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          Global tempera ture: 1000 y ears bac k, 100 forwardGlobal tempera ture: 1000 y ears bac k, 100 forward
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From 1900 toFrom 1900 to
2000 the planet2000 the planet
warmed ~1°F.warmed ~1°F.
Global aver ageGlobal aver age
tempera turetempera ture
projected toprojected to
increase 2 .5-increase 2 .5-
10.4°F by 2100.10.4°F by 2100.
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If nothing is done to slowIf nothing is done to slow
greenhouse gasgreenhouse gas
emissi ons (“business-as-emissi ons (“business-as-
usual”).  .  .usual”).  .  .

ÿÿ  CO CO22 concentrations w ill concentrations w ill
likely be more than 700likely be more than 700
ppm by 2100ppm by 2100

ÿÿ  Global avera ge Global avera ge
tempera tures projected totempera tures projected to
increase betwee n 2.5 -increase betwee n 2.5 -
10.4°F10.4°F

2100

Source: OSTP



Projected Changes in Annu al Temperatures for the 205 0sProjected Changes in Annu al Temperatures for the 205 0s

The projected change is compared to the present day with a ~1% increase per year in equivalent COThe projected change is compared to the present day with a ~1% increase per year in equivalent CO22

Source: The Met Office. Hadley Center for Climate Prediction and Research



Reaching the Danger Point?Reaching the Danger Point?

ll International Cl imate Change TaskInternational Cl imate Change Task
Force new “bri ght li ne” – 400 Force new “bri ght li ne” – 400 ppmppm  CO2 CO2

ll Point wi th 80% p robabil ity of avoidingPoint wi th 80% p robabil ity of avoiding
cumulati ve 2oC increase – agreedcumulati ve 2oC increase – agreed
danger point – Loss of Gre enland, WAIS,danger point – Loss of Gre enland, WAIS,
AmazoniaAmazonia

ll 2004 – reached 378 2004 – reached 378 ppmppm
ll 2002-2003 spik e – +4.73 2002-2003 spik e – +4.73 ppmppm  in 2 year s in 2 year s
ll 2004 – Return to average +1. 5 2004 – Return to average +1. 5 ppmppm
ll @+1.5ppm – 400 @+1.5ppm – 400 ppmppm  by 2019 by 2019
ll @+2 @+2 ppmppm  – 400  – 400 ppmppm  by 2015 by 2015



COCO22 Emissi ons and Co ncentrati ons: Emissi ons and Co ncentrati ons:
The environment responds to The environment responds to concentra tions; concentra tions; aggress iveaggress ive
emission reduction n eeds to begin quicklyemission reduction n eeds to begin quickly

IPCC



Physical signal:  observed changesPhysical signal:  observed changes
in ice and snow coverin ice and snow cover

ÿÿ Duration ofDuration of  ice cover on rivers andice cover on rivers and
lakes has decreasedlakes has decreased by 2.5 weeks by 2.5 weeks
over the last century in mid- &over the last century in mid- &
high latitude areashigh latitude areas

ÿÿ Arctic sea ice lossArctic sea ice loss in area (10 - 15% ) in area (10 - 15% )
and thickness (40% ) over the lastand thickness (40% ) over the last
half century.half century.

ÿÿ Decline in snow coverDecline in snow cover (10% ) for N (10% ) for N
hemisphere since 196 0hemisphere since 196 0

ÿÿ World-wide retreat in alpine glaciersWorld-wide retreat in alpine glaciers
over last centuryover last century

ÿÿ Widespread changes in permafrostWidespread changes in permafrost
IPCC

South Cascade Glacier,
1928 and 2000
South Cascade Glacier,South Cascade Glacier,
1928 and 20001928 and 2000



Sea-Level RiseSea-Level Rise Ocean Shores, WA

ÿ Thermal e xpansion and gla cier/ic ecap mel ting

ÿ   4 to 8 inches over the last ce ntury

ÿ   IPCC projec ts 4 to 35 i nches this ce ntury

ÿ   Erodes beaches and wetlands, i nundates low-
lying are as
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Costs of extr eme weather eventsCosts of extr eme weather events

IPCC



Temperature trend s in the PNWTemperature trend s in the PNW

ll 113 stations113 stations
with longwith long
recordsrecords

ll Almost everyAlmost every
station showsstation shows
warmingwarming

ll UrbanizationUrbanization
not a majornot a major
source ofsource of
warmingwarming



Trends in timing of spri ng snowmelt (1948 -2000)

Courtesy of Mike Dettinger, Iris Stewart, Dan Cayan

+20d later
–20d earlier



 Temperature Precipitation 
 summer winter summer winter 
low +3.1°F +3.2°F -7% -2% 

mean +4.7°F +5.2°F +2% +9% 
high  +6.7°F +6.7°F +9% +22% 

 
  Warmer , wetter winters.

Warmer  summers.

Estimated climate change from 20th century to the 2040s using 8 cl imate model
scenarios (“summer”=Apri l-September, “ winter” = October-March).

    Climate chan ge in the PNW    Climate chan ge in the PNW



The MainThe Main
Impact:Impact:
Less SnowLess Snow

April 1 Columbia Basin Snow Extent

~ 2045    Historical Average ~ 2025



Snowpack loss

Western
Washingon
and Oregon
are especially
sensitive

Snowpack lossSnowpack loss

WesternWestern
WashingonWashingon
and Oregonand Oregon
are especiallyare especially
sensitivesensitive



Skiing
⁄ Later sea son

opening
⁄ Shorter seas on
⁄ More rainy days
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Changes in the Water CycleChanges in the Water Cycle

Landslides

⁄ Increase d frequency
/ magnitud e

⁄ Exace rbated by sea
level rise around
Puget Soun d



    Municipal water supplyMunicipal water supply
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Cedar Current Climate
Cedar pcm3dec4
Cedar echam4dec4
Cedar had2dec4
Cedar had3dec4

• More winter streamflow
• Less spring/summer streamflow

For western
Washington rivers
(Sultan, Tolt, Cedar,
Green) in the 2040s:

Winter: +30 to 40%

Summer: -20 to –30%



The pine beetle has destroyed anThe pine beetle has destroyed an
area over twice as big asarea over twice as big as
Vancouver Island; $4.2 billion inVancouver Island; $4.2 billion in
timber losses -timber losses -  BC Ministry of ForestsBC Ministry of Forests

Climate disruptio n and forest healthClimate disruptio n and forest health

Rise in
disturbances due
to warm winters,
hot summers:  pest,
diseases, fires

Rise in
disturbances due
to warm winters,
hot summers:  pest,
diseases, fires

Loss of forests
after
disturbances –
difficulty
regenerating in
dry, hot summer
conditions

Loss of forests
after
disturbances –
difficulty
regenerating in
dry, hot summer
conditions



Climate disruption and NW SalmonClimate disruption and NW Salmon

ÿÿ Increase d winterIncrease d winter
floodi ng – habi tatfloodi ng – habi tat
destructiondestruction

ÿÿ Decr eased summer a ndDecr eased summer a nd
fall fall strea mflowstrea mflow

ÿÿ Higher stream a ndHigher stream a nd
ocean tempera turesocean tempera tures

ÿÿ Salmon impactsSalmon impacts
symptomatic of largersymptomatic of larger
water res ource impactswater res ource impacts

“For the factors we can
simulate with some
confidence, the prospects
for many PNW salmon
stocks look bleak” 
      - UW Climate Impacts Group

“For the factors we can“For the factors we can
simulate with somesimulate with some
confidence, the prospectsconfidence, the prospects
for many PNW salmonfor many PNW salmon
stocks look bleak” stocks look bleak” 
            - UW Climate Impacts Group- UW Climate Impacts Group



Washington CO2 emissions
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Transport
27%

Buildings
9%

Industry
18%

Electricity
35%

Ag & 
Waste

8%

Transport
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Buildings
11%

Industry
10%

Electricity
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Transportation accounts for a disproportionate
share of Washi ngton’s CO 2 emiss ions
(but electricity may grow rapidly w ith new fossil fueled
resource s)
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CO2 emissions by sectorCOCO22 emissions by sector emissions by sector

U.S.U.S.U.S. Puget Sound
  (WA is similar)
Puget SoundPuget Sound
  (WA is similar)  (WA is similar)
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Puget Sound CO 2 emissions from transportation:
Projected impact of VM T growth compared to impact of
applying California CO 2 standard for new vehicles

Puget Sound COPuget Sound CO 2 2 emissions from transportation:emissions from transportation:
Projected impact of VM T growth compared to impact ofProjected impact of VM T growth compared to impact of
applying California COapplying California CO 2 2 standard for new vehiclesstandard for new vehicles

Source:  Puget Sound Clean Air Agency Climate Protection Advisory CommitteeSource:  Puget Sound Clean Air Agency Climate Protection Advisory CommitteeSource:  Puget Sound Clean Air Agency Climate Protection Advisory Committee


