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Recession of the Muir Glacier
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Mote P.W.,Hamlet A.F., Clark M.P., Lettenmaier D.P., 2005, Declining 
mountain snowpack in western North America, BAMS, 86 (1): 39-49 

Trends in April 1 SWE 1950-1997



As the West warms,
spring flows rise 
and summer flows 
drop

Stewart IT, Cayan DR, 
Dettinger MD, 2005: 
Changes toward earlier 
streamflow timing across 
western North America, J. 
Climate, 18 (8): 1136-1155



Projections for the Future Using 
Global Climate Models 



Natural Climate Influence Human Climate Influence

All Climate Influences

Natural AND human influences explain the observations of 
global warming best.
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Hydroclimatology of the Pacific Northwest



Annual PNW Precipitation (mm)

Elevation (m)

Winter climate in the mountains 
is the key driver of streamflow.

Snowpack functions as a 
natural reservoir.
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Hydrologic Impacts for the PNW



Snow Model

Schematic of VIC Hydrologic Model and 
Energy Balance Snow Model
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The warmest locations that accumulate 
snowpack are most sensitive to warming

+2.3C,
+6.8% 
winter 
precip
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•Increased winter flow
•Earlier and reduced peak flows
•Reduced summer flow volume
•Reduced late summer low flow
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Decadal Climate Variability and Climate 
Change



Will Global Warming be “Warm and 
Wet” or “Warm and Dry”?

Answer:    Probably BOTH!
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Overview of Some Water Resources 
Impact Pathways



Water Supply and Demand

•Changes in the seasonality water supply (e.g. reductions in summer) 

•Changes in water demand (e.g. increasing evaporation)

•Changes in drought stress  

•Increasing conflicts between water supply and other uses and users of water

Energy Supply and Demand

•Changes in the seasonality and quantity of hydropower resources

•Changes in energy demand

•Increasing conflicts between hydro and other uses and users of water

Instream Flow Augmentation

•Changes in low flow risks

•Changes in the need for releases from storage to reproduce existing streamflow
regime.

•Changes in water resources management related to water quality (e.g. to provide 
dilution flow or to control temperature)



Flood Control and Land Use Planning

•Changes in flood risks

•Changes in flood control evacuation and timing to maintain refill reliability

•Dam safety

•Changes in land use policy

Transboundary Relationships and Agreements

•Differential impacts in different regions (e.g. in Canada and the U.S.)

•Increased conflict over water resources

•Unbalancing of existing agreements

Long-Term Planning, Water Law and Policy

•Water allocation agreements in a non-stationary climate (e.g. water permitting)

•Appropriateness of the historic streamflow record as a legal definition of climate 
variability

•Need for new planning frameworks in a non-stationary climate



Overview of Some Existing Climate Change 
Water Planning Studies

•Seattle Water Supply (Wiley 2004)

•White River Basin (Ball 2004)

•Snohomish Basin (Battin et al. 2007)

•Columbia Hydro System (Hamlet et al. 1999; Payne et al. 2004, NWPCC 
2005)
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	The warmest locations that accumulate snowpack are most sensitive to warming

