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Low Flows and High Temperatures are Common



Streamflow and Stream Temperature*

More flowLess flow

Larger volume of water

Water warms up slower

Water moves faster

Warming takes a 
 longer distance

Smaller volume of water

Water warms up faster

Water moves slower

Warming occurs over a  
shorter distance

* Summertime context, where colder, upwelling groundwater 
warms with exposure to surface conditions



Temperature and flow data are paired by date and time. 
Data from EPA Water Quality Portal https://www.waterqualitydata.us/

R2 = 0.04

Relationship Between Flow and Temperature?



Why Does This Simple Model Fail?



Silver Creek, Idaho
 

- Lots of temperature and flow data!
- Summer hydrology dominated by 
headwater springs 

Basemap: ESRI National Geographic Basemap: Google Satellite



● Flow for each segment of 
Silver Creek segment is 
modeled with:

○ Number of tributaries 
(headwater springs) 

○ Drainage area
○ Index flow at USGS gauge

● The distribution of flow across 
Silver Creek varies with the 
index flow

○ During lower index flows, 
the water is skewed 
higher in the network

Modeling Streamflow Across Silver Creek

USGS gauge 13150430 
at Sportsman’s Access 
defines the `Index` flow 
of Silver Creek



● The streamflow model explains about 
82% of the observed variation in 
summer flow (~6000 measurements)

● These results are affected by 
irrigation withdrawals, which are an 
important manipulation of the 
system, but are not an explicit 
component of this model.

Modeling Streamflow Across Silver Creek



Flow and Temperature Across Space and Time
 



Stream Temperature Across Space and Time
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Stream Temperature Model

                                         = Tgw + 1-e a*RI b  * c * Esun * Tair

• Tgw is the fitted intercept representing groundwater temperature 
• Esun is the maximum sun elevation (indicates day length)
• Tair is the air temperature
• RI is the residence index (used to determine the warming potential)
• a, b, and c are fitted terms

This model describes the warming from Tgw towards Tair as mediated by 
RI and day length

Warming Potential

Maximum 
Stream 
Temperature



Stream Temperature Model Performance

This model explains 76% of the 
observed variation in 
summertime maximum Silver 
Creek stream temperatures across 
~50,000 measurements 

Observed Temperature (oC)
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Stream Temperature Model Results

In an exploratory 
capacity, this model 
can be used to 
consider the effects 
of streamflow on the 
patterns of stream 
temperature



High Flow Scenario
(130 cfs)

Avg Temperature: 
62OF 

38% of the network is 
above 65OF 



Medium Flow 
Scenario (104 cfs)

Avg Temperature: 
63.5OF 

52% of the network is 
above 65OF 



Low Flow Scenario
(80 cfs)

Avg Temperature: 
64.5OF 

56% of the network is 
above 65OF 



Implications for Montana’s Dewatered Streams?



Thanks!

Contact: scarlson@clarkfork.org

This work is  funded by USDA NIFA as a part of a broader 
project, Integrated predictive water quantity and quality 
models to support healthy agroecosystems and water 
resource management

mailto:scarlson@clarkfork.org




Flow Model Details



Temperature Model
 Details




