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What are current observations and models saying?What are current observations and models saying?



During the past 50 years, longDuring the past 50 years, long--term winterterm winter--spring spring 
warming trends have changed the West.warming trends have changed the West.

CayanCayan et al., 2001et al., 2001



Stewart et al., Stewart et al., 
2004; 20052004; 2005

Centers of Mass

By several By several 
measures,measures,

Western Western (and (and 
Northeastern)Northeastern)
streamflowsstreamflows

havehave been also been also 
been been observedobserved
to arrive earlier to arrive earlier 

in the yearin the year
during recent during recent 

decades.decades.



These recent western changes appear to be These recent western changes appear to be in in 
large partlarge part due to globaldue to global warming trends fromwarming trends from
increases in the global greenhouse effect.increases in the global greenhouse effect.

MeehlMeehl et al., in presset al., in press

Climate-model simulations of 
global-average temperature

Observed

Natural forcings suffice

Greenhouse emissions
required



We don’t know how these We don’t know how these forcingsforcings will evolve in the will evolve in the 
future, other than to know that future, other than to know that the greenhouse effect the greenhouse effect 

will continue to increase in the foreseeable futurewill continue to increase in the foreseeable future..

This trend really began in earnest 
about 30-50 years ago…

GREENHOUSE FORCINGS



In response,In response, current climate models yield current climate models yield 
consistent warming scenariosconsistent warming scenarios for for CaliforniaCalifornia..

They also suggest that major changes are
not more than about 20 year away…
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The same climate models provide The same climate models provide 
no such no such consensus re: future precipitationconsensus re: future precipitation..

They tell us little about whether it will be 
wetter or drier, but they do seem to indicate 
that changes may be small…



However, the However, the variability ofvariability of precipitation & precipitation & 
streamflowstreamflow IS projected to increase.IS projected to increase.

Thus, whether wetter or drier, more 
variability should be expected…

Largest increases in 
the largest storms



To review a bit, with a little To review a bit, with a little 
smoothing, we can smoothing, we can 
describe the odds of describe the odds of 
obtaining various levels obtaining various levels 
of climate change in of climate change in 
current projectionscurrent projections……

1.1. WarmerWarmer
2.2. Wetter or drier?Wetter or drier?
3.3. More precipitation variabilityMore precipitation variability

Dettinger, in press, San 
Francisco  Estuary & 

Watershed Science



By the middle of By the middle of 
the 21st Century, the 21st Century, 

even in the even in the 
coolest coolest 

scenariosscenarios, , earlier earlier 
snowmelts & snowmelts & 

major reductions major reductions 
in in snowpackssnowpacks of of 

the Sierra the Sierra 
Nevada are Nevada are 
projected...projected...

Knowles & Cayan, 2004

CENTRAL VALLEY

No snow left

Most snow left

SIERRA NEVADA

SIERRA NEVADA

--> About 30% less April 
snowpack overall

2060



Knowles and Cayan, 2004

Changes in Sierra Nevada Outflow, 2060 – 2000

Even tEven the coolest he coolest 
projections would projections would 
causecause
more severe more severe 
winter floods winter floods 
and and 
lower lower 
summertime summertime 
flowsflows (threatening (threatening 
a saltier estuarya saltier estuary
as a result)as a result)..



Drought & flood are two sides ofDrought & flood are two sides of
the same climatethe same climate--change response (each year)change response (each year)

…which may put water management in a real bind!…which may put water management in a real bind!



To put the projected To put the projected streamflowstreamflow--timing timing 
changes into perspective…changes into perspective…

In the Sierra Nevada:In the Sierra Nevada:
•• The average April 1 snowpack now containsThe average April 1 snowpack now contains

about about 1515 million acremillion acre--feet of water.feet of water.

•• The major foothill reservoirsThe major foothill reservoirs
can hold a total of can hold a total of 2121 million acremillion acre--feet.feet.

•• Reservoir storage set aside for flood controlReservoir storage set aside for flood control
reaches a total of about reaches a total of about 5.25.2 million acremillion acre--feetfeet

in an average year.in an average year.

•• Conservatively projected changes in spring snowpackConservatively projected changes in spring snowpack
total abouttotal about 5.4 5.4 million acremillion acre--feetfeet by 2060.by 2060.



2025

2050

Finally:Finally:
Is California any more or less Is California any more or less 
vulnerable to these changes vulnerable to these changes 
than is the rest of the Nation?than is the rest of the Nation?

What fraction of What fraction of 
precipitation is likely to precipitation is likely to 

change from snow to rain?change from snow to rain?



2025

2050

How many days will change How many days will change 
from frozen to abovefrom frozen to above--
freezing?freezing?



2025

2050

How many of the largest How many of the largest 
storms will change from storms will change from 

snowy to rainy?snowy to rainy?



WHAT ARE CURRENT PROJECTIONSWHAT ARE CURRENT PROJECTIONS
TELLING US?TELLING US?

Northern California temperature projections areNorthern California temperature projections are
broadly in consensus (+3 to +6 or more ºC) broadly in consensus (+3 to +6 or more ºC) ----> > 

causing earlier flows, more floods & drier summerscausing earlier flows, more floods & drier summers
••

Warming already underway and coming fastWarming already underway and coming fast
••

Northern California precipitation projections are a bit more Northern California precipitation projections are a bit more 
scattered, with MOST showing small (drier?) changes but scattered, with MOST showing small (drier?) changes but 

with a couple of outliers much wetterwith a couple of outliers much wetter
••

California water supplies/ecosystems are likely to California water supplies/ecosystems are likely to 
experience these changes earliest and and most intensely.experience these changes earliest and and most intensely.
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California’s California’s 
Water ResourcesWater Resources



From DWR Bulletin 160



Seasonal Mismatch of Supply and DemandSeasonal Mismatch of Supply and Demand

• Runoff is greatest in the winter/spring
• Demand is greatest in the summer
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Water Resources Water Resources 
Management ToolsManagement Tools



Water Resources ModelsWater Resources Models
CALSIM II CVP/SWP operations

reservoir operations, Delta exports, 
carryover storage, etc

DSM2 Delta hydrodynamics and 
water quality
flow, water levels, salinity, etc

IGSM2 Groundwater-surface water
groundwater flow, surface water flow, 
and surface-groundwater interaction



CALSIM II CALSIM II 
GridGrid

Image courtesy of USBR



DSM2 Grid

Image from USBR 
GIS Group



IGSM2 IGSM2 
ConceptualizationConceptualization



Climate Change Climate Change 
Impacts on Impacts on 

Water ResourcesWater Resources



Water Resources ImpactsWater Resources Impacts
• Floods and Droughts

– Frequency
– Magnitude and Duration

• Water Supply and Demand
– Supply Reliability
– Demand Shifts 

• Water Quality
– Municipal, Ag, and Industrial
– Environmental



DWR/Reclamation Management IssuesDWR/Reclamation Management Issues
• Water Supply

– CVP/SWP Allocations
– Cold Water Resources

• Water Quality
– Delta Salinity

• Protection Capabilities
– Flood Control 
– Drought Mitigation

• Energy Generation & Use



Joint DWRJoint DWR--USBR USBR 
Climate Change TeamClimate Change Team



Climate modelers forecast 
possible future climate 
conditions

Our climate change team 
assesses potential impacts and 
risks that those climate change 
scenarios could have on 
California’s water resources



Uncertainty
Given the variability and uncertainty in 

climate projections over California, 

how do we apply climate change impacts and 
risk assessment to planning and management 

of California’s water resources?



Risk AssessmentRisk Assessment



Risk =Risk =

Impact * ProbabilityImpact * Probability



Impacts Probability:Impacts Probability:
Sources of UncertaintySources of Uncertainty

1.  CO2
Emissions 
Scenario

Adapted from Cayan and Knowles, SCRIPPS/USGS, 2003

?

2.  Global Climate 
Simulation Model4. Hydrologic 

Models

3.  Global-to-Local  
“Climate Downscaling”

5.  Operations 
Models

?

?

?

?



Working towards “Risk”Working towards “Risk”
• Progress To-Date

– Apply proven methods with agency tools
• Reservoir operations analyses with CALSIM II
• Delta water quality analyses with DSM2

– Coalition Building

California Energy 
Commission

SCRIPPS Institute 
of Oceanography

Lawrence 
Livermore Lab

UC Davis, 
UC Berkeley

Lawrence 
Berkeley Lab U.S. Geological Survey



Working towards “Risk” cont.Working towards “Risk” cont.

Adapted from Dettinger, USGS/SCRIPPS, 2004

SWP
CVP
Local

Brainstorming methods for 
incorporating probability  
estimates into WR planning
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