Climate Change in Long Term
Water Resources Planning:
California Case

ILSI-INDIA/CIMSANS
Bangalore, India

November 15, 2013
Francis Chung, Ph.D. ,P.E.
California Department of Water Resources




nual Precipitation
ﬂT 2005)
in millimeters

101 -500
501 -1,000
1,001 - 1,500
wn 1,501 - 2,000
mm 2,001 -4,180




ECONOMY —/——=
1.8 Trillion in GDP makes California--

the 8th largest economy in the world




California‘’s Gross Cash Receipts, 2011
$43.5 Billion*

Greenhouse, Field Crops, Livestock & Poultry,

MNursery, & 5493 51236
Floriculture, 53.6

Fruits & Nuts, Vegetable & Melon
315.32 5724

*Totals may not adddue to munding.

Agric ultu al Statistical Overview




TopSAg cultum | States inCes hRece ipts, 2011
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Californias Top 10 Agricultural Export Markets, 2011

Rank Country Export Llemding Exports
Valus
Ml ions
Ca nada 308 Wine, Lettuce, Stawberries
EuropmnUnion 2214  Almords, Wine, Petachios
China/Hong Kong 1382 Almonds, Petachios, Walnuts
Jagan 1,415 Rke Almonds, Beefand Products
Mexio 661 DairyandProducts, Prece=ed
Tomatoes, Table Grapes

South Korea S77 Onmgesand Prodwets, Rice, Beefand

Products

India Almords, Cotton, O nges and
Products

United A b Almonds, Wa Inuts, Hay
Emiates

Turkey Walnuts, Almonds, Processed

Torma toes
Taiwan Beefand Products, Almonds, Rice




Callforma Water De Velapment

Mokelumne
Rwer Aqueduct

CA Department of
cmorado River Water Resources

MERUEEUEE=  State Water Project
& 1960 - Burns Porter Act
1973 - 1st water to So.Cal.




Potential Impacts of Climate Change
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—"i.l Update 2009 | Highlights Integrated Water Management

% Climate Change:  Stressing Our Water System

Water & Power Operations

What are the Expected Impacts from These Changes?
Clizsate change is already Baving 3 profound offect ca California’s water resources as evidenced by
changes in snowpack, river Sows, and se Jovels. Scieatific stadios show these changes will increase

stre1s on the water system in the futare. Because some level of climate change is inevitable, the water {will be Wetar spsly
systec oast be adaptable to change. illustration) Paewedsond

Tho impacts of thess changes will gradually increase during this ceatury and beyend. California needs
to plaa for water system modifications that adapt %o the fellowing impacts of climate change:
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Climate Change Impacts on
California’s Water Resources

Reduced snowpack

Earlier showmelt 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




Less Show and Melts Sooner

Present Conditions Increased Air Temperature




River Deltas and Sea Level Rise

Ganges Delta, Bangladesh Sacramento-San Joaquin Delta
California




9.8

Increase ~0.08 in/yr
Total increase from 1900-2003 = 8.15in

9.6

Stage (ft MSL)
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Climate Change Predictions for Northern California Differ
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Divergence in trend and magnitude
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Models agree that air temperature oW
34 increases, but vary in the :
magnitude and rate of increase
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6 coupled GCMs
US NCAR PCM
UK HADCM3
- DKRZ ECHAM4/OPYC3
CSIRO-Mk2
Canada CGCM1 (3)

Japan NIES
UK HADCM2 (4)

(Source: D. Cayan,
April 2003,
ISAO Workshop)



Operations Modeling

Global Regional SWP & CVP  Delta Flow &
Modeling Downscaling  Operations  Water Quality
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GFDL or PCM VIC CALSIM DSM2

Air Temperature  Streamflow Reservoir Ops Flow
Precipitation Snowpack Deliveries Salinity
Humidity Snow melt Storage
Radiation Soil Moisture Delta Outflow




Probabilistic
Risk Assessment

Climate Change Work Team Goals




Statewide CVP & SWP
Water Allocation Model

CALSIM

Oroville
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CVGSM Subregions
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Progress on Incorporating 1 IntrOd UCtiOn
Climate Change into Management

of California’s Water Resources 2 BaCkg Fou nd
3 DWR Studies

4 SWP-CVP Impacts
5 Delta Impacts

6 Flood
Management

CH7
Evapotranspiration

CH8 Future Directions

July 2006
Technical Memorandum Report
California Department of Water Resources




Framework for Action
Sustainable & Reliable Water in

e I 2030
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Initiatives
1{s] Improve Statewide

Reliability - Water Management

i Support
Foundational X
Actions for Environmental

Sustainability i i Stewardship

Climate change is the sole focus of one of the 14 major recommendations




Crisis to Opportunity

Credible Information: Science/Engineering

Action Plan: Conserve, Recycle, Stop
Overdraft, Build New Facilities

Public Support: Vote and Funding




