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= Maximum Possibie SWP Table A Dellvery (4,172 thousand acra-feet)
Long-term (%0-year period) Average (2,226 thousand acre-feef)

Noto: The differences in historical defiveriss from the State Water Project Delivery Reiiability Report 2011 are
dus to reclassification of the various components of water delivered to SWP conireciors.

Figure 2-3. Historical Deliveries ¢f SWP Table A Water, 2003-2012
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Note: The differences in historical deliveries from the State Water Project Deliveiy Refiability Report 2011 are
due to reclassification of the various components of waler delivered to SWP contractors.

Figure 2-4. Total Historical SWP Defiveries, 2003-2012 {by Delivery Type)
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Dry-Year Deliveries of SWP Table A Water
under Future Conditions

Table 6-3 and Figure 6-3 present estimates of
future SWP Table A water deliveries during
possible drought conditions and compare these
estimates with the corresponding delivery
estimates calculated for the 2011 Report.
Drought scenarios for future conditions are
analyzed using the historical drought-period
precipitation and runoff patterns from 1922-
2003 as a reference, while accounting for future
conditions (e.g,, land use, climate change).

The results of modeling future conditions under
potential drought-year scenarios provide an
estimated range of Table A deliveries that can be
expected during drought periods.

The 2-year drought period (1976-1977) shows
significantly lower Table A deliveries in the 2013
Report than in the 2011 Report (see Figure 6-3),
because of modeling refinements (see the
technical addendum at

htip. /bavdeltaoffice water cagow) and
reclassification of 1975 into a wet year rather than
an above-normal year, as was used in the 2011
Report (due to the change in the assumed climate
change model). Because 1975 is now considered a
‘wet year in this 2013 Report’s model, there are
higher fall X2 requirements to meet and more
Delta outflow is required in September. This
leads to Jower reservoir levels at the start of the
new water year and smaller deliveries during the

upcoming 2-year dry period.

2:Year Drought | 4-Yeer Drougnt | t [ 6-Yoar Drougnt
(1976-1877) | (1831-1934) | (1687-1992) | (1920-1934)
2011 Report 1457 | 35% | 1,401 | 34% | 1,226 | 30% | 1,365 | 33%
2018 Report | 2,400 | 58% | 453 | 11% | 978 | 24% | 1,263 | 31% | 1.055 | 26% 1,261 | 30%
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Figure 6-3. Estimated Dry-Period SWP Table A Water Deliveries {Future Conditions}
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Title THE CALIFORNIA WATER RESOURCES DEVELOPMENT BOND ACT
Year/Election 1960 general

Proposition bond (lcg)

type

Popular vote Yes: 3,008,328 {51.5%); No: 2,834,384 (48.5%)

Pass/Faiil Pass

Summary This act provides for a bond issue of one billion, seven hundred fifty million
dollars ($1,750,000,000) to be used by the Department of Water Resources for the
development of the water resources of the State.

For Argument in Favor of California Water Resources Development Bond Act

Your vote on this measure will decide whether California will continue to prosper.

This Act, if approved, will launch the statewide water development pro
which wirllrmeet present and future demands of all areas of Californis. I’TE

ecl revenues ae sale of watler snd pow er words. it wili nay
fo7 iczelf |The bonds will be used over a period of many years and will involve an
approximate annual expenditure averaging only $75 million, as compared, for example
with $600 million a year we spend on highways.

- Existing facilities for fumishing water for California‘s needs will soon be
exhausted becsuse of our rapid population growth and industria! and agricultural
expansion. We now face a further critical loss in the Colorado River sapply. Without the
projects made possible by this Act, we face a major water crisis. We can stand no more
delay.

If we fail to act now to provide new souirces of water, land development in the
great San Joaquin Valley will slow to a halt by 1965 and the return of cultivated areas o
wasteland will begin. In southern California, the existing sources of water which have
nourished its tremendous expansion will reach capacity by 1970 and further
development must wholly cease. In northern California desperately needed flood control
and water supplies for many local areas will be denied.

This Act will assure construction funds for new water develonment facilities to

meet California's requirements now and in the ﬁmme.!ﬁo area will E deprived of water

T IEST Uhe needs of anciher. INor will any area be asked 1o pay ior water deliversg o
apother, i

To meet questions which concemed, southern California, the bonds will finance
completion of all facilities needed, as described in the Act. Contracts for delivery of
water may not be altered by the Legislature. The tap will be open, and no amount of
political maneuvering can shut it off.

Under this Act the water righis of northern California will remain securely
protected. In addition, sufficieni money is provided for construction of local projects o
meet the pressing needs for ficod control, recreation A i north.

A much needed drainage sysiem and water supply will be provided in the San
Joaquin Valley.

Construction here authorized will provide thousands of jobs. And the program will
nourish tremendous industrial and farm and urban expansion which will develop an
ever-growing source of employment and economic prosperity for Califomians.

Our Legislature has appropriated millions of dollars for work in preparation, and
construction is now underway. It would be tragic if this impressive start toward solution
of cur water problems were now abandoned.

If we fail to act now to insure completion of this constructive program, serious
existing water shortages will only get worse. The success of our State is at stake. Vote

“Yes" for water for people. for progress, for prosperity!
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PUBLIC LAW 86.488—-JUNE 3, 1960 [7a BraT.

Public l.aw 86-488
AN ACT
Ta authurize tha Secretary of the Interlor to construct the 8an Luls ualt of the

Central Vulley profect, California, to enter into an apreement with the State
of California with respect to the construction and operation of such unit, and

for other purposes.

HBe it enacted by the Senate and Ilouse of Representatives of the
United States of America in Congress asscmbled, That (a) for the
principal purpose of furnishing water for the irigation of approxi-
mmately five hundred thousand acres of land in Merced, Fresno, and
Kings Counties, California, hereinafter referred to ns the Federal
Sun Luis unit_service area, and as incidents thereto of furnishing
water for municipal and domestic use and providing recreation and
fish and wildlife benefits, the ecretary of the Interior (hereinafter
referred to as the Secretary) is authorized to construet, operate, and
maintain the San Luis unit as an integral part of the Central Valley
project.  The principal engineering lk.-amres of said nnit shall be a
dmum nad reservoir at or near the San Luis site, a forebay and afterbay,
the San Luis Cannl, the Pleasant Valley Canal, and necessa: pump-
ing plants, distribution systems, drain: channels, levees, fi works,
und related facilities, but no facilities shall be constructed for electric
transmission or distribution service which the Secretary determines,
on the basis of an offer of a firm fifty-yenr contract from a local public
or private agencgg, can through such contract be obtained at less cost
to the Federnl Government than by construction and operation of
Government facilities. The works (hereinanfter referred to ns joint-
use facilities) for joint use with the State of California (hereinafter
referred to as the State) shall be the dam and reservoir at. or near the
San Luis site, forebay and afterbay, pumping plants, and the San Luis
Cannl. The joint-use facilities consisting of the dam and reservoir
shall be constructed, and other joint-use frcilities may be constructed,
50 us to permit future expansion; or the joint-use facilities shall be
coustructed initially to the eapacities necessary to serve both the
Federal San Luis unit service area and the State’s service aren, as
hereinafter provided. In constructinf., operating, nnd maintainin
the San Luis unit, the Secretary shall be governed by the Federa
reclamation laws (Act of June 17, 1002 (32 Stat. 3g8), and Acts
amendatory thereof or supplementary thereto). Construction of the
San Luis unit shall not be commenced until the Secretary has (1)
secured, or has satisfactory assurance of his ability to secure, all rights
to the nse of water which are necessary to carry ont the purposes of
the unit and the terms »nd conditions of this Act, and (’.‘3) received

‘satisfactory nssurance from the State of California that it will make

provision for a master drainage outlet and disposal channel for the
San Joaquin Valley, as generally outlined in the Californin water
plan, Bulletin N umbered 3, of the Califcrnia Department of Water
Resources, which will adequntely serve, by connection therewith, the
drainage system for the San Luis unit or has made provision for
constructing the San Lnis interceptor drain to the delta designed to
meet the drainage requirements of the San Luis unit as generally out-
lined in the report of the Department of the Interior, entitled “San
Luis TUnit, Central Valley Project,” dated December 17, 19586.

(b) No water provided b{ the Federal San Luis unit shall be
delivered in the Federal San Luis service area to any water user for
the production on newly irrigated lands of any basic agricultural
commodity, as defined in the Africultural Act of 1949, or any amend-
ment thereof, if the total supply of such commodity as estimated b
the Secretary of Agriculture for the marketing year in which the bu
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PL 99-546, October 27, 1986, 100 Stat 3050

UNITED STATES PUBLIC LAWS
99th Congress - Second Session
Convening January 21, 1986
Copr. ® West Group 1998. No Claim to Orig. U.S. Govt. Works

DATA SUPPLIED BY THE U.S. DEPARTMENT OF JUSTICE. (SEE SCOPE)
Additions and Deletions are not identified in this document.

PL 99-546 (HR 3113)
October 27, 1986

An Act to implement the Coordinated Operations Agreement, the Suisun Marsh Preservation
Agreement, and to amend the Small Reclamation Projects Act of 1956, as amended, and for other

purposes.

Be it enacted by the Senate and House of Representatives of the United States
of America in Congress assembled,

TITLE I -- COORDINATED OPERATIONS
PROJECT OPERATION POLICY

SEC. 101. Section 2 of the Act of August 26, 1937 (50 Stat. 850) is amended by --

(a) inserting at the beginning "(a)"; and
(b) inserting the following new subsection:
"(b)(1) Unless the Secretary of the Interior determines that operation of the Central Valley project in
conformity with State water quality standards for the San Francisco Bay/Sacramento-San Joaquin
Deita and Estuary is not consistent with the congressional directives applicable to the project, the
Secretary is authorized and directed to operate the project, in conjunction with the State of California
water project, in conformity with such standards. Should the Secretary of the Interior so determine,
then the Secretary shall promptly request the Attorney General to bring an action in the court of
proper jurisdiction for the purposes of determining the applicability of such standards to the project.
"(2) The Secretary is further directed to operate the Central Valley project, in conjunction with the
State water project, so that water supplied at the intake of the Contra Costa Canal is of a quality
equal to the water quality standards contained in the Water Right Decision 1485 of the State of
California Water Resources Control Board, dated August 16, 1978, except under drought emergency
water conditions pursuant to a declaration by the Governor of California. Nothing in the previous
sentence shall authorize or require the relocation of the Contra Costa Canal intake.".
REIMBURSABLE COSTS

SEC. 102. Section 2 of the Act of August 26, 1937 (50 Stat. 850) is amended by inserting the
following new subsection:

"(c)(1) The costs associated with providing Central Valley project water supplies for the purpose of
salinity control and for complying with State water quality standards identified in exhibit A of the
'Agreement Between the United States of America and the Department of Water Resources of the
State of California for Coordinated Operation of the Central Valley Project and the State Water Project’
dated May 20, 1985, shall be aliocated among the project purposes and shall be reimbursed in
accordance with existing Reclamation law and policy. The costs of providing water for salinity control
and for complying with State water quality standards above those standards identified in the previous
sentence shall be nonreimbursable.
"(2) The Secretary of the Interior is authorized and directed to undertake a cost allocation study of
the Central Valley project, including the provisions of this Act, and to implement such allocations no
later than January 1, 1988.".

COORDINATED OPERATIONS AGREEMENT

Exhibit “H”
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'PL 99-546, 1986 HR 3113 Page 2 of 6

SEC. 103. Section 2 of the Act of August 26, 1937 (50 Stat. 850) is amended by inserting the
following new subsection:

"(d) The Secretary of the Interior is authorized and directed to execute and implement the 'Agreement
Between the United States of America and the Department of Water Resources of the State of
California for Coordinated Operation of the Central Valley Project and the State Water Project' dated
May 20, 1985: Provided, That --
"(1) the contract with the State of California referred to in subarticle 10(h)(1) of the agreement
referred to in this subsection for the conveyance and purchase of Central Valley project water shall
become final only after an Act of Congress approving the execution of the contract by the Secretary of
the Interior; and
"(2) the termination provisions of the agreement referred to in this subsection may only be exercised
if the Secretary of the Interior or the State of California submits a report to Congress and sixty
calendar days have elapsed (which sixty days, however, shall not include days on which either the
House of Representatives or the Senate is not in session because of an adjournment of more than
three days to a day certain) from the date on which said report has been submitted to the Speaker of
the House of Representatives and the President of the Senate for reference to the Committee on -
Interior and Insular Affairs of the House of Representatives and the Committee on Energy and Natural
Resources of the Senate. The report must outline the reasons for terminating the agreement and, in
the case of the report by the Secretary of the Interior, include the views of the Administrator of the
Environmental Protection Agency and the Governor of the State of California on the Secretary's
decision.”.

REFUGE WATER SUPPLY INVESTIGATION

SEC. 104. The Secretary of the Interior shall not contract for the delivery of more than 75 percent of
the firm annual yield of the Central Valley project not currently committed under long-term contracts
until one year after the Secretary has transmitted to the Congress a feasibility report, together with

his recommendations, on the "Refuge Water Supply Investigations, Central Valley Basin, California.".

ADJUSTMENT OF RATES AND ABILITY TO PAY

SEC. 105. The Secretary of the Interior shall include in all new or amended contracts for the delivery
of water from the Central Valley project a provision providing for the automatic adjustment of rates by
the Secretary of the Interior if it is found that the rate in effect may not be adequate to recover the
appropriate share of the existing Federal investment in the project by the year 2030. The contracts
shall also include a provision authorizing the Secretary of the Interior to adjust determinations of
ability to pay every five years.

OPERATION AND MAINTENANCE DEFICITS

SEC. 106. The Secretary of the Interior shali include in each new or amended contract for the delivery
of water from the Central Valley project provisions ensuring that any annual deficit (outstanding or
hereafter arising) incurred by a Central Valley project water contractor in the payment of operation
and maintenance costs of the Central Valley project is repaid by such contractor under the terms of
such new or amended contract, together with interest on any such deficit which arises on or after
October 1, 1985, at a rate equal to the average market yields on outstanding marketable obligations
of the United States with remaining periods to maturity comparable to the applicable reimbursement
period of the project, adjusted to the nearest one-eighth of 1 percent.

TITLE II -- SUISUN MARSH PRESERVATION AGREEMENT
AUTHORITY TO ENTER AGREEMENT

SEC. 201. The Secretary of the Interior is authorized to execute and implement the agreement
between the Department of the Interior, the State of California and the Suisun Resources
Conservation District (dated November 1, 1985).

COST-SHARING PROVISIONS

http://web2.westlaw.com/result/documenttext.aspx?n=1&sv=Full&fn= ton&cfid=1&cite=US... 2/8/05



PUBLIC LAW 108-361—OCT. 25, 2004 118 STAT. 1687

(iii) evaluation of lower Mokelumne River floodway
improvements.

(C) INTERTIES.—Activities under this subparagraph
consist of—

(i) evaluation and construction of an intertie
between the State Water Project California Aqueduct
and the Central Valley Project Delta Mendota Canal,
near the City of Tracy, as an operation and mainte-
nance activity, except that the Secretary shall design
and construct the intertie in a manner consistent with
a possible future expansion of the intertie capacity
(as described in subsection (f)( 1)XB)); and

(i) assessment of a conmnection of the Central
Valley Project to the Clifton Court Forebay of the State
Water Project, with a corresponding increase in the
screened intake of the Forebay.

(D) PROGRAM TO MEET STANDARDS.—

(i) IN GENERAL.—Prior to increasing export limits Deadlize.
from the Delta for the purposes of conveying water
to south-of-Delta Central Valley Project contractors or
increasing deliveries through an intertie, the Secretary
shall, not later than 1 year after the date of enactment
of this Act, in consultation with the Governor, develop
and initiate implementation of a pProgram te meet all
existing water quality standards and objectives for
which the Central Valley Project has responsibility.

(i) MEASURES.—In developing and implementing
the program, the Secretary shall include, to the max.
imum extent feasible, the measures described in
clauses (iii) through (vii),

(ili) RECIRCULATION PROGRAM.—The Secretary
shall incorporate into the program a recirculation pro-
gram to provide flow, reduce salinity concentrations
in the San Joaquin River, and reduce the reliance
on the New Melones Reservoir for meeting water
quality and fishery flow objectives through the use
of excess capacity in export pumping and conveyance
facilities.

(iv) BEST MANAGEMENT PRACTICES PLAN.—

(I) IN GENERAL.—The Secretary shall develop
and implement, in coordination with the State’s
programs to improve water quality in the San
Joaquin River, a best management practices plan
to reduce the water quality impacts of the dis-
charges from wildlife refuges that receive water
from the Federal Government and discharge salt
or other constituents into the San Joaquin River.

(II) COORDINATION WITH INTERESTED PAR-
TIES.—The plan shall be developed in coordination
with interested parties in the San doaquin Valley
and the Delta.

(III) COORDINATION WITH ENTITIES THAT DIS-
CHARGE WATER.—The Secretary shall also coordi-
nate activities under this clause with other entities
that discharge water into the San Joaquin River
to reduce salinity concentrations discharged into
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118 STAT. 1688

Applicability.

PUBLIC LAW 108-361—OCT. 25, 2004

the River, including the timing of discharges to

optimize their assimilation.

(v) ACQUISITION OF WATER.—The Secretary shall
incorporate into the program the acquisition from
willing sellers of water from streams tributary to the
San Joaquin River or other sources to provide flow,
dilute discharges of salt or other constituents, and
to improve water quality in the San Joaquin River
below the confluence of the Merced and San Joaquin
Rivers, and to reduce the reliance on New Melones
Reservoir for meeting water quality and fishery flow
objectives.

(vi) PURPOSE.—The purpose of the authority and
direction provided to the Secretary under this subpara-
graph is to provide greater flexibility in meeting the
existing water quality standards and objectives for
which the Central Valley Project has responsibility
50 as to reduce the demand on water from New Melones
Reservoir used for that purpose and to assist the Sec-
retary in meeting any obhgations to Central Valley
Project contractors from the New Melones Project.

(vii) UPDATING OF NEW MELONES OPERATING
PLAN.—The Secretary shall update the New Melones
operating plan to take into account, among other
things, the actions described in this title that are
designed to reduce the reliance on New Melones Res-
ervoir for meeting water quality and fishery flow objec-
tives, and to ensure that actions to enhance fisheries
in the Stanislaus River are based on the best available
science.

(3) WATER USE EFFICIENCY.—

(A) WATER CONSERVATION PROJECTS.—Activities under
this paragraph include water conservation projects that
provide water supﬂly reliability, water quality, and eco-
system benefits to the California Bay-Delta system.

(B) TECHNICAL ASSISTANCE.—Activities under this
paragraph include technical assistance for urban and agri-
cultural water conservation projects.

(C) WATER RECYCLING AND DESALINATION PROJECTS.—
Activities under this paragraph include water recycling
and desalination projects, including groundwater remedi.
ation projects and projects identified in the Bay Area Water
Plan and the Southern California Comprehensive Water
Reclamation and Reuse Study and other projects, giving
priority to projects that include regional solutions to benefit
regional water supply and reliability needs.

(D) WATER MEASUREMENT AND TRANSFER ACTIONS.—
Activities under this paragraph include water measurement
and transfer actions.

(E) URBAN WATER CONSERVATION.—Activities under
this paragraph include implementation of best management
practices for urban water conservation,

(F) RECLAMATION AND RECYCLING PROJECTS.—

(i) PROJECTS.—This sub aragraph applies to—

(I) projects identified in the Southern Cali-
fornia Comprehensive Water Reclamation and

Reuse Study, dated April 2001 and authorized by
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Figure 2. Estimated yearly natural production and in-river escapement of adult fall-run Chinook salmon in the Ccntml Valley rivers and
streams. 1952 - 1966 and 1992 - 2011 numbers are from CDFG Grand Tab (Apr 24, 2012). 1967-1991 Baseline Period numbers
are from Mills and Fisher (CDFG, 1994).
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Estimated number of adult winter-run Chincok
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Figure 4. Estimated yearly adult natural production, and in river adult escapements of winter-run Chinook salmon in the Central Valley
rivers and streams. 1992 - 2011 numbers are from CDFG Grand Tab (Apr 24, 2012). 1967-1991 Baseline Period numbers
are from Mills and Fisher (CDFG, 1994),
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Jeff Opperman
Final Report for Fellowship R/SF-4

My CALFED fellowship (R/SF-4) had three primary research areas: (1) how native fish
use California floodplains; (2) developing a method to identify and quantify s particular
type of floodplain in the Sacramento Valley; and (3) a white paper for CALFED that
reviews, summarizes, and synthesizes research on floodplains generally, and Central
Valley floodplains specifically.

1. Native fish and
Fwthisrmmohlcoﬂabom“dthaneﬂiegamcsmdenthCDavis(this

Juvenile salmon were obtained from a hatchery on the Mokelumne River and placed in
enclosures within the Cosumnes River and floodplain (_tm @sh per enclosure). For two

floodplain and the river channel below the floodplain.

'I‘heﬁshwetemmsuredatoneweekintavals, althoughmeasuremcmﬁequency declined
during large flood events that made access difficult. In 2004 fish were measured three

analysis.

In general, fish had faster growth rates in floodplain habitats than in the river, During
periods of low, clear water, fish growth rates in the river site above the floodplain were
comparable to those in the flocdplain. However, during higher flows, with more turbid
water, growth in the river above the floodplain was significantly lower than on the
floodplain. Fish in the river below the floodplain, which was representstive of intertidal
delta habitat, were consistently low.

The main channel of the Cosumnes River, like those of many Central Valley rivers, is
incised and lacks complexity. There are few side channels, backwaters, or accessible
floodplain habitats (other than the Cosumnes Preserve). Thus, juvenile fish will tend to
be displaced downstream during high flow events. In the Cosumnes, juvenile fish will be
flushed downstream to either the intertidal delts or the floodplain, Among these two

1
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habitats, the floodplain appears to provide significantly better habitat for rearing (Figure
1).

Figure 1. Juvenile Chinook on the right were reared within an enclosure within the Cosumnes
River floodplain while those on the left were reared within an enclosure in the river below the
floodplain (intertidal Delta habitat).

This study confirms that juvenile Chinook benefit from access to floodplain habitats.
While river habitats comparable to those above the floodplain can support similar growth
rates as the floodplain, this habitat is more variable. During high flows the river offers
poor habitat and fish living in this type of habitat will tend to be displaced downstream.
The floodplain can provide optimal growing conditions during such floods and likely
offers superior habitat conditions to the downstream Delta.

The risk of fish stranding on the floodplain merits further research. However, initial
research on the Cosumnes suggests that native fish tend to respond to cues that facilitate
emigration from the floodplain during draining and that primarily non-native fish become
stranded. This work further supports the concept that floodplain restoration can be an’
important strategy for restoring Central Valley salmon populations.

This research is summarized in:

Jeffres, C., J. Opperman, and P. B. Moyle. Submitted. Ephemeral floodplain habitats
provide best growth conditions for juvenile Chinook salmon in a California river.
Submitted to Environmental Biology of Fishes.

This work has also been presented at the following conferences:
1. Floodplain Management Association 2005
2. Society for Ecological Restoration 2005
3. Riverine Hydroecology (Stirling, Scotland) 2006



2. Identifying and mapping the floodplain inundated by the Floodplain Activation
Flood.

Working in collaboration with Phil Williams and Associates (PWA), we worked to
define, identify, and quantify a particular type of floodplain: that which is inundated by a
Floodplain Activation Flood (FAF). The FAF is a relatively frequent, long duration,
spring-time flood that has particular value for native fish and food web productivity (see
text on floodplain conceptual model below for further description of a F loodplain
Activation Flood).

The FAF was defined as follows:

1. occurs in two out of three years (67% exceedance probability)
2. duration of at least one week
3. occurs between March 15 and May 15.

These criteria were applied to a series of paired gauges along the Sacramento River and
within the Yolo Bypass. This process derived a flood stage elevation that corresponded
to the FAF criteria. This flood stage was then used to develop a water surface that was
applied to topography for the Sacramento River and surrounding floodplain (from US
Army Corps of Engineers’ Sacramento-San Joaquin Comprehensive Study), estimating
the area of floodplain inundated during the FAF.

We found that there is very little floodplain area inundated by the FAF in the current
Sacramento Valley. Nearly all floodplain that corresponds to the FAF is found within the
Yolo Bypass.

This work is further described in:

Philip Williams & Associates, L., and J. J. Opperman. 2006. The frequently activated
floodplain: quantifying a remnant landcape in the Sacramento Valley, San Francisco, CA.

Williams, P., J. Opperman, E. Andrews, S. Bozkurt, and P. Moyle. Quantifying activated
floodplain on a lowland regulated river. In preparation for San Francisco Estuary and
Watershed Science.

3. The Central Valley Floodplain White Paper

I 'am continuing to work on the floodplain white paper along with my co-author, Peter
Moyle. A central part of the white paper is a conceptual model for Central Valley
floodplains, briefly described below.

This work has been presented at the following conferences:
1. Floodplain Management Association, 2005
2. American Geophysical Union and the North American Benthological Society,
2005
3. Society for Ecological Restoration, 2005



State of the Estuary Conference, 2005

CALFED Science Conference, 2006

Riverine Hydroecology (Stirling, Scotland), 2006

State of Washington, the Ecological Value of High Flows, 2006

N A

Brief overview of conceptual model:

Floodplains support high levels of biodiversity and are among the most productive
ecosystems in the world. They provide a range of ecosystem services to human society,
including storage and conveyance of flood flows, groundwater recharge, open space,
recreational opportunities, and habitat for a diversity of species, many of them of
economic importance. Among the world’s ecosystem types, Costanza et al. (1997)
ranked floodplains second only to estuaries in terms of the ecosystem services provided
to society. In the Central Valley, the most important ecosystem services provided by
floodplains include reduction of flood risk and habitat for numerous species, including
commercially and recreationally valuable species (e.g., chinook salmon and waterfowl)
and for endangered species. Recent research has demonstrated that floodplains provide
necessary spawning habitat for the Sacramento splittail, an endemic minnow (Sommer et
al. 1997) and that juvenile chinook salmon grow faster on floodplains than in main-stem
river channels (Sommer et al. 2001b) (Figure 1). Productivity from floodplains can be
exported to the Sacramento-San Joaquin Delta, where food limitation is likely one of the
factors contributing to the decline of fish species (Jassby and Cloern 2000, Schemel et al.
2004). Further, in places such as the Yolo Bypass, ecologically valuable floodplains can
be compatible with productive agriculture (Sommer et al. 2001a).

Recognizing these valuable services, state and federal agencies have expressed policy
goals to restore floodplains in the Central Valley (CALFED Bay-Delta Program 2000).
Further, flood management projects in the Central Valley now generally include a
floodplain restoration component. To guide these restoration efforts, we convened a
floodplain working group, composed of floodplain experts drawn from academia,
agencies, NGOs, and the private sector, to define ecologically functional floodplains.
This group described three primary components of ecologically functional floodplains:

* Connectivity between river and floodplain.

* Hydrological variability

* Sufficient geographic scale for associated ecological benefits to be meaningful
on a system- or population-scale.

We developed a conceptual model of floodplain processes based on the scientific
literature, our collective experiences studying floodplains, and guidance from the
floodplain working group (Figure 2). This conceptual model illustrates the linkages
between physical and biological processes in floodplains and can be used to inform
floodplain restoration projects.



Organization of the conceptual model.

A diverse range of flows influence floodplain geomorphic and ecological processes,
ranging from flows below bankfull to large, rare, and highly erosive floods. Numerous
aspects of these flows have geomorphic and ecological significance, including
magnitude, frequency, duration, rates of change, and seasonality, as well as antecedent
conditions on the floodplain. To simplify, our conceptual model focuses on three types
of ‘representative floods,” characterized by their frequency and magnitude, which are
found in the blue boxes in the Hydrology portion of the model. These floods perform
geomorphic work, described in the brown-outline boxes in the Geomorphology portion of
the model. Hydrologic and geomorphic processes create the conditions for Ecosystem
Responses and Processes to occur (green-outlined boxes). The Ecosystem Responses and
Processes produce Ecological Benefits, the magnitudes of which are influenced by the
geographic scale of floodplain. Two representative floods, the Floodplain Activation
Flood and the Floodplain Reorganization Flood are illustrated in Figures 2 and 3 and
described below.

Two representative floods

Floodplain Activation Flood. The floodplain activation flood (FAF) is a small-
magnitude flood that occurs relatively frequently (e.g., almost every year) (Figure 3).
The FAF can be further defined in terms of seasonality and duration—for example a
flood that lasts at least one week and occurs in the Spring. The following article by Betty
Andrews defines a FAF in terms of frequency, season, and duration and then describes a
process to map the floodplain that corresponds to the FAF in the Sacramento Valley. A
long duration flood produces characteristic ecological benefits such as_habitat for native
fish spawning and rearing (Figure 1) and food web productivity. The duration of the
flood is important as these processes cannot occur during a short event. The seasonality
of the flood also influences which ecological processes occur (see the temporal scale bar

(Winter [ Late spring) in one of the ecological process boxes). The importance of
duration and seasonality for a FAF is indicated by the question mark adjacent to the flood
occurring in late January on the hydrograph in Figure 2 (a short, winter-time flood).
Because floodplains can remain inundated for a period of time after the loss of direct
connection with river flows, a series of short connections can also function as a
floodplain activation flood.

Floodplain Reorganization Flood. The floodplain reorganization flood is a greater
magnitude flood that occurs less frequently (Figure 3). This higher energy flood _
produces geomorphic work including extensive erosion and deposition on the floodplain
which creates heterogeneous floodplain topography. In turn, these dynamic events and
heterogeneous topography create a diverse ecosystem with vegetation patches of varying
age, species composition and structure, and floodplain water bodies of varying
successional stage and connectivity to the river. The ecosystem processes that occur.
during a Floodplain Activation Flood take place within the mosaic of habitat features
created during Floodplain Reorganization Floods.

Conclusions
The model illustrates the importance of hydrological variability for an ecologically
functional floodplain. For example, a floodplain that rarely is inundated by a Floodplain



Activation Flood will not produce the ecological benefits of food web productivity or
spawning and rearing habitat for native fish. A floodplain that is not subject to
Floodplain Reorganization Floods will not maintain the mosaic of habitats (e.g.,
vegetation and water bodies of varying successional stages) that help support floodplain
biodiversity. Therefore, floodplain restoration projects should not only focus on
reintroducing connectivity between rivers and floodplains. Floodplain managers should
also ask the following questions about this connectivity: how often, for how long, in what
season, and of what magnitude? The answers to these questions will strongly influence
the range of ecological benefits that the restored floodplain can provide.

CALFED Bay-Delta Program. 2000. Ecosystem restoration program plan. Volume I:
Ecological attributes of the San Francisco Bay-Delta watershed. Pages 532 pp.
CALFED.

Costanza, R., R. dArge, R. deGroot, S. Farber, M. Grasso, B. Hannon, K. Limburg, S.
Naeem, R. V. Oneill, J. Paruelo, R. G. Raskin, P. Sutton, and M. vandenBelt.
1997. The value of the world's ecosystem services and natural capital. Nature
387:253-260.

Jassby, A. D., and J. E. Cloern. 2000. Organic matter sources and rehabilitation of the
Sacramento - San Joaquin Delta (California, USA). Aquatic Conservation:
Marine and Freshwater Ecosystems 10: 323-352.

Schemel, L. E., T. R. Sommer, A. B. Muller-Solger, and W. C. Harrell. 2004.
Hydrological variability, water chemistry, and phytoplankton biomass in a large
floodplain of the Sacramento River, CA, USA. Hydrobiologia 513: 129-139.

Sommer, T., R. Baxter, and B. Herbold. 1997. Resilience of splittail in the Sacramento-
San Joaquin estuary. Trans. Am. Fish. Soc. 126: 961-976.

Sommer, T., B. Harrell, M. Nobriga, R. Brown, P. Moyle, W. Kimmerer, and L.
Schemel. 2001a. California's Yolo Bypass: evidence that flood control can be
compatible with fisheries, wetlands, wildlife, and agriculture. Fisheries 26: 6-16.

Sommer, T. R., M. L. Nobriga, W. C. Harrell, W. Batham, and W. J. Kimmerer. 2001b.
Floodplain rearing of juvenile chinook salmon: evidence of enhanced growth and
survival. Canadian Journal of Fisheries and Aquatic Sciences 58: 325-333.



Figure 2. Floodplain Conceptual Model
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