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Climate Change Impacts on Climate Change Impacts on 
CaliforniaCalifornia’’s Water Resourcess Water Resources

Reduced snowpack, impacting water 
supply and hydropower

Earlier snowmelt results in increased 
flood control demand on reservoir 
space 

Higher water temperatures impacts 
ecosystem

Sea level rise impacts the Delta, 
threatens levees and increases salinity

Increased demand in all sectors



Changes in Runoff Timing

Sacramento River Runoff
April - July Runoff in Percent of Water Year Runoff
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Changes in Runoff Timing

American River at Folsom Runoff
April - July Runoff in percent of Water Year Runoff
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Changes in Runoff Timing

San Joaquin (4-River) Runoff
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American River Runoff      
Annual Maximum 1-Day Flow 
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Feather River Runoff      
Annual Maximum 1-Day Flow 
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San Joaquin River Runoff    
Annual Maximum 1-Day Flow 
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Diminishing Sierra SnowpackDiminishing Sierra Snowpack
% Remaining, Relative to 1961% Remaining, Relative to 1961--19901990

(Hanemann et al., 2004)



Source: Roos 2003

Sea Level RiseSea Level Rise



Sea Level Rise

Projections

Source: IPCC, 2001
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Implications of Sea Level Rise in the DeltaImplications of Sea Level Rise in the Delta

•Salinity intrusion degrades 
water quality, requires 
additional releases

•Habitat changes, losses

•Levee failure

•Inundation

•Interruption of water 
supplies



FoundationalFoundational
Actions forActions for

SustainabilitySustainability

InitiativesInitiatives
forfor

ReliabilityReliability

VisionVision

Framework for ActionFramework for Action
Sustainable & Reliable Water in 2030Sustainable & Reliable Water in 2030



California Water Plan Update 2005California Water Plan Update 2005
Recommendation 10Recommendation 10

State government must help predict and prepare forState government must help predict and prepare for
the effects of global climate change on our waterthe effects of global climate change on our water
resources and water management systems. resources and water management systems. 

State government should work with and assist researchers State government should work with and assist researchers 
to monitor, predict and prepare for the effects of global to monitor, predict and prepare for the effects of global 
climate change on Californiaclimate change on California’’s water systems and the s water systems and the 
environment.environment.

DWR should develop alternative flow data toDWR should develop alternative flow data to
help State, federal, and regional planners test the potentialhelp State, federal, and regional planners test the potential
effects of global climate change on different resource managemeneffects of global climate change on different resource management t 
strategies; and to help water facility operators test alternativstrategies; and to help water facility operators test alternative e 
reoperation strategies, including the State Water Project.reoperation strategies, including the State Water Project.



Executive Order S-3-05
Statewide GHG Targets

By 2010, Reduce to 2000 Emission Levels*
By 2020, Reduce to 1990 Emission Levels**
By 2050, Reduce to 80%  Below 1990 Levels

*    Equals ~60 Million Tons Emission 
Reductions, 11% Below BAU

**  Equals ~170 Million Tons Emission 
Reductions, 30% Below BAU



Climate Action Team
CalEPA Secretary Chairs the Team 
BT&H, CDFA, Resources, PUC, ARB, 
CIWMB, and CEC are Represented
The CAT Report:
– Key Recommendations
– Emission Reduction Strategies
– Market-Based Program
– Scenario Analysis
– Environmental Justice Considerations
– Final Report to Governor and Legislature in March 

2006 (updated Biennially)



DWR Technical Memorandum Report
July, 2006

Francis Chung
Jamie Anderson
Mike Anderson

Levi Brekke (USBR)
Dan Easton

Messele Ejeta
Michael Floyd

Guido Franco (CEC)
Alan Olson

Morteza Orang
Michael Perrone

Roy Peterson
Maury Roos

Richard Snyder (UCD)
David Todd

Russell Yaworsky (USBR)
Hongbing Yin

www.baydeltaoffice.water.ca.gov/
climatechange.cfm



Assembly Bill 32

Global Warming Solutions Act of 2006
Reduce GHG emissions to 1990 levels by 2020 
(30% reduction)
Applies to Kyoto pollutants
– CO2, CH4, N2O, HFC, PFC, SF6

Detailed action schedule



Water, Energy and Climate ChangeWater, Energy and Climate Change

Future water 
management activities 
must consider 
strategies to reduce 
greenhouse gas 
emissions



New IPCC FindingsNew IPCC Findings
Confirms impacts we are Confirms impacts we are 
already witnessingalready witnessing
Emphasizes the Emphasizes the 
importance of adaptationimportance of adaptation
Impacts dependent upon Impacts dependent upon 
both climate change and both climate change and 
adaptive capacityadaptive capacity
Recommends a portfolio Recommends a portfolio 
approachapproach



California Water Plan Update 2009California Water Plan Update 2009
Climate Change Technical Advisory GroupClimate Change Technical Advisory Group

(as of April 26, 2007)(as of April 26, 2007)

Barney Austin, Barney Austin, 
Texas Water Development BoardTexas Water Development Board

Levi Brekke, USBRLevi Brekke, USBR
Dan Cayan, USGS/ScrippsDan Cayan, USGS/Scripps
Michael Dettinger, USGS/ScrippsMichael Dettinger, USGS/Scripps
Phil Duffy, LLNLPhil Duffy, LLNL
Guido Franco, CECGuido Franco, CEC
Kosta Georgakakos, Kosta Georgakakos, 

Hydrologic Research Hydrologic Research 
Center/ScrippsCenter/Scripps

Peter Gleick, Pacific InstitutePeter Gleick, Pacific Institute
David Groves, RANDDavid Groves, RAND
Michael Hanemann, UC BerkeleyMichael Hanemann, UC Berkeley
Paul Hutton, MWDSCPaul Hutton, MWDSC
Kathy Jacobs, Arizona Water InstituteKathy Jacobs, Arizona Water Institute
Rob Lempert, RANDRob Lempert, RAND

Jay Lund, UC DavisJay Lund, UC Davis
Ed Maurer, Santa Clara UniversityEd Maurer, Santa Clara University
Norm Miller, LBNLNorm Miller, LBNL
Richard Palmer, Richard Palmer, 

University of WashingtonUniversity of Washington
David Purkey, David Purkey, 

Stockholm Environment InstituteStockholm Environment Institute
Spreck Rosecrans, Spreck Rosecrans, 

Environmental Defense Environmental Defense 
Doug Rotman, LLNLDoug Rotman, LLNL
Richard Snyder, UC DavisRichard Snyder, UC Davis
KT Shum, EBMUDKT Shum, EBMUD
Michael Tansey, USBRMichael Tansey, USBR
Stu Townsley, USACEStu Townsley, USACE
Bob Wilkinson, UCSBBob Wilkinson, UCSB



Climate Change TAG DeliverablesClimate Change TAG Deliverables

Coordinate with GovernorCoordinate with Governor’’s Climate Action s Climate Action 
Team and next CAT report updateTeam and next CAT report update
Coordinate with DWR climate change matrix Coordinate with DWR climate change matrix 
teamteam
Incorporate climate change into scenariosIncorporate climate change into scenarios
Recommend climate change adaptation Recommend climate change adaptation 
strategies for California water managementstrategies for California water management



Climate change presents significant challenges for Climate change presents significant challenges for 
the management of Californiathe management of California’’s water resources.s water resources.
Climate change is occurring incrementally and will Climate change is occurring incrementally and will 
likely continue to do so based on historical records likely continue to do so based on historical records 
over the past 100 years and most projections.over the past 100 years and most projections.
CaliforniaCalifornia’’s water management systems already s water management systems already 
provide a great deal of operational flexibility.  provide a great deal of operational flexibility.  
We should have time to plan for future climate We should have time to plan for future climate 
change and then adapt to it. change and then adapt to it. 

California Water Management and California Water Management and 
Climate ChangeClimate Change



Plaquemines Parish, Louisiana, November 9, 2005

John T. Andrew, P.E., Chief
Special Planning Projects

Department of Water Resources
(916) 651-9657

jandrew@water.ca.gov



DWR Climate Change PolicyDWR Climate Change Policy

DWR/SWPDWR/SWP
Filed intent to register with Climate Action Registry Filed intent to register with Climate Action Registry 
Will not renew Reid Gardner contractWill not renew Reid Gardner contract

Statewide water planningStatewide water planning
Focus on adaptationFocus on adaptation
Diversified portfolio approach (IRWM)Diversified portfolio approach (IRWM)
Major theme of B160Major theme of B160--0909
Flood protectionFlood protection
GHG emissions reduction and water managementGHG emissions reduction and water management



Figure 2-4  Trend in Global Average Temperature from 1860 to 2000
Explanation: The figure depicts global average combined land-surface air and sea surface 
temperatures from 1861 to 1998 relative to the average temperature between 1961 and 1990. The 
left vertical scale is in degrees Celsius.  
Source: United Nation’s Environment Programme Global Resource Information Database -
Arendal website at: http://www.grida.no/climate/vital/17.htm.



Figure 2-6 Range of Projections Reported by the 
Intergovernmental Panel on Climate Change for Increasing 
Global Average Surface Temperature Through 2100.
•Source: United States Environmental Protection Agency website at: 
http://yosemite.epa.gov/oar/globalwarming.nsf/content/ClimateFutureClimateGlobal
Temperature.html



Figure 2-7 Worldwide Precipitation Trend for 1900 to 2000
Source: (IPCC, 2001b) http://www.grida.no/climate/ipcc_tar/vol4/english/fig2-6a.htm



Changes in the Amount of PrecipitationChanges in the Amount of Precipitation

ProjectionsProjections

From: Dettinger, 2005



Expected Storage Capacity Impacts Expected Storage Capacity Impacts 
from Changes in Runofffrom Changes in Runoff

A  moderate 3oC increase in temperature 
is projected to result in an increase in 
snow elevation of 1500 feet and a 4 to 5 
MAF decrease in Sierra snow pack

13.5 MAF
Reservoir
Storage

11 MAF
Reservoir
Storage

14 MAF
Snow Pack
Storage



Impacts AssessmentImpacts Assessment
Precipitation & Air Temp. Projections (2050)Precipitation & Air Temp. Projections (2050)

2 GHG emissions scenarios x 2 GCM models2 GHG emissions scenarios x 2 GCM models

PCMPCM

GFDLGFDL

B1B1A2A2Scenario/Scenario/
ModelModel
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2050 Change in 2050 Change in 
Reservoir Inflows Reservoir Inflows 
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Salinity Changes in the Sacramento-San Joaquin Delta



Analysis LocationsAnalysis Locations



% time below 250 mg/l Chloride % time below 250 mg/l Chloride 
Threshold Threshold 

Salt intrusion from a 1ft sea level rise and no changes in operations 
increases threshold exceedance at Old R at Rock Slough by ~10%

100%100%100%100%
CVPCVP--TracyTracy

100%100%100%100%
SWPSWP--Clifton CourtClifton Court

99.4%99.4%99.9%99.9%
CCWDCCWD--
Los VaquerosLos Vaqueros**

87.5% 87.5% 97.2%97.2%
CCWDCCWD--
Old River at Rock Sl.Old River at Rock Sl.

1ft Sea Level 1ft Sea Level 
RiseRiseBASEBASEScenario/LocationScenario/Location



Levee OvertoppingLevee Overtopping



Minimum Levee Crest ElevationsMinimum Levee Crest Elevations



Levee Overtopping PotentialLevee Overtopping Potential

22220000Jersey IsJersey Is
22220000Twitchell IsTwitchell Is
22220000Sherman IsSherman Is

4 Climate 4 Climate 
Change Change 

Scenarios Scenarios 
+1ft SLR+1ft SLR

1 ft SLR1 ft SLR
4 Climate 4 Climate 
Change Change 

ScenariosScenarios
BaseBase

# of Potential Overtopping Events in 16 yrs# of Potential Overtopping Events in 16 yrs

LocationLocation

Overtopping potential: simulated channel water level ≥ crest elevation



Climate Change Emissions --
California

Ag & Forestry
8.0%

Transportation
41.2%

Others
8.4%

Electric Power
19.6%

Industrial
22.8%



Scenario 
Demand 
Changes 

by
Region



Table 2-4 Runoff Statistics and Trends for Selected River Basins in California 

207394731901-2005Kern at Bakersfield

106974531930-2005Kern at Isabella

00145631930-2005Tule

004322851901-2005Kaweah

-1-21,6831,2381901-2005Kings

South San Joaquin Valley Basins

-1-21,8161,2831901-2005San Joaquin

0-19976461901-2005Merced

0-11,9111,2481901-2005Tuolumne

-1-21,1757451901-2005Stanislaus

-1-17584871901-2005Mokelumne

003691271908-2005Cosumnes

North San Joaquin Valley Basins

-3-52,7391,3591901-2005American

-2-32,3721,0961901-2005Yuba

2-64,4901,9011906-2005Feather

6-38,4762,5221906-2005Sacramento
at Bend Bridge

Sacramento Valley Basins

-3-75,9003,9221901-2005San Joaquin System6

3-1718,0246,8471906-2005Sacramento River System5

Central Valley River Systems

Period WY
Linear Trend

(TAF/yr) 4

Period A-J
Linear 
Trend

(TAF/yr) 4

Period  WY2

Average
(TAF)

Period A-J1

Average
(TAF) 3

Period of 
RecordBasin/River System



Common Energy-Water Tradeoffs
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Jay Lund, UCD



California Water Plan Update 2005California Water Plan Update 2005
Parking Lot IssuesParking Lot Issues

Integrate water and energy policy Integrate water and energy policy 
recommendationsrecommendations
More on climate change impacts and responsesMore on climate change impacts and responses
More on energy cost impacts and waterMore on energy cost impacts and water--energy energy 
relationshiprelationship



California Water Plan Update 2009California Water Plan Update 2009
Agency IssuesAgency Issues

Climate change or waterClimate change or water--energy cited by:energy cited by:

Business, Transportation & Housing (CalTrans)Business, Transportation & Housing (CalTrans)
California Energy CommissionCalifornia Energy Commission
California Public Utilities CommissionCalifornia Public Utilities Commission
California Department of Food and AgricultureCalifornia Department of Food and Agriculture
Office of Planning and ResearchOffice of Planning and Research
State Lands CommissionState Lands Commission


