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Columbia River Basin

Figure courtesy of Robert Norheim, Climate Impacts 
Group, University of Washington

• Hydropower
• 29 gigawatts (GW) of 

hydroelectric generating 
capacity 

• 44% of the total hydroelectric 
generation in the nation in 
2012

• Flood control
• Irrigation
• Fisheries and ecosystem services
• Navigation
• Recreation

Annual flow volume (about 198 MAF)



Source: The Columbia River System inside story, BPA
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Mote, P. W., A. F. Hamlet, M. P. Clark, and D. P. Lettenmaier, 2005: Declining mountain snowpack in western north America. Bulletin of the 
American Meteorological Society, 86, 39-+, 10.1175/bams-86-1-39.

Linear trends in 1 Apr SWE relative to the starting value for the linear 

fit (i.e., the 1950 value for the best-fit line)

Historic changes in snow pack in the western US



Columbia River
at the Dalles

Pacific Northwest (PNW) Hydroclimate
Scenarios Project (2860), Climate Impacts 
Group, University of Washington

CMIP3 / AR4
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Stakeholders

• River Management Joint Operating Committee
– BPA (hydropower)
– Army Corps of Engineers (flood control)
– Bureau of Reclamation (irrigation)

• Tribes, federal, state and local governments
– Columbia River Inter-Tribal Fish Commission
– EPA
– State water managers

• Others
– Seattle City Light



Project synopsis: goals

• Update: Evaluate the implications of climate change 
– as projected by the CMIP5 global model 
simulations – for the hydrology of the Columbia River 
Basin

• Extension: Assess the effects of methodological 
choices on the hydrologic projections (e.g. hydrologic 
model, downscaling method, global climate model)

CMIP5 / AR5
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Project Synopsis: Hydrologic Model Runs
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Project synopsis: study overview

Figure: Robert Norheim, Climate Impacts Group, 

University of Washington 

Period: 1950-2100

Two hydrologic models with 
multiple different parameter 
sets

Three downscaling methods

Ten global climate models

Two representative 
concentration pathways

172 future hydrologic scenarios



Project synopsis: study overview

Figure: Robert Norheim, Climate Impacts Group, 

University of Washington 

Period: 1950-2100

Two hydrologic models with 
multiple different parameter 
sets

Three downscaling methods

Ten global climate models

Two representative 
concentration pathways

172 future hydrologic scenarios

Still not a true measure of 
uncertainty in the projections, but a 

measure of the effects of 
methodological choices on the 

spread of the projections 
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Historical
RCP 4.5
RCP 8.5
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Historical
RCP 4.5
RCP 8.5



Climate Projections for the Columbia River Basin*

CMIP3
(SRES AIB, B1)

CMIP5:
RMJOC-II

*Above The Dalles
10%-90% percentiles
Gray: CMIP3
Light blue: CMIP5
Blue: overlap

CMIP5
(RCP 4.5, 8.5)

CMIP3: 
RMJOC-I



Project Synopsis: GCM Downscaling
Mean annual temperature changes for three downscaling 

methods and three GCMs for period 2010-2049 and RCP 8.5



Project Synopsis: GCM Downscaling
Mean annual precipitation changes for three downscaling 

methods and three GCMs for period 2010-2049 and RCP 8.5



MACA BCSD ORNL

RCP 4.5 RCP 8.5 RCP 4.5 RCP 8.5 RCP 8.5

VIC

Parameter
Set 1

Parameter 
Set 2

Parameter 
Set 3

PRMS Parameter
Set 1

Project Synopsis: Hydrologic Model Runs

Each    represents a different hydrologic simulation based 
upon distinct meteorological forcings



Project Synopsis: Sensitivity Analyses
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Stakeholders

• River Management Joint Operating Committee
– BPA (hydropower)
– Army Corps of Engineers (flood control)
– Bureau of Reclamation (irrigation)

• Tribes, federal, state and local governments
– Columbia River Inter-Tribal Fish Commission
– EPA
– State water managers

• Others
– Seattle City Light



Stakeholder involvement

• Monthly phone calls with RMJOC
• Periodic updates to CRFG
• Approximately annual Transboundary

Workshops
• Annual presentations to BPA T&I program
• Active involvement of RMJOC in evaluating 

research results
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– BPA (hydropower)
– Army Corps of Engineers (flood control)
– Bureau of Reclamation (irrigation)

• Tribes, federal, state and local governments
– Columbia River Inter-Tribal Fish Commission
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– State water managers

• Others
– Seattle City Light

Follow-up opportunities 
and questions



Questions from conveners

• How will interacting vulnerabilities in water 
resources management systems change at local 
and state levels in a warming world?

• What measures are needed to increase the water 
resiliency […] and to anticipate projected changes 
and interactions between water resources and 
other systems?

• How can the human factors [...] be fully included 
in the future projections of the regional water 
cycle in earth system models?
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