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Title slide.  Stream Temperature and Thermal Networks.  A GIS and Remote Sensing Approach to Assess Aquatic Habitat.
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This research work was completed at the U.S. Forest Service, Rocky Mountain Research Station, Boise Aquatic Sciences Lab.



Boise Lab DisciplinesBoise Lab Disciplines

FisheriesFisheries
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The Boise Lab disciplines include fisheries and watershed science.



Physical Environment as a TemplatePhysical Environment as a Template

PhysicalPhysical

BiologyBiology
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The physical environment is viewed as a template for aquatic biology.



Physical Environment Affects Stream Physical Environment Affects Stream 
TemperatureTemperature

Temperature affects Temperature affects 
biologybiology

•• Air temperatureAir temperature
•• ElevationElevation
•• ShadeShade
•• Stream widthStream width
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Stream temperature is affected by the physical environment, which in turn affects aquatic biology.



Species of ConcernSpecies of Concern

Threatened Bull TroutThreatened Bull Trout

20 20 ºº
 

CC 68 68 ºº
 

FF

DangerDanger
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Bull trout are a threatened species that require cool stream temperatures.



U.S. Bull Trout RangeU.S. Bull Trout Range
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This slide depicts the range of bull trout in the northwestern U.S. and the project study area.



Bear River
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Cottonwood Creek
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Rattlesnake Creek
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Roaring River
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Sheep Creek
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Boise Basin Summer Stream Temperature Trends (1993 Boise Basin Summer Stream Temperature Trends (1993 ––
 

2006)2006)
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Presentation Notes
These graphs depict stream temperature trends in five streams of the Boise River basin.



Project Study AreaProject Study Area
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A map of the portion of the Boise River basin used for this study.



Basin DiversityBasin Diversity
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Presentation Notes
The basin contains a variety of environments ranging from high elevation mesic systems to lower, more xeric conditions.



Typical Temperature NetworkTypical Temperature Network
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Presentation Notes
A typical stream temperature network for a single year, within an average basin, might include a handful of thermographs. 



Potential Bull Trout NetworkPotential Bull Trout Network

Number of stream reaches in Number of stream reaches in 
potential range: 1500potential range: 1500

Number with known Number with known 
temperature: 11temperature: 11

Typical ScenarioTypical Scenario
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The number of stream reaches with empirical temperature measurements may be very small relative to the total number of stream reaches in a network.



Challenge:Challenge:
Estimate stream temperature at the Estimate stream temperature at the 

drainage basin scaledrainage basin scale……....
Approximate scaleApproximate scale
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Our challenge is to estimate stream temperature throughout an entire drainage basin…..



…….for all stream reaches in the basin.for all stream reaches in the basin
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…..for all stream reaches in the basin.



Goal: Relate stream temperature to Goal: Relate stream temperature to 
physical landscape variablesphysical landscape variables
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Presentation Notes
The goal of the study is to relate stream temperature to various physical landscape variables.



Stream Temperature Stream Temperature 
Thermographs and LocationsThermographs and Locations

780 observations780 observations
518 unique locations518 unique locations
14 year period14 year period
~ 40 per year~ 40 per year

ThermographsThermographs
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We obtained stream temperature data from numerous sources with 780 observations at 518 unique locations.  Data were collected over a 14 year time period.



Determine the Physical Variables Determine the Physical Variables 
that Matterthat Matter

We looked at:We looked at:
Basin elevationBasin elevation
Radiation (shade)Radiation (shade)
Air temperatureAir temperature
Stream flowStream flow
Contributing area (stream size)Contributing area (stream size)
Glacial valleyGlacial valley
Stream gradientStream gradient
Valley bottomValley bottom
Drainage densityDrainage density
LakesLakes
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We attempted to determine that physical variables that were most important for influencing stream temperature.



ElevationElevation

Solar radiation (shade)Solar radiation (shade)

Air temperatureAir temperature

Stream flowStream flow

Physical VariablesPhysical Variables
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We looked at elevation, air temperature, solar radiation, and stream flow.



Physical Variables ContinuedPhysical Variables Continued

Stream sizeStream size Glaciated valleyGlaciated valley

Stream gradientStream gradient Flat valleyFlat valley
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We also looked at stream size (contributing area), valley glaciation, stream gradient, and valley confinement.



Detour Detour --
 

RadiationRadiation
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This section of the presentation will describe our methods for estimating one of the most complex physical variables, solar radiation.



Estimating Radiation (Shade)Estimating Radiation (Shade)

Objective: Estimate incident solar Objective: Estimate incident solar 
radiation at the stream surface, for radiation at the stream surface, for 

the entire basinthe entire basin

Thematic Thematic MapperMapper

 

satellite imagery satellite imagery 
can be used to map riparian can be used to map riparian 

vegetation and thus, radiationvegetation and thus, radiation

The amount of radiation hitting the The amount of radiation hitting the 
stream surface is mostly dependent stream surface is mostly dependent 

on riparian vegetationon riparian vegetation
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Our objective was to estimate the incident solar radiation at the stream surface for the entire study are basin.  Radiation incident at the stream surface is influenced by riparian vegetation.  Thematic Mapper satellite imagery was used to map vegetation along the stream channel.



Estimating Radiation (Shade)Estimating Radiation (Shade)

We need to know how much solar radiation We need to know how much solar radiation 
gets through each vegetation typegets through each vegetation type

TreesTrees ShrubsShrubs Open/grassOpen/grass
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Presentation Notes
In order to estimate solar radiation, we sought to obtain average radiation values for general riparian vegetations classes including trees, shrubs, and open/grass.



•• Collected 181 canopy photosCollected 181 canopy photos

•• Differential GPSDifferential GPS

Estimate Radiation for Each Vegetation TypeEstimate Radiation for Each Vegetation Type
Canopy PhotographyCanopy Photography
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Presentation Notes
We used hemispherical canopy photography at 181 field locations to generate mean radiation estimates for each vegetation type.



Hemispherical Canopy PhotographyHemispherical Canopy Photography
••

 

Sites distributed among different vegetation Sites distributed among different vegetation 
types and stream sizestypes and stream sizes

•• Processed photos using Processed photos using HemiviewHemiview
 

softwaresoftware

•• Total June radiation, direct and diffuseTotal June radiation, direct and diffuse

••
 

Radiation values range from 118 Radiation values range from 118 ––
 

1038 1038 
MJ/mMJ/m22yryr

•• Collected horizontal photosCollected horizontal photos
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Presentation Notes
Hemispherical canopy photo sites were distributed among a range of vegetation types and stream sizes.  Photographs were processed using Hemiview software to estimate radiation.  We computed total June radiation and the radiation values ranged from 118-1038 MJ/m2yr.  Horizontal digital photographs were also collected at each sample site.



Radiation Radiation 
(MJ/m(MJ/m22yr)yr)

118118

10381038

Canopy Photography and HorizontalsCanopy Photography and Horizontals
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This slide shows the high and low radiation locations in the canopy photo and horizontal photo views.



Cover ClassesCover Classes

OpenOpen

ShrubShrub

ConiferConifer
RadiationRadiation
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Presentation Notes
Radiation increases from closed (conifer) to more open vegetation environments.



Mean Radiation Per Cover ClassMean Radiation Per Cover Class

•• Open/GrassOpen/Grass
 

786786

•• Broadleaf  ShrubBroadleaf  Shrub
 

687687

•• ConiferConifer
 

476476

Cover ClassCover Class

OpenOpen ShrubShrub ConiferConifer

RadiationRadiation
 

(MJ/m(MJ/m22yr)yr)
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Mean radiation values were estimated for each vegetation class.



ImageryImagery VegetationVegetation

Imagery to VegetationImagery to Vegetation
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Riparian vegetation was mapped using satellite imagery.



VegetationVegetation Radiation*Radiation*

*Radiation adjusted for stream width*Radiation adjusted for stream width

Vegetation to RadiationVegetation to Radiation
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Presentation Notes
Vegetation was then converted to radiation values.  The radiation value was adjusted for stream width.



End of DetourEnd of Detour
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Presentation Notes
End of section describing radiation methods.



Accumulate Physical VariablesAccumulate Physical Variables

Each variable is Each variable is 
accumulated along accumulated along 
the stream channelthe stream channel

A distance decay A distance decay 
function is usedfunction is used

Decay tested between Decay tested between 
1 km 1 km ––

 
16 km16 km

Average upstream Average upstream 
influence is computed influence is computed 

for each variablefor each variable

Presenter
Presentation Notes
Each of the physical variables was accumulated along the stream channel using a distance decay function.  The average upstream influence was computed for each variable, for every pixel along the stream channel.



Finally Finally ––
 

Correlate Temperature Correlate Temperature 
Data With Physical VariablesData With Physical Variables

Presenter
Presentation Notes
Finally, the physical variables were correlated with the stream temperature data.



Elevation vs. Stream Temperature
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Elevation vs. stream temperature scatter plot.



Radiation vs. Stream Temperature
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Radiation vs. stream temperature scatter plot.



Air Temperature vs. Stream Temperature

0

5

10

15

20

25

15 16 17 18 19 20 21 22

Air Temperature

M
ea

n 
A

ug
us

t S
te

am
 T

em
pe

ra
tu

re

Air TemperatureAir Temperature

r = r = 0.230.23

Presenter
Presentation Notes
Air temperature vs. stream temperature scatter plot.



Flow vs. Stream Temperature

0

5

10

15

20

25

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00

Flow

M
ea

n 
A

ug
us

t S
tr

ea
m

 T
em

pe
ra

tu
re

FlowFlow

r = r = --0.180.18

Presenter
Presentation Notes
Stream flow vs. stream temperature scatter plot.



Regression ResultsRegression Results
Response variable: Highest average 7Response variable: Highest average 7--day stream temperatureday stream temperature

Multiple regression, RMultiple regression, R--squared: squared: 0.850.85

1) Basin elevation1) Basin elevation
2) Radiation (shade)2) Radiation (shade)
3) Air temperature3) Air temperature
4) Stream flow4) Stream flow
5) Contributing area (stream size)5) Contributing area (stream size)
6) Glacial valley6) Glacial valley
7) Stream gradient7) Stream gradient
8) Valley bottom8) Valley bottom

Drainage density and lakes (not significant)Drainage density and lakes (not significant)

Meaningful predictors:Meaningful predictors:

Presenter
Presentation Notes
Multiple regression results using all of the significant physical variables.
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Elevation

Radiation

Air Temperature

Stream Flow

Contributing Area

Glacial Valley

Stream Gradient

Valley Bottom

T-Statistic

Relative Importance of Each Relative Importance of Each 
Significant VariableSignificant Variable
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The relative importance of each physical variable.



Temperature Prediction PointsTemperature Prediction Points

1 km spacing in fish 1 km spacing in fish 
bearing streamsbearing streams

Make predictions using Make predictions using FLoWSFLoWS
 

softwaresoftware

http://http://www.nrel.colostate.edu/projects/starmap/flows_index.htmwww.nrel.colostate.edu/projects/starmap/flows_index.htm
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Presentation Notes
In order to predict stream temperatures for the entire basin, we generated prediction points at 1 km spacing throughout the stream network.  Predictions were made using a spatial statistical software product called FLoWS.



Mean Weekly Maximum Mean Weekly Maximum 
Temperature Temperature ººC C --

 
19931993

Presenter
Presentation Notes
Temperature predictions were run for various years with different mean weekly maximum temperatures.  1993 was a relatively cool year and reflected cooler modeled stream temperatures.



Mean Weekly Maximum Mean Weekly Maximum 
Temperature Temperature ººC C --

 
20062006

Presenter
Presentation Notes
2006 was a relatively warm year and the model predicted warmer stream temperatures.



Thermally Suitable Thermally Suitable 
Habitat Habitat --

 
Cool YearCool Year

1993 mean weekly 1993 mean weekly 
max air = 79max air = 79ºº

 
FF

Presenter
Presentation Notes
Bull trout habitat patches were generated using the thermal habitat criteria for the species.



Thermally Suitable Thermally Suitable 
Habitat Habitat --

 
Warmer Warmer 

YearYear

2006 mean weekly 2006 mean weekly 
max air = 87max air = 87ºº

 
FF

Presenter
Presentation Notes
Predicted suitable habitat was reduced between 1993 and 2006 according to the model results.



Thermally Suitable Thermally Suitable 
Habitat and FireHabitat and Fire

23% burned23% burned
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Presentation Notes
Fire also had the effect of warming stream temperatures by increasing radiation.



= Habitat lost to climate effects
= Habitat lost to fire effects
= Suitable habitat in 2006

Thermally Suitable Habitat Thermally Suitable Habitat --
 

Fire vs. Climate Affects Fire vs. Climate Affects 
1993 1993 --

 
20062006
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Presentation Notes
Climate affects were more important than fire affects for inducing warmer stream temperatures in our study area.



SummarySummary
••

 

GIS and remote sensing data (along with air temperature GIS and remote sensing data (along with air temperature 
and flow) can be used to explain about 85% of the and flow) can be used to explain about 85% of the 
variance in stream temperaturevariance in stream temperature

••
 

TM satellite imagery provides a reasonable estimate of TM satellite imagery provides a reasonable estimate of 
radiation for stream networksradiation for stream networks

••
 

Stream temperature can be mapped at the drainage basin Stream temperature can be mapped at the drainage basin 
scalescale

••
 

Thermally suitable habitat can be estimated from these Thermally suitable habitat can be estimated from these 
datadata
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Summary slide.
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