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Some facts

Earth’s natural greenhouse effect warms surface
temperatures by ~33°C (60 2 F)

H,O vapor the most powerful greenhouse gas (GG)

other important GG’s are CO,, CH,, N,O, HFCs,
PFCs, and SF;

o Human caused emissions of these GG’s are increasing
the natural greenhouse effect; since 1700’s CO,
concentrations have increased ~33%, and CH,
concentrations have increased ~150% :

o Without drastic changes in current emissions trends,
GG concentrations will increase dramatically in the
next few centuries




Science of climate change

Thousands of peer-reviewed scientific papers
» Intergovernmental Panel on Climate Change (IPCC)
o Major reports in 1990, 1996, 2001, 2007

o 2001 report involved 637 contributing authors, 420 peer-reviews,
then another review by government experts and policy-makers

Conclusions from the IPCC’s 2001 assessment:

o “Anincreasing body of observations gives a collective picture of a
warming world and other changes in the climate system.”

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

At the request of President Bush, the IPCC’s conclusions were reviewed
and confirmed by the US National Academy of Sciences in 2001



There was global warming in the 20th Century
Annual Temperature Trends, (°C /century) 1901-1999

" PNW average
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Source: P. Jones, et. al. 2000.



In the Pacific
Northwest, most
stations show 20th
century temperatures
warmed at a rate of
~0.5to 2 °C per
century (a bit faster
than the global
average rate of
warming)

It Is not clear how
much of the regional
warming is due to
human-caused global
warming

Temperature trends ("C per century), since 1920
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Courtesy of the USGS
glacier group

' '-; The South Cascade
> glacier retreated
dramatically in the

®  20th century
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Historical terminus retreat in the British
Columbia Coast Mountains
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Decrease increase Trends |n Aprll 1

OO
Snowpack

(“snow-water-equivalent)
1950-2000
Relative to 1950 value
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Mote et al. 2005: BAMS H.EQWJ@SHMEH




Trends in March Fra
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As the West warmes,
ity | winter flows rise
fi:l“m“’;é; R and summer flows
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Stewart, LT., DLR Cayan, and M.D. Dettinger (2004)
Changes toward earlier streamflow timing across western North America
J. Climate, in review
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Pacific salmon habitat: productive sub-arctic (cool-
fresh-nutrient rich) waters from Japan to California --
coastal upwelling extends this habitat south to S. Cal.
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SeaWiFS images from NASA’s Goddard Space Flight Center
http://seawifs.gsfc.nasa.gov/SEAWIFS.html



Ocean habitat
domains are
closely linked to
wind and current
patterns

(from Ware and
McFarlane, 1989)
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West-coast sub-arctic habitat is dynamic and sensitive to changing wind
patterns (El Nifo, La Nifa, the Pacific Decadal Oscillation (PDO), and other)
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Exotic Species Sightings off the BC Coast
During 1983, an extreme EI Nifio year (J. Fulton, P.B.S.)

| @ Pacific Pomfret
(Brama japonica)

@ (Qcean Sunfish
(Mola mola)

P, S Chub mackerel
(Scomber japonicus)

© Pacific Bonito
(Sarda chiliensis)

e (Pelicanus W&
occidentalis)

Slide provided by Kim Hyatt, DFO



upwelling food webs in our coastal ocean

Cool water, weak stratification
high nutrients, a productive By
“subarctic” food-chain with Warm stratified ocean, few

abundant forage fish and few nutrients, low productivity
warm water predators “subtropical” food web, a
lack of forage fish and




Peering into the future

What are the consequences of
iIncreasing nature’s greenhouse effect?

To answer this question, scientists are
using climate system simulation
models and future greenhouse gas
emission scenarios



Modeling the Climate System

Includes the Atmoesphere,
Incorming Solar Land, Oceans, Ice, and Biosphere
Energy Outgoing Heat
Energy
Transition from
Solid to Vapor
Evaporative
and Heal Ene .
Siratus Clouds Anioeoki Ew“mmm Cé:rm.ﬂu: Cirrus Clouds. l.tm:pl::;

Precipitation Enow Cover




future climate scenarios: different model -
emissions combinations give different answers
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Adult migrations and water temperature in the Lower
Columbia River

2003 John Day Temperature
Adult Steelhead
61.1% Fish exposed to Temperature above 21 C
71.5% Fish exposed during Middle 80% of Run period
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A Plausible Warming and the 21°C threshold

August mean (1980-97) August mean +2.3°C
VIC Driving Data I 2 L\ i NCAR PCM A2 e 2 (e ))
August Mean y August Mean v

~ Temperature ~ Temperature '

Kilometers

= With a 2.3 °C warming, =~ 20% of the region has August average
temperatures > 21 °C (compared with an average of < 2% for
1980-97)

VIC driving data are described by Hamlet et al., J. Hydrometeor. (in press)



The main impact: less snow

— 4100 ft (Future)
-_ } for a

i ' i ; 3000 ft (Present) - 9 o
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April 1st Snowpack simulations based on “plausible” warming scenarios

1950-99 +2°C (2050s)  +3 °C (2090s)

Western WA/OR

10 40 &0 &0 100 120 14D 180
Snow Water Equivalent {em)

Provided by Dennis Lettenmaier and Andy Wood, UW Civil Engineering
Accelerated Climate Prediction Initiative, a UW-SIO-PNNL collaboration



Runoff patterns are temperature and elevation
dependent

Skagit River near Concrete

a warmer climate_Skagit
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Global warming streamflow scenarios

Combining a mid-range
global warming scenario
(+2.3 C by 2040s, + “10%
annual precip.) with
observed weather for
1950-89, 40-yr records for
global warming streamflow
are simulated using an 1/8
degree hydrology model
for the Columbia River
Basin

Data are freely available
off our web-site

cses.washington.edu/cig
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Mica
Revelstoke
Duncan
Corra Linn
FKeenleyside
Waneta
Liblry
Hungry Horse
Kerr

10 Chief Joseph

11 Priest Rapids
s~ 12 Dworshak

13 Ice Harbor

14 The Dalles

15 Hells Canyon
16 Milne=x

E2'N

Also see Snover et al. 2003, BAMS, vol. 84




global warming

natural runoff
scenarios

show major

timing shifts in
response to

rising

temperatures

cses.washington.edu/cig
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Snover et al. 2003, BAMS, vol. 84
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High Seas Habitat?

Sea surface temperatures and
catch-per-unit-effort (cpue) for
steelhead (O. mykiss) on the high
seas:
cpue peaks between 6 and 112C

(Burgner et al. 1992, INPFC)
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Welch et al’'s (1998) 7hermal Limits

1. Salmon and steelhead are surface
oriented at sea

2. They are metabolically constrained by
surface ocean temperatures

3. Surface ocean warming will force salmon
(sockeye and steelhead) out of the Pacific
and into cooler northern oceans as
metabolic rates accelerate with warming
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Salmon Life Cycle

Eggs in stream gravel
hatch in 1-3 months

Fish spawning
in freshwater
stream

Fry emerge in spring
or summer

Timing of

migration to

spawning

grounds Juvenile fish in fresh
depends water a few days to
on species 4 years, depending on

and race species and locality
Smolt migration
Fish spend 1-4 to ocean usually in spring

years in ocean or early summer

I Saltwater
e Fresh water



The salmon life cycle and climate warming

Increased fall/wmt%r floo r%g%ngtrsam snow melt basins

hatch in 1-3 months

Fish spawning
in freshwater
stream

Alevins in stream
gravel 1-5 months

Fry emerge in spring
or summer

higher summer
stream temps
Juvenile fish in fresh
water a few days to
4 years, depending on
species and locality

Thermal

barriers to  Timing of
migration to

spawnlng spawning
mlg rations grounds
depends
on species
_and race
Thermal limits?

» will intensified Smolt migration

] ] Fish spend 1-4 to ocean usually in spring
UPwe_“mg Wmd_s years in ocean or early summer
sustain subarctic earlier spring snowmelt
habitat? ™= Saltwater
" s Fresh water * will smolt migration timing shifts

match timing shifts in the spring
transition in coastal upwelling?



Concluding thoughts

» Higher temperatures and changes in stream flow
timing will exacerbate existing stresses on salmonids
in freshwater and estuaries

o Without significant efforts to restore and protect instream
flows, migration corridors, and thermal refugia, climate
warming may be the straw that breaks the salmon's back in
some (many?) basins

» Global warming impacts on ocean conditions are now
highly uncertain, yet 20th Century observations
suggest that many PNW stocks suffer low ocean
productivity during periods of warmer than average
ocean temperatures



For more information

= The Intergovernmental Panel on Climate Change
http.//7www.Ipcc.ch

» The UW Climate Impacts Group
http.//cses.washington.edu/cig

= RealClimate -- a “no spin zone” on climate science
http.//realclimate.org



GREENHOUSE GAS EMISSIONS MILLIONSOF TONS OF CARBON EQUINVALENT, COINTRIESBOUNDTPER ICAPITA
BY K ORE EMISSIONS

W 2002 W 2000 Lates! data available TARGETS. TONS GF E ARGt
1 600 1,600 1.400 11200 1000 400 H00 400 200 INBOLD EQUIVALENT
- —— e R 6.5
" LEVEL : : P Russia 36
, | : N S ——— 0.5
Japan 29
Time to Check Emissions Germany 3.4

—— &razi 1.4

Many countries have approved the Kyoto Protocol, which is

intended to reduce global emissions of heat-trapping gases. JlE=== canada 6.4
Only industrial nations that have signed the agreement must j === gritain 29
reduce their emissions. The United States and Australia are : == jtaly 286
among those that have not approved the accord. : . EEEEER France 25
RATIFIED KYOTO ACCORD ' : . = South Korea BH
B INDUSTRIALIZED (Emissions must be reduced Io | - ISR Ausvala 73
below 1990 levels during the 2008-12 period) : : f———— Ukraine 29
) DEVELOPING (Voluntary commitment 10 develop f ~ I— Mexico 1.4
ways to limit growth of emissions) * PP indonesia 0.7
- = Iran 19

— South Africa 286

= spain 27

—=== Poland 26

P Saudi Arabia 43

= Argentina 22

= Pakistan 0.6

= Thailand 1.2

= venezuela Prif

= Netherlands 36

= nNorth Korea 26

= Uzbekistan 20

F Egypt 0.8

IF Malaysia 20

smissions figures include carbon dioxide, methane, nitrous oxide and three fluorinated greenhouse gases. Figures exclude carbon dioxide emissions
‘esulling from kand use change and dalorestation. Il included. Ihe amounis would probably rise signilicantly for Brazil. Indonesia and Malaysia,

Souwrce: Cimale Analysis indicators Tool from the Werld Resources Inshivie The MNew York Times



Yakima River Flow Range at Prosser During
Fall Chinook Smolt Migration
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Fall Chinook Smolt Migration Past
Prosser & West Richland

and Stream Temperature, Yakima River 1992
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Projected PNW Climate Change

Projected changes
In average annual
PNW temperature
and precipitation
for the decades of
the 2020s and
2040s

high confidence

lower confidence

| !
Temperature | Precipitation
Low + 0.8°F +2 %
Mean +2.5F + 7%
High + 3.4°F +14 %
Temperature | Precipitation
Low +2.7°F -3 %
Mean +4.0°F + 7%
High +4.9°F +14 %

Based on an increase in equivalent CO, of 1% per
year. Benchmarked to the decade of the 1990s.



Oct 1 to Feb 1 Precipitation and
SNOwpa ck (from SNOTEL sites)

Basin average precip (% avg)

Basin Average Precipitation. { ¥ of Average.} S t 0/
OCTOBER 1 . 2004 thru FEBRUARY 1 . 2005 nOW Wa er e u IV' O aV
Fercent
of
Average
[ | > 208
M 175 to 200
158 to 175
1 125 to 158
u 118 to 125
| | 98 to 110
— o
Report Date: 73 to 98
FEBRUARY 1 , 2885 8 to 79
[ ] B 25 to 58
Provizional Data u < 25
Bazed on Mountain Data from NRCS SMWOTEL Sites
Data provided by Hezt Reqi 1 Climate Cent
Hater and Climate Cent Dezert R h Inshitut
Mat 1 Rezoupce t Car R N k!
Portland r Oregon




Temperature anomalies (°C)
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Puget Sound streamflow data: 1935-2003

Center Timing Summer fraction
un g4l
My 0.35
Apr {1.30
Mar 2
Feh .20
Ian 015
Dec -2.2 days per decade 10
1505 1925 1945 1965 1985 5 1505 1925 1945 1965 1985 5
Extreme high flow days Extreme summer low flow days
4} I 4l
Al
20
: 10
1] Head B Gl £ LEH EL Bl 1 2 42 151 Il ¥ R
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From combined gage flows from major unregulated Puget Sound rivers: the Skykomish,
Snoqualmie, Puyallup, Nooksack, and Stillaguamish
(unpublished data, Mote and Mantua, UW Climate Impacts Group)



Science of climate change

2001 White House request for advice from the US National
Academy of Sciences

o “... are there any substantive differences between the IPCC Reports
and IPCC Summaries?”

National Research Council convened a panel of 11 leading US
climate scientists to write the report

Conclusions:

o “Greenhouse gases are accumulating in Earth’s atmosphere as a result
of human activities, causing surface air temperatures to rise and
subsurface ocean temperatures to rise. Temperatures are, in fact,
rising. The changes observed over the last several decades are likely
mostly due to human activities, but we cannot rule out that some
significant part of these changes is also a reflection of natural
variability ... The committee generally agrees with the assessment of
human-caused climate change presented in the IPCC scientific report



