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Pacific Northwest (PNW) of USA? 

Portland 

Seattle 

Oregon 
Idaho 

Washington 

Source: Mote and Salathe (2010) Climatic Change 



Vulnerability of water quality 

Source: Chang et al. Atmosphere-Ocean (2013) 

Table 1.  

Vulnerability Index Indicators (unit) (data period) Source 

Water quality vulnerability 

Physical Mean annual stream temperature this paper 

Erosion potential (K-factor) USGS (2011) 

Chemical Total annual N loading potential Wise and Johnson (2011) 

Total annual P loading potential Wise and Johnson (2011) 

Biological Algal bloom probability this paper 

http://www.tandfonline.com/action/showPopup?citid=citart1&id=CIT0097&doi=10.1080/07055900.2013.777896
http://www.tandfonline.com/action/showPopup?citid=citart1&id=CIT0107&doi=10.1080/07055900.2013.777896
http://www.tandfonline.com/action/showPopup?citid=citart1&id=CIT0107&doi=10.1080/07055900.2013.777896


What is the most significant WQ problem 
in the PNW of USA? 

1) Water temperature 
 

2) Nutrient 
 

3) Sediment 
 

4) E-Coli 

http://cses.washington.edu/cig/pnwc/pnwc.shtml 
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Pollutants of concern in Tri-State 



Why Stream Temperature? 

• Water quality indicator 
– Dissolved Oxygen 

– Rates of chemical reactivity 

 

• Salmon and Trout require 
specific ranges of water 
temperatures for : 
– Smoltification:  <12° C 

– Spawning: 13° C 

– Core cold water habitat: 16° C 

– Rearing and Migration:  18° C 

Source:  http://www.ilovestickyrice.com/2010/03/02/fish-facts-salmon/ 
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http://www.ilovestickyrice.com/2010/03/02/fish-facts-salmon/
http://www.ilovestickyrice.com/2010/03/02/fish-facts-salmon/
http://www.ilovestickyrice.com/2010/03/02/fish-facts-salmon/
http://www.ilovestickyrice.com/2010/03/02/fish-facts-salmon/
http://www.ilovestickyrice.com/2010/03/02/fish-facts-salmon/
http://www.ilovestickyrice.com/2010/03/02/fish-facts-salmon/


Source: Chang and Psaris (2013) 
Sci. Tot. Environ.  

Spatial variations of stream temperature and 
thermal sensitivity (TS) in the Columbia River basin 
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TS = Δ in water temp/ 
Δ in air temp 



 

Source: ORDEQ 

Temperature Impaired Streams in the 
Willamette 

Precipitation (in) 
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City boundaries 
Impaired reaches 

Stations 

Portland 



Shading 

Air temperature 

Groundwater 

Major drivers of water temperature 

Solar radiation 

850 W/m2 

Convection 

18 W/m2 

Net 
Longwave 

98 W/m2 

Evaporation 

90 W/m2 

Conduction 

35 W/m2 

Wastewater 

Hyporheic exchange 

27º 
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Trends in September and March runoff, 1958-2008 

Source: Chang et al. (2012) Geographical Analysis 
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Effects of urban development on 
streamflow and stream temperature 

http://troutstreamresearch.safl.umn.edu/ http://nac.unl.edu/buffers/guidelines/2_biodiversity/12.html 

11 

      Urban 
      Forested 



The Willamette  

River Basin 

Geology and streamflow regime 

Coastal  
Range 

Willamette 
Valley 

Western 
Cascade 

High 
Cascade 

Geology Groundwater-dominated 

Surface flow-dominated 
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Source: Chang and Jung (2010) Journal of Hydrology  

Changes in 
summer 
streamflow  

Changes in 
winter 
streamflow  

High 

sensitivity 

Low 

sensitivity 
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Case 1: Climate change impacts on stream 
temperature in the Willamette 

Climate data: 
historical & 

future 

Land cover 
data 

Willamette 
Hydrology Model 

(WHM) 

Daily 
streamflow 

Temperature 
regression model 

Daily streamflow 
15 day streamflow 

Daily max air temp 
Daily min air temp 
15 day average of daily Max air temp 
15 day average of daily Min air temp  

Daily stream 
temperature 

Daily max stream temp 
7-day average of daily max 
stream temp (7DADM) 
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Climate Drivers 

15 (Rupp, Mote et al.) 

WW2100 employs three 
climate scenarios, 
representing a range of 
temperature and 
precipitation responses 
 
High: HadGEM2-ES RCP 8.5 
Reference: MIROC5 RCP 8.5 
Low: GFDL-ESM2M RCP 4.5 
 
Reference Case scenario 
based on MIROC (Medium) 
climate change projection 
 

Low 

Medium 
(Reference 

Case) 

High 



Study monitoring stations 

16 

2011 



Thermal sensivity 

Thermal Sensitivity 

17 



Stream temperature and elevation 
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Baseflow and thermal sensitivity 

• Baseflow:  The component of streamflow originating as 
subsurface flow.   

• Baseflow Index: BFI = min(Daily Flow) divided by 
ave(Annual Daily Flow)(Poff 1996) 

 

http://www.bigelow.org/virtual/water_sub2.html 
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Baseflow Index 

Urban streams 
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http://www.bigelow.org/virtual/water_sub2.html


Observed vs. simulated stream temperature 

Johnson Creek 

South Fork 

South Santiam 

Middle Fork 

R2 = 0.92 
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Change in air temperature, streamflow, and 
stream temperature,  Johnson Creek 
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Streamflow 

Stream temp (average 7DADM) 

Stream temp (Max 7DADM) 

Air temp (min daily) 

Air temp (max daily) 



Change in air temperature, streamflow, and 
stream temperature, South Santiam 
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migration 
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Streamflow 

Stream temp (average 7DADM) 

Stream temp (Max 7DADM) 

Air temp (min daily) 

Air temp (max daily) 



Change in air temperature, streamflow, and 
stream temperature, Middle Fork 

habitat 
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Streamflow 

Stream temp (average 7DADM) 

Stream temp (Max 7DADM) 

Air temp (min daily) 

Air temp (max daily) 
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Change in 7DADMAX stream temperature by 
decade, Johnson Creek & Middle Fork 
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HadGEM GFDL MIROC5 Johnson 

Middle Fork 

24 



25 

S Santiam Middle Fork Johnson  
Δ

 in
 d

ai
ly

 m
ax

 a
ir

 t
em

p
 (

C
) 

Δ
 in

 d
ai

ly
 f

lo
w

 (
cf

s)
 

Δ
 in

 7
D

A
D

M
 s

tr
ea

m
  (

C
) 

HadGEM 

GFDL 

MIROC5 



 

Case 2: Stream temperature in the Tualatin River 
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Modeling lower Tualatin water temperature 
using CE-QUAL-W2 

Down 

Up 
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Source: Praskievicz and Chang (2011) Annals of the Association of American Geographers 

Approximately 

1.5 ˚C warmer 

5% reduction in 

flow 

Approximately 

3.0 ˚C warmer 

10% reduction 

in flow 
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- 5% Flow & +1.5 ˚C - 10% Flow & +3 ˚C 

Spatial and temporal change in water 
temperature under climate change  

Source: Chang and Lawler (2011) International Association of Hydrological Sciences 
29 



Can riparian vegetation reduce stream temperature? If so, 
how much and where? 
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Temperature Credit 

Courtesy of Clean Water Services 

Stream enhancement 
project in the Tualatin 
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- 10% Flow & +3 ˚C - 10% Flow & +3 ˚C - 10% Flow & +3 ˚C 

Number of days that water temperature exceeds     
20˚ C under base and high climate change scenarios 

Source: Chang and Lawler (2011) IAHS 
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Up Down Up Down Up Down 

-2 ˚C cooling 
from 6 
tributaries 

-2 ˚C cooling 
from 10 
tributaries 

No cooling 
from  
tributaries 

Source: Chang and Lawler (2011) IAHS publication   
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• Thermal sensitivity varies over space (High thermal sensitivity in 
lowland, urban streams with low BFI).  

• Daily maximum stream temperature is highly associated with 
daily maximum air temperature (+) and daily streamflow (-). 

• Stream temperature is projected to increase more in summer 
than in spring in PNW streams due to changes in flow regime. 

• Surface water-fed streams in mid-elevation respond to changes in 
climate more abruptly than ground water-dominated streams.   

• Climate change will further expand the spatial and temporal 
extent of thermal regime.  

• Riparian vegetation reduces stream temperature in small streams, 
but has limited effects on reducing mainstem stream 
temperature. 

 

Summary 
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