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PNW climate variability

1. What does our region’s climate history tell us about 
“natural variability”?

2. How is climate variability experienced in the Pacific 
Northwest?
* are there patterns within the region? 
* are there preferred frequencies of change (year to year,  
decade to decade, etc.)

3. Why does our climate vary? 
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March 15 Snow depth anomalies at 
Paradise, Mt Rainier

Avg ~ 4 meters (170 inches)
January 5, 2005: 48 inches
January 6, 2007: 130 inches
February 10, 2008: 201 inches

Avg=4 meters



Characteristics of variability?

• Lots of year-to-year variability in both 
halves of the year; longer-term variations
– Multi-decadal “cycles” and century long trends

• temperatures and precipitation are more 
variable in cool season than in warm season



NW Climate variability
• Why the strong climate changes?

– The chaotic nature of the climate system
– big volcanic eruptions
– natural patterns (like vibrations) of climate 

variability internal to the climate system: 
• in the Pacific sector, changes in El Niño/La Niña 

(ENSO) and the Pacific Decadal Oscillation 
(PDO) are important factors





Recent ocean temperatures show 
the telltale signs of La Niña



The Pacific Decadal Oscillation

• an El Niño-like pattern of 
climate variability

• 20 to 30 year periods of 
persistence in North 
American and Pacific Basin 
climate

• warm extremes prevailed 
from 1925-46, and again 
from 1977-98; a prologed
cold era spanned 1947-76

1998?1925 1947 1977

Mantua et al. 1997, BAMS



Real time “nowcasts” of the PDO?

http://www.ncdc.noaa.gov/img/climate/research/teleconnect/pdo-f-pg.gif

Because we don’t know how 
the PDO works (key 
mechanisms for decadal 
patterns remain mysterious), 
we can’t be sure that the 
SST pattern (and PDO 
index) is a good indicator for 
where we are with this 
pattern. Recent years have 
had a variable PDO index…



3.6°F
2.7°F
1.8°F
0.9°F

cooler warmer

Temperature trends (°F per century) since 1920



Puget Sound Area Air Temperature



Sea Surface Temperature
(Race Rocks lighthouse, Victoria)



1928

2000

The South 
Cascade glacier 

retreated 
dramatically in the 

20th century

Courtesy of the 
USGS glacier 

group

Length of the Blue GlacierLength of the Blue Glacier
~ 800 meter recession ~ 800 meter recession 

since since the the early 1900s, and early 1900s, and 
~1500 meter recession ~1500 meter recession 
since since the early 1800sthe early 1800s



ON WHIDBEY 
ISLAND?





PNW sea level rise - Mote et al 2008



Temperature thresholds for 
coldwater fish in freshwater

• Warming temperatures will increasingly stress coldwater fish in the 
warmest parts of our region
A monthly average temperature of 68ºF (20ºC) has been used as an upper 
limit for resident cold water fish habitat, and is known to stress Pacific 
salmon during periods of freshwater migration, spawning, and rearing. 

+3.4 +3.4 °°FF +4.1 +4.1 °°FF
~2040 ~2060



Oct 97-Mar 98:
El Niño

Oct 98-Mar 99:
La Niña



Sept 1997 El NiSept 1997 El Niññoo Sept 1998 La NiSept 1998 La Niññaa

West-coast sub-arctic “upwelling” habitat is extremely dynamic and 
sensitive to changing wind patterns



From the Seattle Post-Intelligencer, October 20, 2005 

In the ocean, species distributions In the ocean, species distributions 
change with temperaturechange with temperature

134 lb marlin caught 40 mi. west 
of Westport, WA, Sept 2, 2005

Photo obtained from the Seattle Times 
web-archives



Cool water, weak stratification
high nutrients, a productive 
“subarcticsubarctic” food-chain with 
abundant forage fish and few 
warm water predators

Warm stratified ocean, few
nutrients, low productivity 
“subtropicalsubtropical” food web, a 

lack of forage fish and 
abundant predators

Recently, warm ocean years 
have generally been poor for 
NW chinook, coho and sockeye, 
but good for Puget Sound pink 
and chum salmon.

Upwelling food webs in our Upwelling food webs in our 
coastal oceancoastal ocean



Climate impacts on salmon must be added to Climate impacts on salmon must be added to 
existing stresses across their full lifeexisting stresses across their full life--cyclecycle

Floods

Upwelling?

Warm and
low streamflow

Early snowmelt, rising 
water temperatures, 
lower summer/fall flows



Recommended ReadingRecommended Reading

• Climate Solutions: actions to slow global 
warming

– http://climatesolutions.org
• The Intergovernmental Panel on Climate 

Change
– http://www.ipcc.ch

• The UW Climate Impacts Group
– http://cses.washington.edu/cig

• RealClimate -- a “no spin zone” on climate 
science

– http://realclimate.org



Pollen records on the Olympic Peninsula
Crocker Lake 

McLachlan, J. S. and L. B. Brubaker. 1995 Local and regional vegetation change on the 
northeastern Olympic Peninsula during the Holocene. Canadian J. of Botany.
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••Large regions of the dry subtropics become dryer, Large regions of the dry subtropics become dryer, 
while wetter high latitude regions become wetter stillwhile wetter high latitude regions become wetter still



What about the future?



Pop-culture 
perspectives

Perhaps this is a good read, but it 
is not good science

Likewise, the Day After 
Tomorrow scenario might 

make for a fun movie, but it 
presents an extremely 

unlikely impact of global 
warming at a ridiculous rate 

of change



Northwest Climate: the mean
Factors that influence local/regional climate:
1. Latitude

• day length, intensity of sunlight

2. Altitude

3. Mountain Barriers

4. Proximity to the ocean

• ocean currents

5. location relative to prevailing winds



Winter winds
and pressure over 
the North Pacific

Summer winds
and pressure over 
the North Pacific

“Aleutian Low” “Subtropical High”
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QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.



Oregon Climate Service
http://www.ocs.orst.edu



Northwest Climate Variability



Observed Observed Impacts of 20th Impacts of 20th 
Century Century CClimate limate ChangesChanges in the in the 

PNW PNW RRegionegion

Retreating glaciers
Declines in low elevation and Olympic Peninsula
snowpack
Timing shifts in snowmelt runoff
Note that all the Note that all the 20th Century warming in the 20th Century warming in the 
PNWPNW region is not necessarily a consequence of region is not necessarily a consequence of 
humanhuman--caused global warmingcaused global warming



Annual Precipitation
(Western WA, OR, BC)



El Niño year precip anomalies 
Oct 1997- Mar 1998

La Niña year precip anomalies 
Oct 1998- Mar 1999


