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PNW Temperature and 
Precipitation Scenarios 

•  Relatively Small 
Changes in Annual 
Precipitation 

•  Wetter Falls, Winters, 
and Springs 

•  Drier Summers 

•  Strong Warming: All 
Seasons, Especially 
Summer 

Model Consensus: 



Climate Change will express itself 
as A Complex Combination of 

Variability Plus Trend 
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How will the Skagit basin 
respond to a changing 

climate? 



Changing Hydrology and 
Hydrologic Extremes 



Hydrologic Modeling: 
 
A “Translation” Between 
Climate Impacts and 
Water Impacts 



Snow Model 

Schematic of VIC Hydrologic Model 

General Model Schematic 



Changing HydrologY in 
the Skagit Basin 



Reductions in Snowpack 



Changes in Magnitude and 
Seasonal Timing of StreamFlow 



Reservoir Operations Models “Translate” 
Daily Natural Flow into Daily Regulated 

flow By Simulating Dam operations at Five 
Skagit Dams 



Changes in Natural Vs. 
Regulated flow 
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Source: Lee and Hamlet (in preparation) 



Changing Hydrologic 
Extremes 



Two Primary Factors Increase 
Flooding in Future Projections: 

• Warmer temperatures increase 
contributing basin area during 
storms (and can also change the 
seasonal timing of  flooding). 

•  Increasing winter precipitation 
increases both the storm intensity 
and antecedent winter soil moisture. 



Effects of Changing Snow 
Line On Effective basin Area 

Since 1959 the average winter freezing elevation is estimated 
to have risen more than 600 feet in the Skagit basin.  A higher 
freezing elevation increases the effective basin area that 
produces runoff during winter storms. 



Changes in the Regulated 
Daily average 100-year Flood 

 
 Figure 9. The magnitude of 100-year floods at the Skagit River near Mount Vernon for 
unregulated flows and for regulated flows under current flood control operations (CurFC) and 
alternative operations (AltFC). Historical run and echam5 A1B scenarios for the 2040s and the 
2080s are considered. 
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Figure 10. The magnitude of  100-year floods at the Skagit River near Mount Vernon for unregulated flows and for 
regulated flows under current flood control operations (CurFC) and alternative operations (AltFC) for the 2040s 
(left) and the 2080s (right). The open circles represent the historical values, the gray dots show the range of  values 
from five climate change scenarios for A1B emissions scenario, and the solid line represents the average of  the five 
future ensemble. 
 



Summary of Regulated 
Flood Impacts 
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By the 2040s the 
historical 100-year 
event is projected to 
become a 22-year 
event. 
   
By the 2040s the 
historical 30-year 
event is projected to 
become an 7-year 
event.  
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Increasing Reservoir Storage does 
not Substantially reduce flooding 

in the Simulations 

 
 Figure 9. The magnitude of 100-year floods at the Skagit River near Mount Vernon for 
unregulated flows and for regulated flows under current flood control operations (CurFC) and 
alternative operations (AltFC). Historical run and echam5 A1B scenarios for the 2040s and the 
2080s are considered. 
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Figure 10. The magnitude of  100-year floods at the Skagit River near Mount Vernon for unregulated flows and for 
regulated flows under current flood control operations (CurFC) and alternative operations (AltFC) for the 2040s 
(left) and the 2080s (right). The open circles represent the historical values, the gray dots show the range of  values 
from five climate change scenarios for A1B emissions scenario, and the solid line represents the average of  the five 
future ensemble. 
 



most of the runoff production during 
floods is downstream of headwater dams, 
which Limits the effectiveness of Adding 

more Headwater Storage 

Historical	   2080s	  
Ross	   12	   42	  
Baker	   9	   19	  
Other	   69	   159	  

kcfs 

2080s 

Hist. 

Flow Breakdown of  
Simulated Natural Flood 

“Jan, 2006” 

Baker Inflows 

Ross Inflows 

Other Inflows 



Key Conclusions 

•  The combination of  warmer temperatures (increasing contributing 
basin area), wetter soils, and increasing winter precipitation are 
projected to dramatically alter flood regimes in the Skagit.   

•  By the 2040s, the historical 100-year regulated flood could become 
a 22-year event. 

•  By the 2040s, the historical 30-yr regulated flood could become a 
7-year event. 

•  Skagit dam operations reduce flooding, but most of  the runoff  
production during floods is downstream of  headwater dams, 
which limits the role that reservoir operations can play in 
protecting the lower basin from projected larger floods in the 
future.  Increasing available flood storage only reduces the 
regulated 100-year event by 2-7 percent in the simulations. 



Projected Impacts to 
Sediment transport Rates 



Importance of Skagit     
Sediment Transport   

The Skagit River already 
moves a tremendous 
amount of sediment in 
comparison with other 
Puget Sound rivers. 
 
Increasing peak flows, 
retreating glaciers, 
declining snowpack and 
increased fire frequencies 
are hypothesized to 
increase sediment  
production in the future. 
 



Current Sediment Rating 
Curve at Mt. Vernon 

(Source:  
Curran, 
Grossman 
et al. 2011) 



 
changing Daily Flow Regime 

Alone Alters Sediment Transport 
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Black lines show historical suspended sediment loading 
Grey shading and lines show the range and average of  5 climate 
change scenarios 

2040s 2080s 



Changing Glaciers 

There are approximately 394 
glaciers in the Skagit 
Watershed (Post et. Al 1971) 

 

Between 1900-1998 the North 
Cascades lost  ~ 50% of its 
glacial area (Granshaw, 2002) 



1958 2006 

SILVER GLACIER 



Sediment Impacts Caused by Glacial Recession 



Observed Changes in Flooding 
in the Skagit Basin and West-

Slope Cascades  



Evidence of  Changing Flood Statistics 



Evidence of  Changing Flood Statistics 



Evidence of  Changing Flood Statistics 



Key Conclusions 
•  Since the mid-1970s, the variance of  observed annual peak flows has increased 

markedly in many west-side rivers in the PNW, and statistically significant 
changes in the mean annual flood have been widely observed in different basins 
on the west slopes of  the Cascades.  The largest 3-5 annual peak flows on record 
have typically occurred in the last 35 years or so, and these largest events have 
been strongly associated with atmospheric rivers. 

•  Although land use change has been a factor in some basins, the observational 
evidence points primarily to climate and not land use as the cause of  increasing 
flood risk.  (Disturbed and undisturbed basins show similar changes.) 

•  It is unclear how much of  the observed change in flood risk can be attributed to 
global climate change, and how much is due to natural variability.  Observed 
warming (35-60% of  which has been associated with climate change) has likely 
increased the contributing basin area in the Sauk and Skykomish, for example, 
but this effect is relatively minor in the Chehalis.  Changes in extreme 
precipitation are not clearly related to climate change per se, although observed  
changes are broadly consistent with future projections of  wetter winters. 


