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Expected change in mean annual air temperature

Unpublished data, J. Stamp, et al. TetraTech and USEPA



Key questions

• As air temperatures increase, will streams 
respond uniformly across space, or will 
responses be organized at finer spatial scales?

• How do such considerations affect forecasts 
for brook trout thermal habitat?

• What does this mean for stream restoration 
and conservation planning?



Many factors 
regulate stream 

temperature

Groundwater inputs are 
organized at multiple spatial 
scales: basin, stream, reach
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Shenandoah NP case study

Air and water 
temperature data 
collected during 
summer 2012



Forecast habitat suitability for brook trout from climate 
change scenarios at 3 spatial scales

Spatial model comparisons

Scale Thermal Sensitivity

Reach model Measured at fine spatial grain 
(within-stream variation)

Watershed model Measured at HUC-12 spatial grain

Boundary model Not measured; assumed strong (1:1) and 
spatially uniform



Air temperature: weak predictor of water temperature
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(C) Whiteoak (100-ha site)

0 10 20 30 40 50

Observed

MDA only; R2 = 0.03
MDA + ADD; R2 = 0.98

(B) Meadow (200-ha site)
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(A) Hughes (100-ha site)
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Air temperature + groundwater: strong predictor of water temperature



Index of 
groundwater vs. 
air temperature 
controls 
(ratio of standardized 
linear model 
coefficients)

Spatial variation in 
thermal sensitivity 
within and among 
watersheds



Days from June 23 

0 10 20 30 40 50

A
ir 

Te
m

pe
ra

tu
re

 (o C
)

10

15

20

25

30

35

2012 Observed Summer (Mean = 22.1oC)
Simulated 1.5oC increase (Mean = 23.6oC)
Simulated 3.0oC increase (Mean = 25.1oC)
Simulated 5.0oC increase (Mean = 27.1oC)

Stream temperature scenarios



Modeled 2012 + 1.5oC 2012 + 3.0oC 2012 + 5.0oCObserved
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Unsuitable habitat Suitable habitat

Reach (3oC increase)
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Watershed (1.5oC increase)
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Boundary- and watershed-scale forecasts

1° increase 3° increase 5° increase

Reach-scale forecasts

Unsuitable 
habitat



Summary

• Individual stream locations may not represent 
watershed (e.g., HUC-12) responses to climate 
change

• Elevation and watershed-based climate 
change forecasts for brook trout thermal 
habitat suitability may overestimate future 
habitat loss and underestimate future habitat 
fragmentation

• Conservation and restoration planning should 
consider habitat within reach networks



Next steps

• Evaluate landform predictors of reach-scale 
thermal sensitivity (i.e., hyporheic flow)

• Model temporal variation in brook trout 
population dynamics with landform 
predictors

• Evaluate relative importance of riparian 
reforestation for groundwater-influenced 
reach stability



Stream channel 
mini-piezometers:

Vertical hydraulic 
gradient

Groundwater 
temperature



Bounded alluvial valley segments…
Nickpoints for hyporheic flow
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Nickpoints as 
predictors of 
hyporheic flow?

Stream profile example
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stable (r ̴0) overall

• Some sites are more 
variable over time 
than others

• Some years show 
consistent patterns 
in population growth

Shenandoah National Park long-term trout monitoring data

Jastram et al. (2013)
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Experimental 
stream laboratory

Currently under 
construction at 

USGS
Leetown Science 

Center

Thermal control
Biotic interactions
Groundwater control
Replicate units
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