
L005077




IN TR O D U C T IO N  ......................................... 1

S U M M A R Y  .............................................. 2

TH E C H A LLE N G E S  A H E A D  .............................. 4

IM P E R A T IV E  TO A C T. .................................. 8

Adaptation Strategies... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

In v e s tm e n t.................................................. 10

Provide Sustainable Funding for Statewide and

Integrated Regional W ater M anagem ent ..................... 10

Regional ..................................................... 11

Fully Develop the Potential of

Integrated Regional W ater M anagem ent ..................... 11

Aggressively Increase W ater Use Efficiency .................. 13

Statew ide .................................................... 16

Practice and Prom ote Integrated Flood M anagem ent........ 16

Enhance and Sustain Ecosystem s . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Expand W ater Storage and Conjunctive M anagem ent

of Surface and G roundwater Resources ...................... 23

Fix Delta W ater Supply, Q uality and Ecosystem  Conditions .... 25

Im proving M anagem ent and Decision-M aking Capacity. . . . . . 27

Preserve, Upgrade, and Increase M onitoring,

Data Analysis and M anagem ent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Plan for and Adapt to Sea Level Rise ......................... 28

Identity and Fund Focused Clim ate Change Im pacts

and Adaptation Research and Analysis ....................... 29

L005078




IN TR O D U C TIO N

F or C alifornia w ater m anagers, the future is now . C lim ate change is already

having a profound im pact on w ater resources as evidenced by changes in

snow pack, river flow s and sea levels.

The D epartm ent of W ater R esources (D W R ) w ill continue to play a leadership

role in adapting to these changes. D W R  is already engaged in a num ber of

efforts designed to im prove C alifornia's ability to cope w ith a changing clim ate.

H ow ever, m ore m ust be done. This report recom m ends a series of adaptation

strategies for state and local w ater m anagers to im prove their capacity to handle

change. M any of the strategies w ill also help adapt our w ater resources to

accom m odate non-clim ate dem ands including a grow ing population, ecosystem

restoration and greater flood protection.

S everal of the recom m endations in this report are ready for im m ediate adoption,

w hile others need additional public deliberation and developm ent. S om e can

be im plem ented using existing resources and authority, w hile the m ajority

w ill require new  resources, sustained financial investm ent and significant

collaborative effort.

M any of C alifornia's m ost im portant w ater resource investm ents rem ain

dependent on bond funding approved by voters. A s a result, they are w ell-

funded in som e years, but underfunded in m ost. This history of uneven and

irregular investm ent has delayed progress in areas that have the potential to

yield substantial gains over short periods of tim e.

D W R  presents this report as part of the process of updating the C alifornia

W ater P lan, and as part of the C alifornia R esources A gency's draft statew ide

C lim ate A daptation P lan. O verall, this report urges a new  approach to m anaging

C alifornia's w ater and other natural resources in the face of a changing clim ate.

Lester A. S now

D irector

IN T R O D U C T IO N

Adapt or perish,

now  as ever, is nature's

inexorable im perative.

-H . G. W ells

1

L005079




C liM A T E  C H A N G E  A D A P T A T IO N  ST R A T E G IE S  F O R  C A L IF O R N IA 'S W A T E R

Chinook salm on
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SU M M ARY

C lim ate change is already affecting C alifornia's w ater resources. B old steps

m ust be taken to reduce greenhouse gas em issions. H ow ever, even if em issions

ended today, the accum ulation of existing greenhouse gases w ill continue to

im pact clim ate for years to com e. W arm er tem peratures, altered patterns of

precipitation and runoff, and rising sea levels are increasingly com prom ising the

ability to effectively m anage w ater supplies, floods and other natural resources.

A dapting C alifornia's w ater m anagem ent system s in response to clim ate change

presents one of the m ost significant challenges of this century.

W hat w e know :

· H istoric hydrologic patterns can no longer be solely relied upon

to forecast the w ater future;

· P recipitation and runoff patterns are changing, increasing the

uncertainty for w ater supply and quality, flood m anagem ent,

and ecosystem  functions;

· S ignificant and ongoing investm ents m ust be m ade in m onitoring,

researching, and understanding the connection betw een a changing

clim ate, w ater resources and the environm ent;

· E xtrem e clim atic events w ill becom e m ore frequent, necessitating

im provem ents in flood protection, drought preparedness and

em ergency response;

· W ater and w astew ater m anagers and custom ers- businesses,

institutions, farm s, and individuals-can play a key role in w ater

and energy efficiency, the reduction of greenhouse gas em issions,

and the stew ardship of w ater and other natural resources;

· Im pacts and vulnerability w ill vary by region, as w ill the resources

available to respond to clim ate change, necessitating regional

solutions to adaptation rather than the proverbial one-size-fits-all

approach; and

· An array of adaptive w ater m anagem ent strategies, such as those outlined

in this W hite P aper, m ust be im plem ented to better address the risk and

uncertainty of changing clim ate patterns.
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California's w ater crisis

The history of w ater in C alifornia is one of conflict and perseverance.

C oncerns over the availability, quality and distribution of w ater are not new ,

but those concerns are grow ing. S olutions are becom ing m ore com plex as

w ater m anagers navigate com peting interests to reliably provide quality w ater

to farm s, businesses, and hom es, w hile m anaging floods, protecting the

environm ent, and com plying w ith legal and regulatory requirem ents.

C alifornia w ater m anagem ent includes an array of com plicated issues.

For exam ple, the S acram ento-S an Joaquin D elta, the hub of the state's w ater

supply and delivery system  and a crossroads of other critical infrastructure,

faces serious ecosystem  problem s and substantial seism ic risk that threaten

w ater supply reliability and quality. M any groundw ater basins suffer from

overdraft and pollution. The C olorado R iver, an im portant source of w ater for

S outhern C alifornia, has suffered an historic drought that has helped to highlight

the changing hydrology and its im pact on w ater supplies. Throughout C alifornia,

flood risk grow s as levees age and m ore people live and w ork in floodplains,

and changing clim ate yields higher flood flow s.

W hat's happened already?

W hile the exact conditions of future clim ate change rem ain uncertain, there is

no doubt about the changes that have already happened. A nalysis of paleoclim atic

data (such as tree-ring reconstructions of stream flow  and precipitation) indicates

a history of naturally and w idely varying hydrologic conditions in C alifornia and the

w est, including a pattern of recurring and extended droughts. The average early

spring snow pack in the S ierra N evada decreased by about 10 percent during the

last century, a loss of 1.5 m illion acre-feet of snow pack storage (one acre-foot of

w ater is enough for one to tw o fam iles for one year). D uring the sam e period,

sea level rose seven inches along C alifornia's coast. C alifornia's tem perature

has risen 1° F, m ostly at night and during the w inter, w ith higher elevations

experiencing the highest increase. A  disturbing pattern has also em erged in

flood patterns; peak natural flow s have increased on m any of the state's rivers

during the last 50 years. At the other extrem e, m any S outhern C alifornia cities

have experienced their low est recorded annual precipitation tw ice w ithin the

past decade. In a span of only tw o years, Los A ngeles experienced both its

driest and w ettest years on record.

SU M M A R Y

Bottom : Sacram ento R iver

Below : Snowpack on M t. W hitney
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TH E C H A LLEN G ES A H EA D

The trends of the last ce n tu ry- especially the increases in hydrological

variability- w ill likely intensify this century, and abrupt changes in clim ate

could also occur. The Intergovernm ental P anel on C lim ate C hange (IP C C )

notes that the w estern U nited S tates m ay be especially vulnerable to w ater

shortages. W hile the existing system  has som e capacity to cope w ith clim ate

variability, extrem e w eather events resulting in increased droughts and floods

w ill strain that capacity to m eet future needs. C alifornia has invested in, and

now  depends upon, a system  that relied on historical hydrology as a guide

R ising tem peratures affect

C alifornia's snow pack levels

to the future for w ater supply and flood protection. H ow ever, due to clim ate

change, the hydrology of the past is no longer a reliable guide to the future.

4

Loss of natural snow pack storage

O ne of the m ost critical im pacts for C alifornia w ater m anagem ent m ay be the

projected reduction in the S ierra N evada sn o w p a ck- C alifornia's largest surface

"reservoir." S now m elt currently provides an annual average of 15 m illion

acre-feet of w ater, slow ly released betw een A pril and July each year. M uch of

the state's w ater infrastructure w as designed to capture the slow  spring runoff

and deliver it during the drier sum m er and fall m onths. B ased upon historical

data and m odeling, D W R  projects that the S ierra snow pack w ill experience

a 25 to 40 percent reduction from  its historic average by 2050. C lim ate change

is also anticipated to bring w arm er storm s that result in less snow fall at low er

elevations, reducing the total snow pack.

H istorical and Future H ydrology

U se of historical hydrologic data has long been

the standard of practice for designing and operating

w ater supply and flood protection projects.

For exam ple, historical data are used for flood

forecasting m odels such as the N ational W eather

S ervice's R iver Forecast S ystem  M odel and to

forecast snow m elt runoff for w ater supply.

This m ethod of forecasting assum es clim ate

"stationarity" -th a t the clim ate of the future w ill

be sim ilar to that of the relatively brief period of

historical hydrologic record.

P aleoclim atology (w hich relies upon records from

ice sheets, tree rings, sedim ent, and rocks to

determ ine the past state of E arth's clim ate system ),

as w ell as other research revealing expected im pacts

of clim ate change, indicate that our traditional

hydrologic approach can no longer be solely relied

upon. That is, the hydrologic record cannot be used

to predict expected increases in frequency and

severity of extrem e events such as floods and

droughts. G oing forw ard, m odel calibration or

statistical relation developm ent m ust happen m ore

frequently, new  forecast-based tools m ust be

developed, and a standard of practice that explicitly

considers clim ate change m ust be adopted.
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Drought

W arm ing tem peratures, com bined w ith changes in rainfall and runoff patterns

w ill exacerbate the frequency and intensity of droughts. R egions that rely

heavily upon surface w ater (rivers, stream s, and lakes) could be particularly

affected as runoff becom es m ore variable, and m ore dem and is placed on

groundw ater. C om bined w ith urbanization expanding into w ildlands, clim ate

change w ill further stress the state's forests, m aking them  m ore vulnerable

to pests, disease and changes in species com position. A long w ith drier

soils, forests w ill experience m ore frequent and intense fires, resulting in

subsequent changes in vegetation, and eventually a reduction in the w ater

supply and storage capacity benefits of a healthy forest.

C lim ate change w ill also affect w ater dem and. W arm er tem peratures

w ill likely increase evapotranspiration rates and extend grow ing seasons,

thereby increasing the am ount of w ater that is needed for the irrigation of

m any crops, urban landscaping and environm ental w ater needs. R educed soil

m oisture and surface flow s w ill disproportionately affect the environm ent

and other w ater users that rely only on annual rainfall such as non-irrigated

agriculture, livestock grazing on non-irrigated rangeland and recreation.

Floods

The am ount of snow  is critical for w ater supply and environm ental needs, but so

is the tim ing of snow m elt runoff into rivers and stream s. R ising snow lines caused

by clim ate change w ill allow  m ore of the S ierra N evada w atersheds to contribute

to peak storm  runoff. H igh frequency flood events (e.g. 10-year floods)

in particular w ill likely increase w ith a changing clim ate. A long w ith reductions

in the am ount of the snow pack and accelerated snow m elt, scientists project

greater storm  intensity, resulting in m ore direct runoff and flooding. C hanges in

w atershed vegetation and soil m oisture conditions w ill likew ise change runoff

and recharge patterns. A s stream flow s and velocities change, erosion patterns

w ill also change, altering channel shapes and depths, possibly increasing

sedim entation behind dam s, and affecting habitat and w ater quality.

W ith potential increases in the frequency and intensity of w ildland fires due

to clim ate change, there is a potential for m ore floods follow ing fire, w hich

increase sedim ent loads and w ater quality im pacts.
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The C olorado R iver

C lim ate research in the

C olorado R iver basin has

show n that natural clim ate

variability alone has

resulted in droughts

far m ore severe than

those in the basin's

m easured historical record.

U nderstanding additional

im pacts of clim ate change

on the S outhw est's m ost

im portant river basin has

been a subject of ongoing

interest in the academ ic

com m unity. In addition

to im pacts on runoff,

anticipated w arm ing in

the arid S outhw est is also

expected to increase

w ater dem ands.
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For the purposes of federal flood insurance, the Federal E m ergency

M anagem ent A gency (FE M A ) has traditionally used the 100-year flood event,

w hich refers to the level of flood flow s that has a one-percent chance of being

exceeded in any single year. A s C alifornia's hydrology changes, w hat is currently

considered a 100-year flood m ay strike m ore often, leaving m any com m unities

at greater risk. M oreover, as peak flow s and precipitation change over tim e,

clim ate change calls into question assum ptions of "stationarity" that is used in

flood-related statistical analyses like the 100-year flood (see sidebar on page 4).

P lanners w ill need to factor a new  level of safety into the design, operation, and

regulation of flood protection facilities such as dam s, floodw ays, bypasses and

levees, as w ell as the design of local sew ers and storm  drains.

W ater quality

C hanges in the tim ing of river flow s and w arm ing atm ospheric tem peratures

m ay affect w ater quality and w ater uses in m any different w ays. A t one extrem e,

flood peaks m ay cause m ore erosion, resulting in turbidity and concentrated

pulses of pollutants. This w ill challenge w ater treatm ent plant operations to

produce safe drinking w ater. Flooding can also threaten the integrity of w ater

w orks infrastructure. A t the other extrem e, low er sum m er and fall flow s m ay

result in greater concentration of contam inants. These changes in stream flow

tim ing m ay require new  approaches to discharge perm itting and non-point

source pollution. W arm er w ater w ill distress m any fish species and could require

additional cold w ater reservoir releases. H igher w ater tem peratures can also

accelerate som e biological and chem ical processes, increasing grow th of algae

and m icroorganism s, the depletion of dissolved oxygen, and various im pacts to

w ater treatm ent processes. An increase in the frequency and intensity of w ildfires

w ill also affect w atersheds, vegetation, runoff and w ater quality.

Sea level rise

S ea levels are rising, and it is generally accepted that this trend w ill continue.

H ow ever, the exact rate of rise is unknow n, due to ongoing scientific uncertainty

about the m elting of ice sheets on w estern A ntarctica and G reenland and the

potential for abrupt changes in ocean conditions. R ecent peer-review ed studies

estim ate a rise of betw een seven to 55 inches by 2100 along C alifornia's coast.
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The im plications of a seven-inch rise are

dram atically different than a rate of rise

tow ards the upper end of the range. H ow ever,

even a rise at the low er end of this range poses

an increased risk of storm  surge and flooding for

C alifornia's coastal residents and infrastructure,

W inter storm  in southern Sierra Nevada

m ountain range

including m any of the state's w astew ater treatm ent plants. M oreover, sea level

rise can contribute to catastrophic levee failures in the D elta, w hich have great

potential to inundate com m unities, dam age infrastructure, and interrupt w ater

supplies throughout the state.

E ven w ithout levee failures, D elta w ater supplies and aquatic habitat w ill be

affected due to saltw ater intrusion. A n increase in the penetration of seaw ater

into the D elta w ill further degrade drinking and agricultural w ater quality and

alter ecosystem  conditions. M ore freshw ater releases from  upstream  reservoirs

w ill be required to repel the sea to m aintain salinity levels for m unicipal, industrial

and agricultural uses. A lternatively, changes in upstream  and in-D elta diversions,

exports from  the D elta, and im proved conveyance through or around the D elta

m ay be needed. S ea level rise m ay also affect drinking w ater supplies for coastal

com m unities due to the intrusion of seaw ater into overdrafted coastal aquifers.

Hydroelectric generation

C lim ate change w ill reduce the reliability of C alifornia's hydroelectricity

operations, w hich, according to the C alifornia C lim ate A ction R egistry and

the C alifornia A ir R esources B oard, is the state's largest source of greenhouse

gas em issions-free energy. C hanges in the tim ing of inflow s to reservoirs m ay

exceed generation capacity, forcing w ater releases over spillw ays and resulting

in lost opportunities to generate hydropow er. H igher snow  elevations, decreased

snow pack, and earlier m elting m ay result in less w ater available for clean pow er

generation during hot sum m er m onths, w hen energy dem and is highest. The

im pact is com pounded overall by anticipated increased energy consum ption due

to higher tem peratures and greater w ater dem ands in sum m er w hen less w ater

is available. The potential for lengthier droughts m ay also low er reservoir levels

below  that w hich is necessary for pow er generation.

T H E  C H A L L E N G E S  A H E A D

Therm alito D iversion Dam

Pow erplant

Dam  S afety

Im plem ented by D W R 's

D ivision of S afety of D am s

(D S O D ), C alifornia has one

of the m ost com prehensive

dam  safety program s in

the w orld.

P relim inary assessm ents

by D S O D  of how  clim ate

change m ay potentially

im pact dam  safety reveal

that increased safety

precautions m ay be

needed to adapt system s

to higher w inter runoff,

frequent fluctuation of w ater

levels, and the potential for

additional sedim ent and

debris from  drought-related

fires. A dditionally, clim ate

change w ill im pact the

ability of dam  operators

to estim ate extrem e

flood events.
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THE IM PERATIVE TO ACT

As understanding of clim ate

change im proves, the

challenge for C alifornia's

C alifornia w ater m anagem ent system s have provided the foundation for

the state's econom ic vitality for m ore than 100 years, providing w ater supply,

sanitation, electricity, recreation and flood protection.

water com m unity is to develop

and im plem ent strategies that

im prove resiliency, reduce risk,

and increase sustainability for

water and flood m anagem ent

system s and the ecosystem s

upon which they depend.

W ith the state's w ater resources already stressed, additional stress from

clim ate change w ill only intensify the com petition for clean, reliable w ater

supplies. W hile doing its part to reduce greenhouse gas em issions and expand

the use of clean energy sources, C alifornia's w ater com m unity m ust concentrate

on adaptation strategies to respond to the anticipated changes. The IP C C 's

Fourth A ssessm ent R eport (2007) states that adaptation "w ill be necessary to

address im pacts resulting from  the w arm ing w hich is already unavoidable due to

past em issions." A s understanding of clim ate change im proves, the challenge for

C alifornia's w ater com m unity is to develop and im plem ent strategies that im prove

resiliency, reduce risk, and increase sustainability for w ater and flood m anagem ent

system s and the ecosystem s upon w hich they depend.

8

G overnor Schwarzenegger signing the

G lobal W arm ing Solutions Act (AB 32) in 2006

M itigation Response

The m itigation response to clim ate change,

or the reduction of greenhouse gas em issions

that contribute to our changing clim ate, has

received m ore international attention to date than

adaptation. O n a global scale, greenhouse gas

em issions m ust be reduced to slow  the effects

of w arm ing and clim ate change. C alifornia is leading

the nation to enact m ajor greenhouse gas

reductions on an am bitious tim eline. In 2006,

G overnor A rnold S chw arzenegger and the

C alifornia Legislature enacted A ssem bly B ill (AB) 32 -

The G lobal W arm ing S olutions A ct. The law  requires

a statew ide cap on greenhouse gas em issions,

reductions in em issions from  m ajor sources, and

the developm ent of a m andatory reporting system

for these em issions.

W hile w ater generates m uch of the state's

electricity, according to the C alifornia E nergy

C om m ission (C EC ), w ater-related energy use in

C alifornia also consum es approxim ately 20 percent

of the state's electricity, and 30 percent of the state's

non-pow er plant natural gas (i.e. natural gas not used

to produce electricity). The C EC  also found that m ost

of the energy intensity of w ater use in C alifornia is in

the end uses by the custom er (e.g. heating, processing,

and pressurizing w ater). In fact, the C E C  states that

75 percent of the electricity and nearly all of the natural

gas use related to w ater in C alifornia is associated

w ith the end use of w ater, m ostly for w ater heating.

The G overnor's C lim ate A ction Team  is overseeing

the im plem entation of A B  32 including a m ulti-agency

W ater-E nergy subgroup tasked w ith the developm ent

of greenhouse gas m itigation strategies for energy

consum ption related to w ater use.
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Fortunately, there are m ultiple strategies that can help reduce the risks presented

by clim ate change. To be successful, these adaptation strategies m ust be w ell-

coordinated at the state, regional and local levels in order to m axim ize their effect.

N o single project or strategy can adequately address the challenges C alifornia

faces, and tradeoffs m ust be explicitly acknow ledged and decided upon. That said,

planning and investing now  in a com prehensive set of actions that inform s w ater

m anagers and provides system  diversity and resilience w ill help prepare

C alifornia for future clim ate uncertainty.

C0

2 

concentration, tem perature, and sea level

continue to rise long after em issions are reduced

M ag n itu d e of resp o n se

C 02 em issio n s p eak

0 to 100 years

Today 100 years 

T im e taken to reach equilibrium

1,000 years

S T R A T E G IE S

The Real M cCoy ferry

crossing Cache Slough,

carrying traffic just upstream

of Rio Vista

S ea-level rise due to

ice m elting: several m illenn ia

S ea-level rise due to

therm al expansion:

cen tu ries to m illenn ia

Tem perature stabilization:

a few  cen tu ries

C 0

2 

stabilization:

100 to 300 years

C 0

2 

em issio n s

S ource: Intergovernm ental P anel

on C lim ate C hange
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... clim ate change presents

an ongoing risk that requires

a long-term  com m itm ent

of funding that is properly

m atched to anticipated

expenditures, beneficiaries

and responsible parties.

10

A D A P TA TIO N  S TR A TE G IE S

The fo llo w in g  p ag es p resen t 10 clim ate ch an g e ad ap tatio n  strateg ies

fo r C alifo rn ia's w ater. The strateg ies fall u n d er fo u r m ajo r categ o ries:

In vestm en t, R eg io n al, S tatew id e a n d  Im p ro vin g  M an ag em en t a n d

D ecisio n -M akin g  C ap acity.

Investm ent S trategy

A daptive responses to clim ate change w ill not com e w ithout a cost. C lim ate

change m agnifies the problem s that exist w ith an aging w ater infrastructure and

grow ing population. W hile recent bond m easures have provided a dow n paym ent

for im proving C alifornia's w ater and flood system s, clim ate change presents an

ongoing risk that requires a long-term  com m itm ent of funding that is properly

m atched to anticipated expenditures, beneficiaries and responsible parties.

Strategy 1: Provide Sustainable Funding for Statew ide and Integrated

Regional W ater M anagem ent

· The S tate Legislature should initiate a form al assessm ent of state

and local financing m echanism s to provide a continuous and stable

source of revenue to sustain the program s described herein.

A ctivities in particular need of certainty and continuity in funding

include regional w ater planning, inspection, m aintenance, repair,

and rehabilitation of flood m anagem ent facilities, observational

netw orks and w ater-related clim ate change adaptation research.

Levee repair site on

Sacram ento R iver
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R eg io n al S trateg ies

C alifornia spans m ultiple clim ate zones ranging from  m ountain to coastal.

B ecause of this diversity, each region of the state w ill experience unique

im pacts from  clim ate change. For som e, w atershed health w ill be the chief

concern. O ther areas w ill be affected by saltw ater intrusion. R egions that

depend heavily upon w ater im ports w ill need strategies to cope w ith greater

uncertainty in supply. E conom ic and environm ental im pacts depend upon

location, so adaptation strategies m ust be regionally appropriate.

Strategy 2: Fully Develop the Potential of Integrated Regional W ater M anagem ent

Integrated R egional W ater M anagem ent (IR W M ) planning offers a fram ew ork

for w ater m anagers to address w ater-related challenges and provide for future

needs. O ver the past decade, C alifornia has

im proved its understanding of the value of

regional planning and m ade significant steps

to im plem ent IR W M . Form ally, IR W M  is a

com prehensive approach for determ ining

the appropriate m ix of w ater dem and and

supply m anagem ent options and w ater

quality actions. This approach provides

reliable w ater supplies at low est reasonable

cost and w ith highest benefits for econom ic

developm ent, environm ental quality and other

societal objectives. M oreover, if appropriately

Suspended irrigation system

developed and im plem ented, IR W M  p la n s-in  com bination w ith other regional

planning efforts for transportation and land u se -ca n  serve as the basis for

broader com m unity adaptation plans for clim ate change.

11
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IRW M  is a com prehensive

approach for determ ining the

appropriate m ix of water

dem and and supply m anagem ent

options and water quality

actions to provide reliable water

supplies at low est reasonable

cost and with highest benefits

for econom ic developm ent,

environm ental quality and

other societal objectives.

12

The state w ill encourage-through both financial and technical assistance-

IR W M  planning and im plem entation activities that adapt w ater m anagem ent

to a changing clim ate.

· B y 2011, aiiiR W M  plans should identify strategies that can im prove

the coordination of local groundw ater storage and banking w ith local

surface storage and other w ater supplies such as recycled m unicipal

w ater, surface runoff and floodflow s, urban runoff and storm w ater, im ported

w ater, w ater transfers, and desalinated groundw ater and seaw ater.

· B y 2011, aiiiR W M  plans should include specific elem ents to adapt

to a changing clim ate, including:

o An assessm ent of the region's vulnerability to the long-term

increased risk and uncertainty associated w ith clim ate change.

An integrated flood m anagem ent com ponent.

A  drought com ponent that assum es, until m ore accurate

inform ation is available, a 20 percent increase in the

frequency and duration of future dry conditions.

o A ggressive conservation and efficiency strategies.

o Integration w ith land use policies that:

- H elp restore natural processes in w atersheds to increase

infiltration, slow  runoff, im prove w ater quality and augm ent

the natural storage of w ater.

- E ncourage low -im pact developm ent that reduces w ater

dem and, captures and reuses storm w ater and urban

runoff, and increases w ater supply reliability.

o A  plan for entities w ithin a region to share w ater supplies

and infrastructure during em ergencies such as droughts.

· Large w ater and w astew ater utilities should conduct an assessm ent

of their carbon footprint and consider im plem entation of strategies

described in the draft A B  32 S coping P lan to reduce greenhouse gas

em issions. To take advantage of an existing fram ew ork and process

for calculating their carbon footprint, these utilities should join the

C lim ate A ction R egistry.
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Strategy 3: Aggressively Increase W ater Use Efficiency

U sing w ater efficiently is a foundational action for w ater m anagem ent, one

that serves to m itigate and adapt to clim ate change. W ater conservation reduces

w ater dem and, w astew ater discharges, and can reduce energy dem and and

greenhouse gas em issions. E fficient w ater use can help com m unities cope w ith

w ater shortages that m ay result from  clim ate change, thus reducing econom ic

and environm ental im pacts of w ater shortages. W ater use efficiency m ust be

a cornerstone of every w ater agency's w ater portfolio.

· A s directed by G overnor S chw arzenegger, D W R  in collaboration

w ith the W ater B oards, the C alifornia E nergy C om m ission (C EC ),

the C alifornia P ublic U tilities C om m ission, the C alifornia D epartm ent

of P ublic H ealth, and other agencies, are developing and w ill im plem ent

strategies to achieve a statew ide 20 percent reduction in per capita

w ater use by 2020.

o B y 2010, all U rban W ater M anagem ent P lans m ust include

provisions to fund and im plem ent all econom ic, feasible, and legal

urban best m anagem ent practices established by the C alifornia

U rban W ater C onservation C ouncil (C U W C C ) (see sidebar).

D rought tolerant landscaping

in Southern California

M odel W ater E fficient Landscape O rdinance

The W ater C onservation in Landscaping

A ct of 2006, A ssem bly B ill 1881, requires

D W R  to update the existing M odel W ater

E fficient Landscape O rdinance (m odel

ordinance) and adopt the m odel ordinance

by January 1, 2009. E ach local agency

is required to adopt either the updated

m odel ordinance or its ow n local landscape

ordinance that is at least as effective by

January 1, 2010. D W R  is developing the

updated m odel ordinance to reflect new

technology and advances in landscape

w ater m anagem ent and to increase

outdoor w ater conservation through

im proved landscape design, m anagem ent

and m aintenance. The ordinance provides

guidance to local agencies in developing

and adopting landscape ordinances

leading to w ater savings, w hich w ill reduce

w ater dem and, w aste and w ater-related

energy use.

S T R A T E G IE S

C onservation

Urban Best M anagem ent

Practices

In 1991, w ater suppliers

and environm ental

organization m em bers of

the C U W C C  reached

agreem ent on a series

of B est M anagem ent

P ractices (B M P s) that

define urban w ater

conservation m easures

and im plem entation levels.

The B M P s define required

actions or goals and are

now  w idely accepted as

the m inim um  level of

conservation effort for

m ost w ater suppliers in

C alifornia. The B M P s are

intended to reduce long-term

urban dem ands from  w hat

they w ould have been

w ithout im plem entation of

these practices.

The 14 B M P s include

residential ultra-low

flush toilet replacem ent

program s, conservation

pricing, large landscape

conservation, and high

efficiency clothes w asher

rebates.

The C U W C C  is currently

in the process of revising

and updating the B M P s.

M ore inform ation is at

w w w .cuw cc.org.
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C onservation

Agricultural Efficient W ater

M anagem ent Practices

In 1996, the A gricultural

W ater M anagem ent C ouncil

prepared a list of agricultural

w ater best m anagem ent

practices know n as

"E fficient W ater M anagem ent

P ractices" (E W M P s). The

E W M P s fall under three

m ajor categories: generally

applicable, conditionally

applicable and other, and

include the follow ing:

· preparation and

adoption of a w ater

m anagem ent plan

· pum p testing and evaluation

· canal and ditch lining

· im plem entation of tail-w ater

recovery system s

· use of real-tim e irrigation

scheduling and

evapotranspiration data

· beneficial use of

recycled w ater

· optim ization of

conjunctive use of ground

w ater and surface w ater

supplies

· incentivized pricing

A dditional inform ation and

the full list of the E W M P s

can be found online at

w w w .ag w aterco u n cil.o rg .

14

o A ll local governm ents are required by statute to adopt the S tate

M odel W ater E fficient Landscape O rdinance (M W E LO ) or

equivalent (see sidebar). B ecause the m odel ordinance only

addresses new  developm ent, local governm ents m ust pursue

conservation program s to reduce w ater use on existing landscapes.

o N otw ithstanding other w ater m anagem ent objectives, local and

regional w ater use efficiency program s-agricultural, residential,

com m ercial, industrial and institutional-should em phasize those

m easures that reduce both w ater and energy consum ption.

These agencies, in coordination w ith the rest of the W ater-E nergy

subgroup of the G overnor's C lim ate A ction Team  and the C U W C C ,

w ill develop urban w ater use efficiency recom m endations for

incorporation into the C alifornia W ater P lan U pdate 2009.

· A gricultural entities should apply all feasible E fficient W ater M anagem ent

P ractices (E W M P s) to reduce w ater dem and and im prove the quality of

drainage and return flow s, and report on im plem entation in their

w ater m anagem ent plans.

· R ecycled w ater is a drought-proof w ater m anagem ent strategy that

m ay also be an energy efficient option in som e regions.

o In those regions, w astew ater and w ater agencies should

collaboratively adopt policies and develop facility plans that

prom ote the use of recycled w ater for all appropriate,

cost-effective uses w hile protecting public health.

o In consultation w ith D W R  and the D epartm ent of P ublic H ealth,

the W ater B oards should identify opportunities to optim ize w ater

recycling consistent w ith existing perm itting authority.

The S tate W ater R esources C ontrol B oard (S W R C B ) and the C alifornia P ublic

U tilities C om m ission are authorized to im pose w ater conservation m easures

in perm itting and other proceedings to ensure attainm ent of these conservation

efforts. A dditionally, the Legislature should authorize and fund new  incentive-based

program s to prom ote the w idespread and m ainstream  adoption of aggressive

w ater conservation by urban and agricultural w ater system s and their users.
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How clim ate change

im pacts a w atershed

FL O O D S

An increase in extrem e

w eather w ill lead to

higher w inter river

flow s, ru noll

and flooding.

D R O U G H T

H igher tem peratures

and changes in

precipitation

w ill lead to

droughts.

Low er w ater tables due to

hydrologic changes and

greater dem and cause som e

shallow  w ells to go dry.

H Y D R O E L E C T R IC  P O W E R

C hanges in flow  decrease

clean pow er generation.

D em and for agriculture, urban and

environm ental w ater w ill increase.

S N O W P A C K

S ea level rise w ill

threaten D elta levees.

from  rising sea levels

w ill affect the D elta and

coastal aquifers.

R IV E R  F L O W

C hanges in river flow  im pacts

w ater supply, w ater quality,

fisheries, and recreation

activities.

W arm er river tem peratures

stress cold-w ater species

such as salm on.

15
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O roville Dam

Flood system s throughout the

state m ust be upgraded and

m anaged to accom m odate

the higher variability of flood

flows, to protect public safety,

the econom y and ecosystem s.

Liberty Island

16

S tatew id e S trateg ies

C alifornia has an unparalleled w ater infrastructure system  that stores and

conveys w ater, m anages flood flow s, and interconnects m any of the state's

regions. H ow ever, current w ater resources infrastructure is already strained

to m eet existing, com peting objectives for w ater supply, flood protection,

environm ental protection, w ater quality, hydropow er and recreation. In a

changing clim ate, the conflicts betw een com peting interests are even greater

as supplies becom e less reliable. T his system  of reservoirs, canals, flood

bypasses and levees m ust be m odified and m anaged differently to accom m odate

the increased variability brought by clim ate change. A s the prediction of clim ate

change im pacts w ill never be perfect, flexibility m ust be a fundam ental tactic,

especially regarding w ater system  operations.

Strategy 4: Practice and Prom ote Integrated Flood M anagem ent

M any C alifornians already face an unacceptable risk of flooding. C atastrophic

flooding w ithin the C entral V alley could m irror the econom ic, social and

environm ental dam ages caused by H urricane K atrina in 2005. M illions of

people in C alifornia's C entral V alley live behind or depend upon levees to

protect them , w ith populations in these regions continuing to grow . C lim ate

change w ill increase the state's flood risk by causing a shift tow ard m ore intense

w inter storm s w hich could produce higher peak flow s. Flood system s throughout

the state m ust be upgraded and m anaged to accom m odate the higher variability

of flood flow s, to protect public safety, the econom y and ecosystem s.

· Flood m anagem ent system s m ust better utilize natural floodplain

processes. Thus, flood m anagem ent should be integrated w ith

w atershed m anagem ent on open space, agricultural, w ildlife areas,

and other low  density lands to lessen flood peaks, reduce

sedim entation, tem porarily store floodw aters and recharge aquifers,

and restore environm ental flow s.
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S T R A T E G IE S
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W ater Year 

Data from  U.S. Arm y Corps of Engineers, Sacram ento D istrict

The five highest floods o f record on the A m erican R iver have occurred since 1950.

The im proved perform ance of existing w ater infrastructure cannot be achieved

by any single agency, and w ill require the explicit cooperation of m any agencies.

S ystem w ide operational coordination and cooperation m ust be stream lined to

respond to extrem e events that m ay result from  clim ate change. S uccessful

system  reoperation w ill require that the benefits and tradeoffs of such actions

are evident to federal and local partners.

· The state w ill establish a S ystem  R eoperation Task Force com prised

of state personnel, federal agency representatives and appropriate

stakeholders that w ill:

o Q uantify the potential costs and benefits and im pacts of

system  reoperation for w ater supply reliability, flood control,

hydropow er, w ater quality, fish passage, cold w ater

m anagem ent for fisheries and other ecosystem  needs;

17
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System  R eoperation

C alifornia's w ater resources

system  includes both

physical elem ents (such as

reservoirs, aquifers, rivers,

pum ping plants, and canals)

and non-physical elem ents

(such as operating rules,

land use practices, and

environm ental regulations).

The addition or rem oval of

a structural elem ent or a

change in a non-structural

elem ent often provides

opportunities to optim ize the

operational benefits of other

elem ents of the system .

The key to system

reoperation is to integrate

and connect individual

system  elem ents to illustrate

how  changes in use of one

elem ent can be balanced

by changes in the use of

other elem ents.

The largest challenge to

system  reoperation is that

individual system  elem ents

are often ow ned and

operated by independent

entities.

18

o S upport the update of U .S. A rm y C orps of E ngineers'

operations guidelines for C entral V alley reservoirs;

o S upport the update of flood frequency analyses on m ajor

rivers and stream s;

o E valuate the need to am end flow  objectives;

o E xpand the study of forecast-based operations for

incorporation into reservoir operations;

o Include w atershed level analyses that detail localized costs

and benefits; and

o Identify key institutional obstacles that lim it benefits.

· To coordinate C alifornia's w ater supply and flood m anagem ent

operations, state and federal agencies collaboratively established

the Joint O perations C enter (JO C ). To successfully m eet the challenges

posed by clim ate change, the JO C  capacity m ust be expanded to

im prove tools and observations to better support decision-m aking for

individual events and seasonal and interannual operations, including

w ater transfers. The JO C  should be enhanced to further im prove

com m unications and coordination during em ergencies, such as

floods and droughts.

· B y January 1, 2012, D W R  w ill collaboratively develop a C entral V alley

Flood P rotection P lan that includes actions to im prove integrated flood

m anagem ent and considers the expected im pacts of clim ate change.

The plan w ill provide strategies for greater flood protection and

environm ental resilience, including:

o E m ergency preparedness, response, evacuation

and recovery actions;

o O pportunities and incentives for expanding, or increasing the use

of floodw ay corridors to reduce stress on critical urban levees and

provide for habitat, open space, recreation and agricultural land

preservation;

o O ptions and recom m endations to provide at least

200-year level protection for all urban areas w ithin the

S acram ento-S an Joaquin V alley;
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o Increased use of setback levees, flood easem ents, zoning,

and land acquisitions to provide greater public safety,

floodplain storage, habitat and system  flexibility;

o Flood insurance requirem ents to address residual risk;

o E xtensive, grassroots public outreach and education; and

o The integration of flood m anagem ent w ith all aspects of w ater

resources m anagem ent and environm ental stew ardship.

· A ll at-risk com m unities should develop, adopt, practice and regularly

evaluate form al flood em ergency preparedness, response, evacuation

and recovery plans.

· Local governm ents should im plem ent land use policies that

decrease flood risk.

o Local land use agencies should update their G eneral P lans

to address increased flood risks posed by clim ate

change. G eneral P lans should consider an appropriate

risk tolerance and planning horizon for each locality.

o Local governm ents should site new  developm ent outside of

undeveloped floodplains unless the floodplain has at least a

sustainable, 200-year level of flood protection.

o Local governm ents should use low -im pact developm ent techniques

to infiltrate and store runoff.

o Local governm ents should include flood-resistant design

requirem ents in local building codes.

S T R A T E G IE S

A daptive C apacity

and R esilience

A d ap tive cap acity is

the ability of system s,

organizations, and

individuals to:

adjust to actual or

potential adverse

changes and events,

take advantage of

existing and em erging

opportunities that

support essential

functions or

relationships, and/or

cope w ith adverse

consequences, m itigate

dam ages, and recover

from  system  failures.

R esilience is the

capacity of a resource or

natural system  to return

to prior conditions after

a disturbance.

Levee break at Jones Tract
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Engineer reviews

flood data at DW R's

Joint O perations Center

California Conservation Corps

workers strengthen a levee

during a high water event

I

-v-J"'I

FloodS A FE  C alifornia is a m ulti-faceted, strategic initiative to im prove public safety through

integrated flood m anagem ent. P rim arily funded by P ropositions 1E and 84, the FloodS A FE

program  is a collaborative statew ide effort to accom plish the follow ing five broad goals:

R ed u ce the C h an ce o f F lo o d in g

R educe the frequency and size of floods that could dam age C alifornia com m unities,

hom es and property, and critical public infrastructure.

R educe the C onsequences o f Flooding

Take actions prior to flooding that w ill help reduce the adverse consequences of floods w hen

they do occur and allow  for quicker recovery after flooding.

S u stain  E co n o m ic G ro w th

P rovide continuing opportunities for prudent econom ic developm ent that supports robust regional

and statew ide econom ies w ithout creating additional flood risk.

P ro tect an d  E n h an ce E co system s

Im prove flood m anagem ent system s in w ays that protect, restore, and w here possible, enhance

ecosystem s and other public trust resources.

P ro m o te S u stain ab ility

Take actions that im prove com patibility w ith the natural environm ent and reduce the expected

costs to operate and m aintain flood m anagem ent system s into the future.

A dditional inform ation is available at w w w .w ater.ca.g o v/flo o d safe.
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Strategy 5: Enhance and Sustain Ecosystem s

R eliable w ater supplies and resilient flood

protection depend upon ecosystem  sustainability.

B uilding adaptive capacity for both public safety

and ecosystem s requires that w ater and flood

m anagem ent projects m aintain and enhance

biological diversity and natural ecosystem

processes. W ater supply and flood m anagem ent

Setback levee being constructed near Bear R iver

system s are significantly m ore sustainable and econom ical over tim e w hen they

preserve, enhance and restore ecosystem  functions, thereby creating integrated

system s that suffer less dam age from , and recover m ore quickly after, severe natural

disruptions. B y reducing existing, non-clim ate stressors on the environm ent,

ecosystem s w ill have m ore capacity to adapt to new  stressors and uncertainties

brought by clim ate change.

· W ater m anagem ent system s should protect and reestablish contiguous

habitat and m igration and m ovem ent corridors for plant and anim al

species related to rivers and riparian or w etland ecosystem s. IR W M  and

regional flood m anagem ent plans should incorporate corridor connectivity

and restoration of native aquatic and terrestrial habitats to support

increased biodiversity and resilience for adapting to a changing clim ate.

· Flood m anagem ent system s should seek to reestablish natural

hydrologic connectivity betw een rivers and their historic floodplains.

S etback levees and bypasses help to retain and slow ly release

floodw ater, facilitate groundw ater recharge, provide seasonal aquatic

habitat, support corridors of native riparian forests and create shaded

riverine and terrestrial habitats. C arbon sequestration w ithin large,

vegetated floodplain corridors m ay also assist the state in m eeting

greenhouse gas em issions reductions m andated by A B  32.

· The state should w ork w ith dam  ow ners and operators, federal resource

m anagem ent agencies, and other stakeholders to evaluate opportunities

to introduce or reintroduce anadrom ous fish to upper w atersheds.

R eestablishing anadrom ous fish, such as salm on, upstream  of dam s

m ay provide flexibility in providing cold w ater conditions dow nstream ,

and thereby help inform  system  reoperation. C andidate w atersheds

should have sufficient habitat to support spaw ning and rearing of

self-sustaining populations.

Sheep grazing in the Yolo Bypass,

west of Sacram ento
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· The state should identify and strategically prioritize for protection

lands at the boundaries of the S an Francisco B ay and

S acram ento-S an Joaquin D elta that w ill provide the habitat range

for tidal w etlands to adapt to sea level rise. S uch lands help

m aintain estuarine ecosystem  functions and create natural land

features that act as storm  buffers, protecting people and property

from  flood dam ages related to sea level rise and storm  surges.

· The state should prioritize and expand D elta island subsidence reversal

and land accretion projects to create equilibrium  betw een land and

estuary elevations along select D elta fringes and islands. S edim ent-soil

accretion is a cost-effective, natural process that can help sustain the

D elta ecosystem  and protect D elta com m unities from  inundation.

· The state should consider actions to protect, enhance and restore upper

w atershed forests and m eadow  system s that act as natural w ater and

snow  storage. This m easure not only im proves w ater supply reliability

and protects w ater quality, but also safeguards significant high

elevation habitats and m igratory corridors.

Left: Sacram ento-San Joaquin Delta,

with M ount Diablo in background

Below : Los Vaqueros R eservoir
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Strategy 6: Expand W ater Storage and Conjunctive M anagem ent of Surface

and G roundw ater Resources

S urface and groundw ater resources m ust be m anaged conjunctively to m eet

the challenges posed by clim ate change. A dditional w ater storage and conveyance

im provem ents are necessary to provide flexibility to facilitate w ater transfers

betw een regions and to provide better flood m anagem ent, w ater quality and

system  reliability, in response to daily and seasonal variations and uncertainties

in w ater supply and use.

H istorically, C alifornia has depended upon its groundw ater, particularly during

droughts. H ow ever, m any aquifers are contam inated and m ust be rem ediated

before they can be used as w ater banks. G roundw ater resources w ill not be

im m une to clim ate change; in fact, historic patterns of groundw ater recharge

m ay change considerably. C lim ate change m ay w orsen droughts, so m ore

efficient groundw ater basin m anagem ent w ill be necessary to avoid additional

overdraft, to take advantage of opportunities to store w ater underground and

elim inate existing overdraft.

B etter m anagem ent of surface storage reservoirs can also provide benefits

in a changing clim ate. A m ong the benefits are capturing higher peak flow s,

providing cold w ater releases for fish, repulsing seaw ater intrusion to protect

drinking w ater quality, generating clean hydroelectricity, and offsetting the loss of

snow pack storage w ith increased w ater storage.

· C alifornia m ust expand its available w ater storage including both

surface and groundw ater storage.

· D W R  w ill incorporate clim ate change considerations as it w orks

w ith the U .S. B ureau of R eclam ation (R eclam ation) and local

agencies to com plete surface storage feasibility studies and

environm ental docum entation for the S ites R eservoir and U pper

S an Joaquin R iver B asin S torage Investigations. D W R  w ill also m ake

clim ate change recom m endations as it w orks cooperatively w ith

C ontra C osta W ater D istrict on the Los V aqueros R eservoir E xpansion

Investigation, and D W R  w ill advise R eclam ation on clim ate change

m atters on the S hasta Lake W ater R esources Investigation.

S T R A T E G IE S

C onjunctive

M anagem ent

C onjunctive m anagem ent

of surface w ater and

groundw ater refers to

the joint and coordinated

m anagem ent of both

resources. S urface w ater

and groundw ater resources

typically differ significantly

in their availability,

quality, m anagem ent

needs, and developm ent

and use costs. M anaging

both resources together,

rather than in isolation from

one another, allow s w ater

m anagers to use the

advantages of both

resources for m axim um

benefit.

G roundw ater pum p
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· S tate, federal, and local agencies should develop conjunctive use

m anagem ent plans that integrate floodplain m anagem ent, groundw ater

banking and surface storage. S uch plans could help facilitate system

reoperation and provide a fram ew ork for the developm ent of local

projects that are beneficial across regions.

· Local agencies should develop and im plem ent A B  3030 G roundw ater

M anagem ent P lans as a fundam ental com ponent of IR W M  plans.

Local agencies m ust have such groundw ater m anagem ent plans to:

0 

E ffectively use aquifers as

w ater banks;

0 

P rotect and im prove w ater quality;

0 

P revent seaw ater intrusion of

coastal aquifers caused

by sea level rise;

0 

M onitor w ithdraw als and levels;

0 

C oordinate w ith other regional

planning efforts to identify and

pursue opportunities for

interregional conjunctive

m anagem ent;

0 

A vert otherw ise inevitable conflicts

in w ater supply; and

0 

P rovide for sustainable

groundw ater use.

· Local land use agencies should adopt

ordinances that protect the natural

functioning of groundw ater recharge areas.

Irrigation in C alifornia's Central Valley
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Strategy 7: Fix Delta W ater Supply, Q uality and Ecosystem  Conditions

The S acram ento-S an Joaquin D elta is a vital w ater supply for 25 m illion

C alifornians, a diverse and com plex ecosystem , hom e to m any com m unities

and ultim ately is a place unique to C alifornia. The D elta is not considered

sustainable under current m anagem ent efforts. W arm er tem peratures, sea level

rise and higher flood flow s brought by clim ate change threaten to further erode

the D elta's sustainability. The D elta V ision Task Force published its vision for the

D elta in D ecem ber 2007. In that vision, the Task Force described a future in

w hich the D elta w ill continue to thrive over the com ing generations, despite m ajor

challenges including clim ate change. The Task Force is w orking on a strategic

plan that w ill outline the recom m endations to realize the Task Force's vision.

In addition to the w ork of D elta V ision, there are three other m ajor public

processes also focusing on the D elta: the B ay-D elta C onservation P lan (B D C P ),

the D elta R isk M anagem ent S trategy (D R M S ) and the D elta R egional E cosystem

R estoration Im plem entation P lan (D R E R IP ) (see next page).

· S tate agencies and stakeholders should continue to support the w ork

of the D elta V ision Task Force, BD C P, D R M S , and D R ER IP, and

encourage the incorporation of adaptive responses to clim ate change

for the D elta in all four processes.

· B y June 2009, affected state agencies, led by D W R , w ill initiate a

coordinated effort to invest in the D elta ecosystem , w ater conveyance

im provem ents, flood protection and com m unity sustainability in order

to achieve a sustainable D elta.

S T R A T E G IE S

Canadian Geese in

Sacram ento-San Joaquin Delta
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Delta at sunset
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D elta Planning P rocesses and C lim ate C hange

S tate governm ent is currently involved in four

m ajor planning efforts to evaluate S acram ento-

S an Joaquin D elta ecosystem  and w ater supply

issues and to recom m end strategies and actions

for their im provem ent - the D elta V ision,

B ay-D elta C onservation P lan (B D C P ), D elta

R isk M anagem ent S trategy (D R M S ), and D elta

R egional E cosystem  R estoration Im plem entation

P lan (D R E R IP ). These efforts are com plem entary

but each process has a specific focus. A ll are

considering the im pacts of clim ate change on

the D elta as w ell as a num ber of response

strategies. Together, they should provide a set

of adaptive strategies and actions that are

com prehensive, consistent and build upon each

other to im prove the D elta ecosystem  and w ater

supply reliability.

The G overnor established D elta V ision in

2006 to develop a durable vision for sustainable

m anagem ent of the D elta. O ver the long term ,

the D elta V ision process aim s to restore and

m aintain functions and values that are determ ined

to be im portant to the environm ental quality of

the D elta and the econom ic and social w ell

being of the people of the state. In D ecem ber

2007, the D elta V ision Task Force published its

D elta V ision R eport com prised of 12 recom m en-

dations and in O ctober 2008, subm itted their

D elta S trategic P lan to the D elta V ision C abinet

C om m itee. The C abinet C om m itee w ill provide

specific recom m endations to the G overnor and

Legislature by the end of 2008. M ore inform ation

is available at w w w .d eltavisio n .ca.g o v.

The purpose of the B D C P  is to help recover

endangered and sensitive species and their

habitats in the D elta in a w ay that also provides

for sufficient and reliable w ater supplies. T he

B D C P  w ill (1) identify and im plem ent conservation

strategies to im prove the overall ecological

health of the D elta, (2) identify and im plem ent

ecologically friendly w ays to m ove fresh w ater

through and/or around the D elta, (3) address

toxic pollutants, invasive species and im pairm ents

to w ater quality, and (4) provide a fram ew ork to

im plem ent the plan over tim e. M ore inform ation

is available at w w w .reso u rces.ca.g o v/b d cp .

D R M S  is evaluating the risks from  D elta levee

failures and w ays to reduce those risks.

P relim inary evaluations by D R M S  show  that

the risks from  earthquakes and floods are

substantial and are expected to increase in the

future. In P hase 1, D R M S  evaluates the risk

and consequences to the D elta and statew ide

associated w ith the failure of D elta levees.

In P hase 2, D R M S  w ill evaluate strategies

and actions to reduce risks and consequences.

A dditional inform ation is available at

w w w .d rm s.w ater.ca.g o v.

The D R E R IP  is identifying restoration opportunities

w ithin the D elta and S uisun M arsh ecological

restoration zones. It applies the E cosystem

R estoration P rogram  C onservation S trategy to

the D elta, refines existing and develops new  D elta

restoration actions, and includes a conceptual

m odel, im plem entation guidance, program

tracking, perform ance evaluation, and adaptive

m anagem ent feedback. A dditional inform ation

at w w w .d elta.d fg .ca.g o v/erp d eltap lan .
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Im proving M anagem ent and D ecision-M aking C apacity

D eterm ining the im pacts of clim ate change on the varying regions of the

state requires that data about our environm ent be collected and analyzed in a

consistent and com prehensive w ay. A nalysis of past records, current conditions,

and trends can help provide a forecast for w eather, clim ate, supply, and flooding

variables. U nfortunately, sensors and gauges that m easure this inform ation, both

offshore and over land, are currently inadequate. S trategic investm ent is needed

in m easurem ent netw orks, data analysis and archiving, and forecast tools that

can support operational and policy decisions by users. A dditionally, funding m ust

be sustained in all of these areas to preserve the unbroken records that are vital

to understanding the im pacts of clim ate change.

Strategy 8: Preserve, Upgrade and Increase M onitoring, Data Analysis and M anagem ent

U ncertainty in the rate and m agnitude of long-term  clim ate change m ust be

reduced. A s one exam ple, there are currently large gaps in the hydrologic

observational netw ork (e.g. rain and snow  gauges) in the areas of C alifornia

m ost vulnerable to clim ate change. Im proved data analysis, and interpretation

supported by a robust m onitoring netw ork can help identify trends, provide for

better real-tim e system  m anagem ent, and evaluate and, if necessary, correct,

adaptation strategies.

· For data to be useful in clim ate m onitoring and clim ate change

detection, there m ust be better and m ore consistent m onitoring

of critical variables such as tem perature, precipitation, evapotranspiration,

w ind, snow  level, vegetative cover, soil m oisture and stream flow .

E xpanded m onitoring is especially needed at high elevations and in

w ilderness areas to observe and track changes occurring in the rain/

snow  transition zone, w hich is critical for projecting future w ater supply.

· S im ilarly, im proved observations of atm ospheric conditions are needed

to help define and better understand the m echanism s of the underlying

atm ospheric processes that lead to C alifornia's seasonal and geographic

distribution of precipitation. This w ill help clim ate m odelers to better

project future rain and snow  patterns on a regional scale.

· Inform ation on w ater use is currently lim ited and often unreliable.

A ccurate m easurem ent of w ater use can facilitate better w ater planning

and m anagem ent. B y 2009, D W R , the state and regional W ater B oards,

the D epartm ent of P ublic H ealth, and the C alifornia B ay-D elta A uthority

w ill com plete a feasibility study for a w ater use m easurem ent database

and reporting system .

S T R A T E G IE S

W estern G overnors'

A ssociation

In 2006, the W estern

G overnors' A ssociation

(W G A ) released its report

on W ater N eeds and

Strategies for a Sustainable

Future, w hich called for

m em ber states to take

specified actions to

incorporate consideration

of clim ate change into state

w ater m anagem ent. That

docum ent w as follow ed by

a 2008 W G A  N ext S teps

report w hich further

detailed recom m endations

to "change for the better

the w ay states and the

federal governm ent carry

out their respective respon-

sibilities regarding w ater

m anagem ent in the W est."

For m ore inform ation about

the im plem entation of the

reports' recom m endations

go to w w w .w estg o v.o rg .
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PIER

In 2003, the C alifornia

E nergy C om m ission

created the C alifornia

C lim ate C hange C enter

to im plem ent the

C om m ission's P ublic

Interest E nergy R esearch

(P IE R ) P rogram  long-term

clim ate change research

plan. The C enter is a virtual

research organization w ith

core research at the S cripps

Institute and com plem entary

research at other scientific

institutions in C alifornia.

O f particular interest to

the w ater com m unity are

studies from  the 2006 and

upcom ing 2008 B iennial

C lim ate S cience R eports

required by E xecutive O rder

S -3-05, signed by G overnor

S chw arzenegger on

June 1, 2005.

For m ore inform ation go

to w w w .clim atechang e.

ca.gov/research.
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Strategy 9: Plan for and Adapt to Sea Level Rise

O f the m any im pacts of clim ate change, sea level rise presents the m ost difficult

planning challenge because of the great uncertainty around ice sheet dynam ics,

and the resulting range of consequences. In addition, sea level rise depends

upon regional factors such as land m ovem ent (e.g. tectonic uplift) and atm ospheric

conditions. M uch of the S acram ento-S an Joaquin D elta consists of islands that

are below  sea level and protected by levees of varying stability. R ising sea levels

increase pressure on fragile levees and pose a threat to w ater quality. Local and

regional investm ents in coastal w ater and flood m anagem ent infrastructure, as

w ell as coastal and bay w etlands, beaches and parks, are also vulnerable to

rising seas.

· The state w ill establish an interim  range of sea level rise

projections for short-term  planning purposes for local, regional

and statew ide projects and activities.

· The R esources A gency, in coordination w ith D W R  and other state

agencies, should convene and support a scientific panel of the

N ational R esearch C ouncil (N R C ) to provide expert guidance

regarding long-range sea level rise estim ates and their

application to specific C alifornia planning issues.

· B ased upon guidance from  the N R C , D W R , in collaboration w ith

other state agencies, w ill develop long-range sea level rise

scenarios and response strategies to be included in the C alifornia

W ater P lan U pdate 2013.
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Strategy 10: Identify and Fund Focused Clim ate Change Im pacts

and Adaptation Research and Analysis

D eveloping m ore focused research can help narrow  the range of uncertainty

in clim ate change, w ith a concentration on the vulnerability of w ater and other

natural resources. This research w ill assist in planning for new  projects,

m anagem ent activities and policies.

· In association w ith research institutions such as the R egional Integrated

S ciences and A ssessm ent centers, Law rence Liverm ore and B erkeley

N ational Laboratories, and the U niversity of C alifornia, state agencies

should identify focused research needs to provide guidance on activities

to reduce C alifornia's vulnerability to clim ate change. The state should

also explore partnerships w ith the federal governm ent, other w estern

states, and research institutions on clim ate change adaptation.

· S ince som e uncertainty w ill alw ays exist, the state's w ater supply

and flood m anagem ent agencies need to perform  sensitivity analyses

of prelim inary planning studies, and risk-based analyses for m ore

advanced planning studies. A s noted earlier, until better inform ation

becom es available, local agencies should plan for droughts 20 percent

m ore severe than historic droughts. For flooding, sensitivity and risk-based

analyses should consider an appropriate risk tolerance and planning

horizon for each individual situation. S election of clim ate change

scenarios for these analyses can be guided by recom m endations of

the G overnor's C lim ate A ction Team .

· The state should sponsor science-based, w atershed adaptation

research pilot projects to address w ater m anagem ent and ecosystem

needs. Funding for pilot projects should only be granted in those regions

that have adopted IR W M  plans that m eet D W R 's plan standards and

have broad stakeholder support.

· A s part of the C alifornia W ater P lan U pdate process, every five years

D W R  w ill provide revised estim ates of changes to sea level, droughts,

and flooding that can be expected over the follow ing 25 years.

S T R A T E G IE S

State Capitol, Sacram ento
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N E X T STEPS

C A LIFO R N IA  W A TER  PLA N  U PD A TE 2 0 0 9

C alifornia W ater P lan U pdate 2009 builds upon U pdate 2005; a strategic plan

for m anaging C alifornia's w ater that prom otes Integrated R egional W ater

M anagem ent and im proved statew ide w ater m anagem ent system s. The U pdate

2009 collaborative process has at its center a steering com m ittee of 20 state

agencies w ith jurisdictions over C alifornia w ater issues. The im proved

interagency coordination provides a robust statew ide perspective and the

inclusion of state com panion plans helps inform  an added em phasis on clim ate

change, w ater quality, and integrated flood m anagem ent. U pdate 2009 is

specifically advised by a C lim ate C hange Technical A dvisory G roup com posed

of scientists and engineers w ith clim ate change expertise.

Find out m ore at w w w .w aterp lan .w ater.ca.g o v.

C A LIFO R N IA  C LIM A TE  A D A P TA TIO N  STR A TEG Y

B uilding upon the recom m endations and strategies set forth in this docum ent,

the C alifornia R esources A gency is coordinating the developm ent of a statew ide,

cross-sector C lim ate A daptation S trategy (C AS). The C A S  w ill synthesize the

m ost up-to-date inform ation on expected clim ate change im pacts to C alifornia,

provide prelim inary strategies to reduce the state's vulnerability to these im pacts

and develop plans for short and long-term  actions.

For m ore inform ation please go to w w w .clim atech an g e.ca.g o v/ad ap tatio n .
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There are several foundational reports and processes that guide the

developm ent of clim ate change responses.

Intergovernm ental P anel on C lim ate C hange,

F ourth A ssessm ent R eport (2007)

C alifornia W ater P lan U pdate 2005 and the draft U pdate 2009, including

R egional W ater Q uality C ontrol P lans (B asin P lans), D W R  a n d  S W R C B

P roceedings o f the C lim ate C hange R esearch N eeds W orkshop,

W estern S tates W ater C ouncil (2007)

P ublic Interest E nergy R esearch P rogram , C alifornia E nergy C om m ission

B iennial R eport, G overnor's C lim ate A ction Team  (2006)

P rogress on Incorporating C lim ate C hange into M anagem ent

o f C alifornia's W ater R esources, D W R  (2006)

D raft F loodS A F E  S trategic P lan, D W R  (2008)

D raft D elta V ision B lue R ibbon Task F orce S trategic P lan (2008)

W ater N eeds a n d  S trategies for a S ustainable Future,
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