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Presentation Notes
The vulnerability of one resource or process may be the exposure of anotherHydrologic process is a key  ---  and ecological feedbacks are importantFollowing one chain



Hydrologic Connections
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Presentation Notes
Hydrologic characteristics are both vulnerable to climate changeAnd Describe ecological exposure levels



Western North America Temperature

IPCC AR 4 WGI 11.11

Presenter
Presentation Notes
From IPCC north america region physical science basis (6-16F)



Annual Runoff compared to 
1980-1999  (SRES A1B 2090-2099)

IPCC AR 4 SYR 3.5

Water Supply: GCM Projection
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The question then is sensitivity - 
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If sensitivity is small, 
uncertainty about exposure is less important!
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Two Kinds of “Non-Stationarity”
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And of course both



Water Supply: Historical Trends

-47.3 % to  -38  
-38.7 % to  -30  
-30.1 % to  -21  
-21.5 % to  -12  
-12.9 % to  -4.3 
-4.3 % to  4.3 %

Not Significant at 0.1
Significant at 0.1

Change in 
25th %ile
annual flow



ET or Precipitation?

Presenter
Presentation Notes
Temperature versus precipitation signal issues  --- as well as afforestationQuite a bit of inference riding on the distinction between causesWarmer temperatures – more transpiration demandMore trees – more transpiration demand



Precipitation!
1.Changes too big to 

be accounted for by 
increased radiant 
forcing.

Presenter
Presentation Notes
Temperature versus precipitation signal issues  --- as well as afforestationQuite a bit of inference riding on the distinction between causesWarmer temperatures – more transpiration demandMore trees – more transpiration demand



Precipitation!
1.Changes too big to 

be accounted for by 
increased radiant 
forcing.

2.Changes in wet 
years inconsistent 
with increased ET.

Fl
ow
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Presentation Notes
This is important because it helps us understand some of the following results!!



Regonda et al, 2005
see also Mote et al, 2005

April 1 SWE (cm)
(1950-1999)

- +

Historical April 1 Snowpack (SWE)



Correlation with 
Precipitation
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Snowpack Sensitivity Diagram
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Sensitivity of April 1 SWE

Mote et al., 2005

Presenter
Presentation Notes
Previous studies have considered the relative contributions of temperature and precipitation changes – e.g. this one from MoteAcknowledged that there were areas where precip dominated, but noted “generally” temperature sensitivity was as great AND that there was no real trend in precipThere are places that have substantial participation from temperature changes affecting the snowpack.  But not the high elevation places.  Misapplication of the idea that all of this is a temperature story can have dire consequences.



Stewart et al., 2005

Streamflow Timing



Seasonality Seesaw
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Seasonality Seesaw



Seasonality Seesaw

Volume same
Timing change



Seasonality Seesaw

Volume same
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Seasonality Seesaw

Volume same
Timing change



Seasonality Seesaw



Seasonality Seesaw

Volume decreased in melt season



Seasonality Seesaw

Volume decreased in melt season



Seasonality Seesaw

Volume decreased in melt season



Seasonality Seesaw

Volume decreased in melt season

Presenter
Presentation Notes
If you don’t look at the boxes – if all you look at is the triangle, you can’t tell the difference!But there is a very big difference.
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Past and ‘Future’ Hydrographs

Historical
Projected
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1972-2003 large forest fires
Westerling et al, 2006

Longer Fire Season Effect?
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Holden et al., in revision
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= 0.53

q = 0.17

q = 0.49

Holden et al., in revision
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0% to -10%

Change in 25th Percentile, 1948-2006)

Summer Flows (July 15-Sep15)



Summer Flow to Annual Flow
Correlation
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Floods



Historical 2-yr Flood Trend
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Presentation Notes
Clear connection to streamflow trends (particularly wet year trends) for significant trendsNon-significant but large trends are intriguing however



Midwinter Flood Frequency

Present 2080 A1b

Wenger et al, submitted
From UW CIG data

Presenter
Presentation Notes
When are the largest flows in a given year.Relatively more sensitive to temperature than precipitation



Aquatic Species Sensitivity

Wenger et al., submitted

Presenter
Presentation Notes
Application of VIC to aquatic sensitivitiesLots of information – what if precipitation does not change – then what are the consequences?Can get detailed maps of these kinds of impactsPrecipitation changes can exacerbate or ameliorate temperature or flood changes And change small watershed habitats dramatically



Aquatic Species Sensitivity

Wenger et al., submitted

Both metrics primarily
Temperature sensitive

Presenter
Presentation Notes
Application of VIC to aquatic sensitivitiesLots of information – what if precipitation does not change – then what are the consequences?Can get detailed maps of these kinds of impactsPrecipitation changes can exacerbate or ameliorate temperature or flood changes And change small watershed habitats dramatically
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Key Items

• Projections as temperature sensitivity
– Projections are a partial description of 

vulnerability

• Need for more explicit discussion of 
uncertain precipitation
– Big differences in adapting to drier vs. wetter 

future



VIC Streamflow Downscaling

1/16 degree

Wenger et al., 2010
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Presentation Notes
VIC produces a hydrograph at the scale of 1/16th degree by 1/16th degree.  That’s about 7 km by 5 km, depending on latitude.  For the historical run, we get a predicted hydrograph at a daily timestep for 1916 to 2006; we take a 20-year slice out of this, for the period 1978-1998.For predictions, we use the delta method to produce a similar 20-year hydrograph under the climate predicted to occur in the year 2080.In both cases, we want to take the output and produce a hydrograph for every individual stream segment– initially in the Columbia basin, but ultimately throughout the Rockies.  We do this simply by taking the weighted sum of the upstream cells.  For example, this stream segment shown in red drains at least a bit of the 7 cells outlined in red.  We take the weighted sum of each of these to produce an estimated hydrograph for this stream.  We do this for hundreds of thousands of stream segments in the 1:100K scale NHD plus dataset.



PNW VIC Validation



PNW VIC Validation



PNW VIC Validation



PNW VIC Validation

Early 
Snowmelt

Wenger et al., 2010



Snowmelt Bias Example



Available Downscaled 
Streamflow Metrics

http://www.fs.fed.us/rm/boise/AWAE/projects/
modeled_stream_flow_metrics.shtml

Historical
2040s A1b
2080s A1b   

Ensemble
Miroc 
PCM

http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml�
http://www.fs.fed.us/rm/boise/AWAE/projects/modeled_stream_flow_metrics.shtml�
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