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Thermal Infrared (TIR) System

Sequence of Overlapping Images

Pixel Size: 0.5 – 1.5 meters

Ground Footprint: 100 - 400 meters



Local Variability – Cause? August 15, 2003
22.3oC -> 19.4oC



Hyporheic exchange caused by a push-up dam



Local Variability – Cause?



Cold Water Augmentation 
from a large spring





water temperature α heat energy/water volume

water temperature α heat load/discharge

or for a stream

water temperature change 
as a function of heat exchange per unit volume 

water temperature α heat transfer/mass transfer



Heat Transfer

Any heat added or taken away from the system







Solar altitude and azimuth



Angle of incidence, solar reflection



Topographic shading



Effective shade from land cover













Solar PathFinder



SunEye



Atmosphere    Land Cover   Back (stream)

Longwave Thermal Radiation





Substrate conductive flux



Mass Transfer
instream mixing and any volume added or taken away



hyporheic









Temperature Models

1. Empirical (remote sensing)
2. Empirical (spatial autocorrelative)
3. Mechanistic 



MODIS 
(Moderate Resolution Imaging Spectroradiometer)

• Instrument aboard Terra and Aqua 
Satellites

• View entire earth surface every 1-2d
• 36 spectral bands
• Spatial resolution 250-1000 m



MODIS
Land surface 
temperatures
(1 km2)



Temperature logger data
• John Day Basin
• 2000-2009
• 510 sites 
• 79,790 logger days



“… Land Surface Temperature (LST) …. is a measure of 
thermal conditions at the Earth’s surface. These conditions 
are influenced by air temperature, climate, surface 
geology, vegetation, elevation, and physiography, among 
other factors, and these are the same factors that 
influence the temporal and spatial variation of temperature 
in many stream systems.”

McNyset et al. 2015

Approach: correlation between 
temperature loggers and LST



Figure 5. Relationship between Daily Mean Water Temperature (˝C) and Land Surface Temperature
(K) for all sites, 2000–2009 in the John Day River basin. The black line and r2 are from a simple linear  
regression (DMWT ~ LST).

McNyset et al. 2015

LST vs temp logger correlations



Figure 7. Stream temperature predicted from the global, site-specific, and HUC models for 2000–2009
vs. the observed values. The validation data plot is the jackknife-by-site, leave-one-out validation
data for all years vs. the predicted temperatures for those sites from the global models for each year.
The solid black line is the simple linear regression between the predicted and observed temperatures
(with r2 for that relationship). The dashed line is the one-to-one relationship.

McNyset et al. 2015

Global vs Site-specific correlations



Figure 8. Example of observed and predicted daily mean stream temperature from one site
across 10 years (2000–2009). The site is located on the North Fork John Day River above the
confluence with Camas Creek. Blue dots are observed daily mean stream temperature and
the gray line is estimated daily stream temperature from site-specific models in years where
data are available, and the black line is from HUC-based models.

Captures temporal variability



Site-specific factors (e.g. springs) can be important



Figure 10. Sensitivity analysis mean root mean squared errors (and standard deviation of those
means) from the N-i site jackknife for all basins. Mean Root Mean Squared Errors on the Y-axis, and
the number of included sites on the X-axis for all graphs. “Spring” indicates data from the first half of
the year (and “Fall” the second half) as determined by the peak mean temperature across the year.
(a) Tucannon River basin; (b) Upper Grande Ronde River basin; (c) Wenatchee River basin; (d) Lemhi
River basin; (e,f) John Day River basin.

How many temp 
logger do you 
need?
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Large spatial extents



Pros-
• Relatively straight forward
• Large spatial scales & year round estimates (assuming 

temp loggers available)
Cons-
• Projections not currently possible (e.g. management 

scenarios, climate change)
• Must have data loggers in the network
• Can miss important smaller scale drivers

MODIS correlation approach 



Spatial Autocorrelation

• Spatial Autocorrelation (SAC): degree to which 
observations are independent of one another 

• General Rule: observations that are closer to each other are 
more similar that those that are farther apart 

• Environmental factors and species specific adaptations can 
dictate spatial structure
o Temperature 
o Spawning densities/location 

• Sites kilometers apart may demonstrate SAC
• Incorporate into models: Isolate spatial structure, focus on habitat 



Spatial Stream Network (SSN)

Peterson and Ver Hoef , 2010

Streams operate differently than terrestrial systems:
• Directional
• Branching network
• Hydrologic distances not Euclidean



Semivariogram



https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017WR020969

• >100 resource groups
• >220,000,000 temp recordings
• >22,700 stream sites

NorWeST

Dan Isaak et al. 

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2017WR020969








Pros-
• Remove auto-correlation to reveal more accurate and relevant 

controlling factors
• Large spatial scales (logger information needed but large database likely 

has this covered in western US)
• Moderate ability to predict 
Cons-
• Projections not currently possible for many management scenarios
• Can miss important smaller scale drivers
• Limited temporal information (mainly for mean August temperature)
• SSN requires a fair amount of GIS prep and statistical analysis

SSN/SAC multiple regression approach 









Heat Source: Stream position and channel width



Temperature under proposed scenario



CHaMP Surveys

Thermal experience
Drift biomass

Total Drift Biomass (mg/100m3)
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Heat Source calculates 
longitudinal profiles of 

temperature under different 
scenarios

Habitat surveys used to 
calibrate Heat Source and 

estimate drift biomass

Bioenergetics model 
translates drift and 
temperature into 

growth

Model growth 
potential profiles 
under different 

scenarios



Growth under proposed scenarios



Stream Segment Temperature Model (SSTEMP) Version 2.0
Revised June 2004

John Bartholow, USGS

Other temperature models

https://www.sciencebase.gov/catalog/item/53ea4091e4b008eaa4f4c457



Pros-
• Can provide very accurate results
• High resolution - can pick up small scale but important influences
• Greater ability to predict
• Can evaluate multiple management and climate scenarios
Cons-
• Requires a lot of input information; can be very time consuming to compile
• Limited temporal information (e.g. August temperatures for one year)
• Limited spatial extent (generally used for mainstems)

Mechanistic modelling approach 



Levins 1966

From Bullock 2014
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