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Talk Overview

Comments on Climate Change
Potential Impacts to the Puget Sound

The Art of Translating GCM Outputs
iInto 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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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 1s warming -- abruptly
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Potential Puget Sound Impacts
of Climate Change

Potential Changes

* Temperature
* Precipitation
» Water Demands
» Streamflows

\Water temperature
*Floods

*Sediment Loads
*Vegetation




Water Supply Sources

o Seattle
e Tacoma

e 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



Seattle's regional water supply system




Green River

White River
= ENUMCLAW

Diversion
am
s BUCKLEY
Hydroelectric -
Plant  BONNEY LAKE Mud %{aul:llﬂtain

SUMNER

Puyallup ‘

River Map of Lake Tapps Area
Courtesy ofthe Save Lake Tapps Coalition



2 Washington Department of, Ecology - Lake Tapps - Microsoft Internet Explorer

File  Edit Favorites  Tools

O-©-H @G AP

Wiew

Help

il
¥ @

Google -

=

[z_"?l - &

e

v| %Saarch Web - ﬂ - EIBS blocked

EOptinns & ,

e

Ecology Home
Water Fesources Home

General Info
New Activities

ASR

Conservancy Boards
Dam Safety Office
Instream Flows
Measuring Water llse

Rules & Laws
Water Right Info
Wells

Links
Publications
WRIAs

2053,

Address @ hkkp: f sy 2oy wa, govefprograms e fsweoglkkappshome ., bkml
— i

@t "X washington Department of Ecology e
Water Re

[ Search [l Feedback |

Lake Tapps
Public Water Supply Project

sources

Ecology Approves Lake Tapps Water Rights | Related Documents
| Related Links | Contacts

Ecology Approves Lake Tapps Water Rights a

On June 30, 2003 the Departrnent of Ecology (Ecology) approved a proposal to help supply the long-range
municipal water needs of the Central Puget Sound region, protect salmon and assist ongoing efforts to presere |

Lake Tapps.

Ecology has granted three new interrelated water rights (z.ome panto Puget Sound Energy (PSE) that allows the
utility to continue diverting water from the White River and store it in the Lake Tapps reservoir. The S0-year
project gives PSE new autharity to take an average of B4.6 million gallons of lake water a day for public use by

The Cascade WWater Alliance, a coalition comprising the cities of Bellevue, lssaguah, Kirkland, Redmaond and
Tukwila and the Covington, Sammamish Plateau and Skyway water districts, is negotiating an agreement to
purchase the water right from PSE. The alliance will construct the necessary water treatment and delivery systems to get water from the lake to its

members.

Lake Tapps Heports of Examination ¢2.0Me pdi
Freguently Asked Questions

The arrangement will help PSE offset the cost of aperating its 1912 White River hydroelectric project, which created Lake Tapps.

In 1930, Ecology adopted a rule that closed the WWhite River to new water-right allocations. Therefore, PSE had to demonstrate that the Lake Tapps water-
supply proposal would significantly benefit the enviranment and the public. To satisfy this requirement, the water-rights package Ecology approved stipulates
that PSE must:
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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
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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 7
PNW vary widely

GCM simulated PNW region July temperatures
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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.



*Select a GCM

Quantile Mapping

degrees C

GCM simulated PNW region July temperatures
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Quantile Mapping

«Extract selected GCM simulated PNW region July temperatures

decades ®1
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Quantile Mapping

Calculate cdf for
overlapping
“historic” period

Degrees C
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Quantile Mapping

*Use cdf based
guantile maps as a
transfer function to
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.
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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.
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Quantile Mapping

e GCMs are now
scaled to the
station location.

* Repeat process i
for multiple 2 |

stations. :
- Scale from ézoA ‘wv A4 M\ 'W YNy
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Impacts on Temperature
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Impacts on Temperature
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Impacts on Hydrology



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



KAF

Combined Cedar-Tolt Total April Snowpack Storage (swe)
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— HadCM3 decadal average April 1 snow storage

— Simulated from observed climate (1928-1998)
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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?

mgd or per cap gd
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Demand forecasts: 1968 & 1980 Seattle Water Plans; 2001 Outlook

A very reasonable case can be made

~for the answer, we do not know enough
- now to say

1966-67 1980 1990 2000 2010 2020
—— 1968 Plan, gpd per capita 1968 Plan, mgd ave.
1980 Plan, mgd ave. 2001 Central Puget Sound Outlook, mgd ave.

Actual gpd per cap Actual mgd ann ave
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Short-term Model Validation

Seattle Region: Summer

Summer validation: 1999-2003 (R2 81.6%)
e can accurately forecast recent
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Potential Impacts on Fish

Shift in annual runoff
Warmer streams
Stranded fry

We will see more summers with lower
flows
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