

Fit the Model Using the Input Data 

using 
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Step two involves fitting the model at the HUC 3 watershed scale. Spatial statistical tools are used in the process, described later in the presentation.



Modeling Approach – Step 3 

Generate modeled 
stream temperature 

output at 1 km 
interval 

X1 

X2 

X3 

X4 

X5 

Generate Modeled Temperatures 

Presenter
Presentation Notes
Modeled temperatures are generated using a multivariate approach with spatial statistical tools that incorporate network awareness.



DATA DETAILS 
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Data details section.



Temperature Sensor Network 

• About 15,000 
unique stream 
sites 
 

• 45,000,000 
hourly 
observations 
 

• Over 50 
contributors  

Observed Temperatures for Modeling and 
Distribution 
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A temperature sensor network is the foundation for the temperature modeling.



Preprocessing 
Observed Temperature Database 

• Many thousands of records 
 

• Thousands of errors and 
inconsistencies 
 

• Errors: formatting, temperature, 
location 

Challenge: Ensure consistent formatting 
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Data from the observed temperature network comes from a variety of contributors and requires a great deal of preprocessing to identify and correct errors.



Preprocessing 
NHDPlus Stream Lines 

Braids and sinks Diversions and inconsistent 
flow 
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The NHDPlus stream line data also requires a great deal of preprocessing to correct features that will generate errors in the spatial statistical tools.



1 Kilometer Data Model 
Stream network divided 

into 1 km segments 
Each segment is assigned 
a point (prediction point) 

• Temperature predictions for every line and point 
• Facilitates habitat patching 
• Points provide spatial bridge to other stream layer sources 
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The NHDPlus data are reformatted into a 1 km data model structure.



MODELING 
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Modeling section.



1) Spatial variables 
 
2) Climate variables 
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There are two types of predictors (variables), spatial and climate.



Spatial Variables 

• Elevation 
• Canopy percent 
• Stream gradient 
• Precipitation 
• Catchment area 
• Latitude 
• Lake influence 
• Base flow index 
• Tailwater flag 

GIS Predictors 
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List of spatial variables.



Elevation Canopy percent 

• Source: 30 m DEM 
• Elevation extracted at 

points 
• Effect: Negative 

 

• Source: National Land 
Cover Dataset 

• Summarized by 1 km 
segment 

• Effect: Negative 

1592 m 
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Elevation is derived from DEM data and percent canopy from the NLCD.



Stream Gradient Precipitation 

• Source: NHDPlus tables 
• Reach scale 
• Effect: Negative 

Presenter
Presentation Notes
Stream gradient and precipitation are derived from NHDPlus tables.



• NHDPlus reach scale 
• Effect: Positive 

• Computed for each 
prediction point 

• Effect: Negative 

Latitude (m) 

Increasing 
downstream 

Increasing 
north 

Catchment Area 
(km2) 
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Catchment area is derived from the NHDPlus and latitude is computed using GIS.



Lake Influence 

• Source: NHDPlus table 
derived from NLCD  

• NHDPlus reach scale 
• Effect: Positive 

• Source: USGS, Wolock 
(2003) 

• Acquired for each 
prediction point 

• Effect: Negative 

Base Flow Index 

% cumulative 
lake area 
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Percent of cumulative lake area is derived from an NHDPlus table. Base flow index is derived from a USGS layer. 



Tailwater Flag 

• Hand coded for each prediction point down to 
the watershed outlet 
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Presentation Notes
Prediction points are selected downstream from bottom release reservoirs and coded with a flag value.



Climate Variables 
Predictors used to estimate interannual 

stream temperature 

Stream flow Air temperature 

• Source: USGS gaging 
stations 

• Effect: Negative 

• Source: USGS modeled 
regional climate data. 
Hostetler (2011) 

• Effect: Positive 

Varies by year  
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Air temperature is derived from regional climate data. Stream flow is derived from USGS gaging stations. The same single mean value (one for air, one for flow) is applied to every prediction point across the entire production unit to represent the average August climate affect.



Spatial variables 
enable predictions 
to vary by location 

Climate 
variables enable 

predictions to 
vary by year 

1993 2003 

Spatial and Climate Variables 
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The spatial covariates control predictions among locations and the climate variables control predictions among years.



Prediction Points with Spatial and 
Climate Variables 
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Example of a shapefile attribute table with the spatial and climate variables populated for each prediction point.



Spatial Statistical Tools 
Functional Linkage of Waterbasins and Streams (FLoWS) 
Spatial Tools for the Analysis of River Systems (STARS)  

Developed for ArcGIS 9.3 
 

Spatial Stream Network package (SSN) 
Developed for R statistical software 

Google search: spatial stream networks 

Multiple regression 
with spatial network 
awareness  

Erin Peterson and Jay Ver Hoef 
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The spatial statistical tools are like a multiple regression tool with network awareness, taking into account network distance among observed temperatures and the prediction points.



RESULTS 
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Results section.



Clearwater Basin Model Results 
Parameter Standard 

Estimate 
p value 

Tailwater -13.27 0.000 
Elevation -2.81 0.000 
Drainage area 1.56 0.000 
Air temperature 1.03 0.000 
Latitude -0.83 0.004 
Slope -0.75 0.000 
Base flow index -0.73 0.005 
Precipitation -0.55 0.013 
Canopy -0.42 0.000 
Lake 0.27 0.002 
Stream flow -0.05 0.757 

Models explain  about 90% of the variance in temperature 
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Example of model results ranked by importance for the Clearwater basin.



Clearwater Basin Model Results 
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R-squared value and scatter plot of prediction results.



Output Scenarios 
Mean August 

1993-2011 

2011 

Historical 10 year 
and 19 year averages 

2 scenarios 

Annuals 
1993 – 2011 
19 scenarios 

2002-2011 

1993 

………. 
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There are 21 scenarios mapped. A 10 year and 19 year average, then annuals for 1993-2011.



Output Scenarios Attribute Table 

⁰ C 
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Example of the output attribute table.



Example Results 
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Example results for different types of drainage networks.



Lake and Tailwater Examples 

Redfish Lake Dworshak Reservoir 
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Example influence of the % lake variable and the tailwater flag.



Compare Years 
1993 2003 

Air = 11.9 ⁰C     Flow = 50.1 cms Air = 15.8 ⁰C     Flow = 26.7 cms 
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Comparison between cool and warm years.



Catchment > 10 km2 and temperature < 12 ⁰ C  
Queries  

Presenter
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Example of a query for selecting stream segments based on specific criteria.



Patch 1 
Total length: 124 km 

Mean: 9.6⁰ C 

Suitable 
Unsuitable 

Thermally Suitable 
Habitat Patches 

Patch 2 
Total length: 25 km 

Mean: 9.1⁰ C 
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Concept of habitat patches based on thermal criteria.



Suitable “patches:” Salmon basin 

Dunham 2013 presentation of preliminary information 



Patches and known presence 

Dunham 2013 presentation of preliminary information 
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Larger patches are more likely to have known presence.



Landscape Scale Patterns 

From Dunham 2013 
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Patches at a landscape scale.



DATA DISTRIBUTION 
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Data distribution section.



Google search: norwest stream temperature 
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The NorWeST web page.



Maps and Data Downloads 
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Downloads page.
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Processing status map.



Contributors 
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Contributors who have contributed observed stream temperature data, which is the foundation of the NorWeST project.



THANK YOU 
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Thank you.
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