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Talk Overview

• Comments on Climate Change
• Potential Impacts to the Puget Sound 
• The Art of Translating GCM Outputs 

into Hydrology Models
• Anticipated Temperature Impacts
• Anticipated Precipitation Impacts
• Typical Impacts on Hydrology
• Will Climate Impact Demands?
• Conclusion- Is the Sky Falling?
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Alaska Thaws, Complicating the Hunt for Oil



Science of climate change

• Thousands of scientific papers
• Intergovernmental Panel on Climate Change 

(IPCC)
• Major reports in 1990, 1996, 2001
• Conclusions:

– “An increasing body of observations gives a collective 
picture of a warming world and other changes in the 
climate system.”

– “There is new and stronger evidence that most of the 
warming observed over the last 50 years is attributable to 
human activities.”



Some evidence that 
the Earth is warming

• Global average surface temperature 
computed using thermometers includes 
correction for small urban heat island effect

• Permafrost, glaciers melting

• Arctic ice thinning

• Frost-free season longer in many places



The earth is warming -- abruptly 

source: Mann et al., EOS





Potential Puget Sound Impacts 
of Climate Change

• Temperature
• Precipitation
• Water Demands 
• Streamflows

Potential Changes

•Water temperature
•Floods
•Sediment Loads
•Vegetation



Water Supply Sources

• Seattle 
• Tacoma
• Everett
• Westside - East Side

All supplied by forested watersheds with 
transitional snowpack hydrology that are 
susceptible to warm winters and/or dry 
springs and summers











The Art of Translating GCM Outputs 
into Water Resources Impacts

Frederick and Gleick’s 1999 report on 
Global Climate Change proposed using a 
3 step modeling process

• General Circulation Models (GCMs)
• Hydrologic Model
• Systems Operations Model



•Global climate 
models operate 
at a scale of 2°
to 5° latitude

•Global data 
must be 
downscaled to 
the local station 
scale in order to 
assess the 
impacts of 
climate change 
on water 
resources.



GCM simulated PNW region July temperatures
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Climate Change Impacts on Water 
Resources

• We are currently 
examining seven 
GCMs for uses in 
local impacts 
assessments

• Results for the 
PNW vary widely 
among models

• Downscaling 
process is 
needed to 
correct for 
various model 
biases.



Quantile Mapping

• Climate change can be measured by shifts in 
GCM simulations of historic and future climate 
(deltas)

• The quantile mapping process is a method for 
determining a set of delta values that vary in 
magnitude across the cumulative distribution 
function of the climate variables.



GCM simulated PNW region July temperatures
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Quantile Mapping
•Select a GCM

•Extract selected 
decades

•Calculate cdf for 
overlapping 
“historic” period

•Use cdf based 
quantile maps as a 
transfer function to 
bias correct “future” 
climate period.
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Quantile Mapping

HadCM3 simulated July Temperatures
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Quantile Mapping
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•Use cdf based 
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bias correct “future”
climate period.
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Quantile Mapping

•Select a GCM

•Extract selected decades

•Calculate cumulative 
distribution functions for 
overlapping “historic” 
period

•Use cdf based quantile 
maps as a transfer function 
to bias correct “future” 
climate period.



GCM simulated PNW region July temperatures
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Quantile Mapping

•Select a GCM

•Extract selected decades

•Calculate cumulative 
distribution functions for 
overlapping “historic” 
period

•Use cdf based quantile 
maps as a transfer function 
to bias correct “future” 
climate period.



Quantile Mapping
• GCMs are now 

scaled to the 
station location.

• Repeat process 
for multiple 
stations.

• Scale from 
monthly to daily 
values by 
applying monthly 
differences to 
observed 
records

Downscaled Snoqualmie Falls July temperatures
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HadCM3 simulated July Temperatures
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Impacts on Temperature



Monthly Average Precipitation at Snoqualmie Falls: 
Downscaled from HadCM3
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Impacts on Temperature



Monthly Average Temperature at Snoqualmie Falls: 
Downscaled from HadCM3
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Impacts on Hydrology



Average Annual Inflow s to the South Fork Tolt Reservoir 
Simulated from Dow nscaled HadCM3 
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General Impacts on Water Supply



Combined Cedar-Tolt Total April Snowpack Storage (swe)
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April 1st snow pack extent and depth 
(as snow water equivalent)



Cumulative Probability Function of June-Sept 
Reservoir Inflows: 4 GCM Ensemble Average
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* 4GCMs: HadCM3, ECHAM4, GFDL_R30, PCM1.1,  SRES A2 forcing scenario



What Will Climate Change Due to 
Water Demands?

Demand forecasts:  1968 & 1980 Seattle Water Plans; 2001 Outlook
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A very reasonable case can be made 
for the answer, we do not know enough 
now to say



SPU Winter  w ater  use (1983-2003)
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Short-term Model Validation
Seattle Region:  Summer

Summer validation:  1999-2003 (R2 81.6%)
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We can accurately forecast recent 
water demands as a function of 
population, temperature and 
precipitation and dry and hot summers 
produce larger demands

But technological changes, pricing, and 
social goals may play an important role 



Potential Impacts on Fish

• Shift in annual runoff
• Warmer streams
• Stranded fry

• We will see more summers with lower 
flows



Conclusion- Is the Sky Falling?

• Climate change will increase winter and 
decrease spring and summer flows

• Loss of spring/summer flows could be off-
set by increased efficiency (15 gpcd)

• Current system is capable of meeting 
demand for numerous decades

• Larger concern may be in unmanaged 
streams




