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IntroductionIntroduction……MethodsMethods
Native Peoples Climate Change Workshop – 1999 
(www.usgcrp.gov/usgcrp/Library/nationalassessment/native.pdf)

NCAI Resolution (EWS-06-004): Reduce Climate Change Pollution 
(http://www.ncai.org/ncai/resolutions/doc/EWS-06-004.pdf)

U-Colorado Law School: 2007 Native Communities & Climate Change
(www.colorado.edu /law/ centers/nrlc/publications/ Climate_Report_Exec_Summary.pdf)

Basics of climate change science: (www.aip.org/history/climate)
Intergovernmental Panel on Climate Change (2007 Assessment): www.ipcc.ch

PRISM Climate data…GIS based data (Oregon State University). 
(http://gis.esri.com/library/userconf/proc98/PROCEED/TO600/PAP577/P577.HTM)

Tributary Flow: US Geological Survey historical daily stream flow 
data (80-100 years).  Assess (1) Shift in median (50th percentile) 
flow timing, (2) Shift in seasonal flow volumes of 24 watersheds.  
Flow datasets are “naturalized” (i.e., irrigation effects removed).

Columbia R. Flow: BPA modified-adjusted monthly stream flow data 
(compensates for evaporation effects and reservoir operations).

GIS study: climate change risk—land below elevation 4000 feet?

THE CLIMATE THAT WAS…



Location MapLocation Map



Climate Change: Climate Change: 
Metolius Basin Metolius Basin (Deschutes)(Deschutes)

Source: David Graves, CRITFC (PRISM data)

CLIMATE CHANGE: METOLIUS BASIN, OREGON (PRISM data)

y = 0.0147x + 52.9
R2 = 0.2256 (or +1.5 degF per century)

y = 0.0267x + 29.227
R2 = 0.6623 (or +2.7 degF per century)
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Climate Change: Climate Change: 
Metolius Basin Metolius Basin (Deschutes)(Deschutes)

Source: David Graves, CRITFC (PRISM data)

CLIMATE CHANGE: METOLIUS BASIN, OREGON (PRISM data)

y = 0.0603x + 44.469
R2 = 0.106 (or +6 inch per century)
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Freshet timing:Freshet timing:
Metolius Basin Metolius Basin (Deschutes)(Deschutes)

METOLIUS R. at GRANDVIEW, OR (elev. 1974 ft./602 m)

y = -0.0456x + 187.2
R2 = 0.0336 (or -5 days per century)
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Source: Dittmer (2008) Source: Dittmer (2008) in preparationin preparation



Freshet timing:Freshet timing: All All 
Treaty Tribal WatershedsTreaty Tribal Watersheds

Source: Dittmer (2008) Source: Dittmer (2008) in preparationin preparation



Seasonal Flow Volume: Seasonal Flow Volume: 
Metolius BasinMetolius Basin (Deschutes)(Deschutes)

Source: Dittmer (2008) Source: Dittmer (2008) in preparationin preparation

Seasonal Flow: Metolious R., Grandview, OR (1912-2007)

y = -0.0003x + 1.0257
R2 = 0.0338 (or 3% decline)
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Seasonal Flow Volume: Seasonal Flow Volume: 
All Treaty Tribal WatershedsAll Treaty Tribal Watersheds

Source: Dittmer (2008) Source: Dittmer (2008) in preparationin preparation



Seasonal Flow Volume Seasonal Flow Volume 
Standard Dev.: Standard Dev.: OkanoganOkanogan

Source: Dittmer (2008) Source: Dittmer (2008) in preparationin preparation

Seasonal Flow: Okanogan River nr Tonasket, WA (1912 - 2007)

y = 0.0007x + 0.0618
R2 = 0.3147
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Shift in Runoff Timing Shift in Runoff Timing 
vs. Basin Elevationvs. Basin Elevation

SHIFT IN MEDIAN WY RUNOFF vs. MEAN BASIN ELEVATION

y = 7324x-0.318

R2 = 0.5185
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Source: Dittmer (2008) Source: Dittmer (2008) in preparationin preparation



Climate Change Sensitivity: Climate Change Sensitivity: 
GIS assessmentGIS assessment

YAKAMA Area (sq.mi.) >4000 ft. Area (sq.mi.) <4000 ft. % <4000 ft. Percent Total of
Yakima 1307 4849 79% all w atersheds
Klickitat 314 1038 77% below  4000 ft.:

Wind 7 217 97% 87%
Wenatchee 623 710 53%

Entiat 232 187 45%
Lake Chelan 566 369 39%

Methow 1144 689 38%
Okanogan 252 1394 85%

UMATILLA Area (sq.mi.) >4000 ft. Area (sq.mi.) <4000 ft. % <4000 ft. Percent Total of
John Day 3747 4186 53% all w atersheds

Umatilla 300 2218 88% below  4000 ft.:
Grand Ronde 2417 1692 41% 83%

Imnaha 648 203 24%
Walla Walla 161 1601 91%

Tucannon 108 1352 93%
NEZ PERCE Area (sq.mi.) >4000 ft. Area (sq.mi.) <4000 ft. % <4000 ft. Percent Total of

Clearw ater 235 2096 90% all w atersheds
Salmon 6402 740 10% below  4000 ft.:

Grand Ronde 2417 1692 41% 66%
Imnaha 648 203 24%

Walla Walla 161 1601 91%
Tucannon 108 1352 93%

WARM SPRINGS Area (sq.mi.) >4000 ft. Area (sq.mi.) <4000 ft. % <4000 ft. Percent Total of
Deschutes 6064 4695 44% all w atersheds

John Day 3747 4186 53% below  4000 ft.:
Hood River 80 260 76% 52%

Fifteen Mile Creek 20 564 97%



Summary: Past Climate ChangeSummary: Past Climate Change

Yakama Nation and Umatilla Tribe: highest risk for climate changYakama Nation and Umatilla Tribe: highest risk for climate change, e, 
based on highest amount (83based on highest amount (83--87%) of land below 4000 feet, 87%) of land below 4000 feet, 
followed by Nez Perce Tribe (66%), then Warm Springs (52%).followed by Nez Perce Tribe (66%), then Warm Springs (52%).

Metolius basin century climate change: +1.7 degF day temperatureMetolius basin century climate change: +1.7 degF day temperature, , 
+2.9 degF night temperature, +5.4 inch (12%) more precipitation.+2.9 degF night temperature, +5.4 inch (12%) more precipitation.
Flow peaks 5.0 days sooner.  SpringFlow peaks 5.0 days sooner.  Spring--summer flow drops by 3%.summer flow drops by 3%.

John Day basin century climate change: +1.5 degF day temperatureJohn Day basin century climate change: +1.5 degF day temperature, , 
+3.2 degF night temperature, +3.2 degF night temperature, --0.4 inch (2%) less precipitation.  Flow 0.4 inch (2%) less precipitation.  Flow 
peaks 5 peaks 5 -- 10.7 days sooner.  Spring10.7 days sooner.  Spring--sum. flow drops by 14% sum. flow drops by 14% -- 22%.22%.

Umatilla basin century climate change: +1.3 day temperature, +1.Umatilla basin century climate change: +1.3 day temperature, +1.5 5 
degF night temperature, +0.4 inch (2%) more precipitation.  FlowdegF night temperature, +0.4 inch (2%) more precipitation.  Flow
peaks 14.2 days sooner.  Springpeaks 14.2 days sooner.  Spring--summer flow drops by 24%.  summer flow drops by 24%.  
UpperUpper Umatilla: peak 11.7 days sooner, spr.Umatilla: peak 11.7 days sooner, spr.--sum. flow drops 15%.sum. flow drops 15%.

Walla Walla basin century climate change: Flow peaks 12.6 days Walla Walla basin century climate change: Flow peaks 12.6 days 
sooner.  Springsooner.  Spring--summer flow drops by 17%.summer flow drops by 17%.

Imnaha basin century climate change: +1.7 day temperature, +2.0 Imnaha basin century climate change: +1.7 day temperature, +2.0 
degF night temperature, +0.7 inch (2%) more precipitation.  FlowdegF night temperature, +0.7 inch (2%) more precipitation.  Flow
peaks 5.7 days sooner.  Springpeaks 5.7 days sooner.  Spring--summer flow drops by 17%.summer flow drops by 17%.



Summary (cont.)Summary (cont.)
Johnson Creek (at Yellow Pine, ID) basin century climate change:Johnson Creek (at Yellow Pine, ID) basin century climate change:
Flow peaks 1.1 days sooner.  SpringFlow peaks 1.1 days sooner.  Spring--summer flow drops by 6%.summer flow drops by 6%.

Boise River basin century climate change: Flow peaks 6.5 days Boise River basin century climate change: Flow peaks 6.5 days 
sooner.  Springsooner.  Spring--summer flow drops by 13%.summer flow drops by 13%.

Salmon basin century climate change: +1.4 degF day temperature, Salmon basin century climate change: +1.4 degF day temperature, 
+3.3 degF night temperature, +0.6 inch (2%) more precipitation. +3.3 degF night temperature, +0.6 inch (2%) more precipitation. 
Flow peaks 6.6 days sooner.  SpringFlow peaks 6.6 days sooner.  Spring--summer flow drops by 9%.  summer flow drops by 9%.  
UpperUpper Salmon: peak 3.8 days sooner, springSalmon: peak 3.8 days sooner, spring--sum. flow drops 7%.sum. flow drops 7%.

St. Joe River basin century climate change: Flow peaks 5.4 days St. Joe River basin century climate change: Flow peaks 5.4 days 
sooner.  Springsooner.  Spring--summer flow drops by 17%.summer flow drops by 17%.

Clearwater basin century climate change: +0.8 degF day temp., Clearwater basin century climate change: +0.8 degF day temp., 
+2.3 degF night temperature, +4.0 inch (11%) more precipitation.+2.3 degF night temperature, +4.0 inch (11%) more precipitation.
Flow peaks 8.4 days sooner.  SpringFlow peaks 8.4 days sooner.  Spring--summer flow drops by 24%.summer flow drops by 24%.

White Salmon basin century climate change: +1.2 degF day temp., White Salmon basin century climate change: +1.2 degF day temp., 
+0.6 degF night temperature, +3.5 inch (6%) more precipitation. +0.6 degF night temperature, +3.5 inch (6%) more precipitation. 
Flow peaks 12.1 days sooner.  SpringFlow peaks 12.1 days sooner.  Spring--summer flow drops by 10%.summer flow drops by 10%.

Klickitat River basin century climate change: Flow peaks 11.1 daKlickitat River basin century climate change: Flow peaks 11.1 days ys 
sooner.  Springsooner.  Spring--summer flow drops by 11%.summer flow drops by 11%.



Summary (cont.)Summary (cont.)
American River (at Nile, WA) basin century climate change: Flow American River (at Nile, WA) basin century climate change: Flow 
peaks 16.8 days sooner.  Springpeaks 16.8 days sooner.  Spring--summer flow drops by 18%.summer flow drops by 18%.

Wenatchee basin century climate change: +0.2 degF day temp., Wenatchee basin century climate change: +0.2 degF day temp., 
+2.8 degF night temperature, +4.5 inch (6.5%) more precipitation+2.8 degF night temperature, +4.5 inch (6.5%) more precipitation.  .  
Flow peaks 6.8 days sooner.  SpringFlow peaks 6.8 days sooner.  Spring--summer flow drops by 9%.summer flow drops by 9%.

Stehekin River (Lake Chelan) basin century climate change: Flow Stehekin River (Lake Chelan) basin century climate change: Flow 
peaks 0 days sooner.  Springpeaks 0 days sooner.  Spring--summer flow drops by 0%.summer flow drops by 0%.

Methow basin century climate change: +1.6 degF day temperature, Methow basin century climate change: +1.6 degF day temperature, 
+3.5 degF night temperature, +7.0 inch (28%) more precipitation.+3.5 degF night temperature, +7.0 inch (28%) more precipitation.
Flow peaks 1.5 days sooner.  SpringFlow peaks 1.5 days sooner.  Spring--summer flow drops by 2%.summer flow drops by 2%.

Okanogan basin century climate change: +1.1 degF day temp., +4.1Okanogan basin century climate change: +1.1 degF day temp., +4.1
degF night temperature, +3.5 inch (24%) more precipitation.  FlodegF night temperature, +3.5 inch (24%) more precipitation.  Flow w 
peaks 6.4 days sooner.  Springpeaks 6.4 days sooner.  Spring--summer flow drops by 9%.summer flow drops by 9%.

Average springAverage spring--summer flow shift of all 24 watersheds: 10.3%.  summer flow shift of all 24 watersheds: 10.3%.  
Columbia River at Bonneville: springColumbia River at Bonneville: spring--summer flow drops by 10%.summer flow drops by 10%.

UWUW--CIG: PNW warmed +1 to +2 degF (on average), precipitation CIG: PNW warmed +1 to +2 degF (on average), precipitation 
+14% (1930+14% (1930--1995), and April 11995), and April 1stst snowpacks declined snowpacks declined --15% to 15% to --60%.60%.



Current Climate IssuesCurrent Climate Issues

Hot summer mainstem water temperatures often exceed state 
standards for salmon.  Adult salmon migration delays are 
more common at Bonneville Dam due to high temperatures 
(> 68 degF).  Fish may stray into cooler tributary streams.

Incubation of redds is sooner due to warmer winter water.

Invasive warm water species is a growing problem.

Weather patterns are becoming more extreme and variable.  
Examples: more severe hurricane days, new records set for 
temperature (day & night), severe weather (e.g., tornadoes) 
in the off-season, persistent dry spells, etc.

Arctic permafrost is melting fast, releasing much methane.

Amount of climate change seems to be accelerating.

Cause: both human (greenhouse gas) and natural cycles.

THE CLIMATE THAT IS…



Water Temperature:Water Temperature:
Columbia River BasinColumbia River Basin

Data Source: US Army Corps of Engineers

SPRING & SUMMER 1940 - 2007: COLUMBIA (BONNEVILLE) WATER TEMPERATURE

y = 0.0312x + 52.942
R2 = 0.1819 (spring)

y = 0.0605x + 64.687
R2 = 0.3414 (summer)

50

52

54

56

58

60

62

64

66

68

70

72
19

40

19
42

19
44

19
46

19
48

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

W
A

TE
R

 T
EM

PE
R

A
TU

R
E 

(d
eg

F)



Future Climate ImpactsFuture Climate Impacts
PNW temperatures (April-Sept.): +0.8 to +3.8 degF (2020), 
+1.4 to +5.4 (2040).  Precipitation: -4% to +7%.  Snowpacks 
will decline even more.  Source: UW-CIG (www.cses.washington.edu/cig)

IPCC: +3 to +7 degF global average temperatures by 2100.

PNW Water resources—less summer flow, more winter flow & 
floods.  Summer stream temperatures will continue to rise.

PNW Drought will likely occur and persist more often.

PNW Coastal lands will see increased inundation, erosion.

Ocean acidification—impacts to migrating salmon?

More PNW forest fires and pest infestations are likely.  
Denmark’s solution – reforest with “climate robust” species.

Long-term change: What about abrupt climate change?  
Could a “Day After Tomorrow” scenario occur?  How will 
climate change in Greenland and the Arctic impact the PNW?

THE CLIMATE THAT WILL BE…



Key to Future Climate?Key to Future Climate?

Map courtesy of the Danish Climate Center (http://klimagroenland.dmi.dk)



Trend of Greenland melt?

Movie clip: time-lapsed Greenland glacial melt for 2002:

melt2002.mpg.mpeg



Greenland 2006

Photo courtesy of the Honorable Torben Hansen, Danish MP (http://www.th-randers.dk)



DansgaardDansgaard--Oeschger event & Oeschger event & 
Heinrich event (abrupt change)Heinrich event (abrupt change)

Source: http://en.wikipedia.org/wiki/Dansgaard-Oeschger_events



A. Lyberth A. Lyberth -- Greenland ElderGreenland Elder

Source: www.icewisdom.com

“The Eskimo-Kalaallit people have 
a prophecy that when the once 
rock-hard glaciers become so soft 
that you could leave a handprint 
on them, this would be a sign that 
Mother Earth is in profound 
turmoil.  I never thought I would 
witness the prophecy taking place 
in my lifetime.”



Could Global Cooling Happen?Could Global Cooling Happen?

Glaciers in western Greenland are melting at a faster pace.

Glacial mass balance of Greenland is poorly understood.   
Danish climate scientists need to do much more research.  
Greenland heat flux modeling: (www.dmi.dk/eng/tolly_workshop_mai07.pdf)

Abrupt climate change may have limited impact - Greenland.

Danish Climate Center: Arctic sea ice will persist, but thinning.

NASA predicts a weak solar cycle in 2022 – climate impacts?  
(http://science.nasa.gov/headlines/y2006/10may_longrange.htm).

Space & Science Research Center predicts cold era by 2022: 
(http://www.spaceandscience.net/id16.html)

Could a 20-30 year cold period counter the warming trend? 
(http://www.newsmax.com/insidecover/global_warming_ice_age/2008/04/24/90591.html)  



Unstoppable Climate Change?Unstoppable Climate Change?

CARBON DIOXIDE - TIPPING POINT THRESHOLD (450 ppm)

R2 = 0.989
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IRREVERSIBLE CLIMATE CHANGE?

Dr. James Hansen, NASA: http://www.ens-newswire.com/ens/jun2007/2007-06-01-01.asp



Future PNW ImpactsFuture PNW Impacts

Moderate to major loss of low level mountain snow.

Increasingly highly variable (and harder to predict) spring and 
summer water supply.  Water quality is at high risk.

Warming water temperatures will really stress the salmon.  
Will Columbia Salmon retreat to cooler BC and/or Alaska?  
What are the legal implications for the Tribes?

Increased competition—salmon water vs. irrigation water.

Increase in Pacific Northwest coastal “Dead Zones.”
(http://www.latimes.com/news/nationworld/nation/la-na-deadzone2-2008may02,0,1285619.story)

Extreme weather (http://www.sciencemag.org/cgi/reprint/289/5487/2068.pdf?ck=nck).

Could “climate refugees” move to the PNW and strain our land 
and water resources?  Conflicts over PNW natural resources?  
Nexus of population growth and “climate refugees”?



Future PNW ClimateFuture PNW Climate

Source: University of Washington – Climate Impacts Group



Future PNW River TimingFuture PNW River Timing

Data source: UW-Climate Impacts Group (www.cses.washington.edu/cig)

Natural Flow, Columbia River at The Dalles: Present and Future
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Future PNW Climate Trends

Warming Warming –– very high probability. very high probability. 

Wetter winters Wetter winters –– moderate probability.moderate probability.

Drier summers Drier summers –– moderate probability.moderate probability.

Extreme weather Extreme weather –– high probability.high probability.

Increased drought Increased drought –– high probability.high probability.

Abrupt Climate Change Abrupt Climate Change –– low probability.low probability.

Global cooling (decade?) Global cooling (decade?) –– possible.possible.



What Can be Done?What Can be Done?
More flexibility and adaptability built in our ecosystems and economies.  
Prepare for increased weather variability and extremes.

Reduce greenhouse gas emissions.  Use more “green” energy (wind, solar) 
and less oil.  Absorb excess greenhouse gas emissions from atmosphere.

Promote natural water storage via Watershed, Riparian, Floodplain restoration.

Improve Columbia basin runoff forecasting to help in Federal hydro operations 
UW’s streamflow forecasting tool: (www.hydro.washington.edu/forecast/westwide).  
Optimize current flood control (http://www.cses.washington.edu/cig/outreach/workshopfiles/kelso06/lee.ppt)

Use alternative hydro operational strategies (e.g., CRITFC’s Altered Flood 
Control) for earlier refill and to enhance natural peaking river regimes.

Maintain climate reporting stations (“coop” sites).  Restore closed stations.

NRDC: “In Hot Water: Water Man. Strategies” (www.nrdc.org/globalWarming/hotwater/contents.asp)

UW-CIG: “Preparing for Climate Change” (http://cses.washington.edu/cig/fpt/guidebook.shtml)

Grow trees on tribal lands for carbon sequestration credits (“cap & trade”). 
(www.azcentral.com/arizonarepublic/local/articles/1207tribal-climate1207.html),(www.tribalclimate.org)

Extreme climate change scenarios may not be inevitable.  Embrace hope!  ☺



Protect our FutureProtect our Future……



What are your questions?What are your questions?

Mange tak og god aften!Mange tak og god aften!

(Thank you and good evening!)(Thank you and good evening!) ☺☺
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